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ELECTRIC AND THERMOELECTRIC PROPERTIES OF p-Ag,Te

F.F.ALIEV
Institute of Physics of Academy of Sciences of Azerbaijan
370143, Baku, H. Javid av., 33

There have been investigated temperature dependencies of Hall-coefficient R, electric conductivity - oand thermal EMF - a, in p-Ag;Te
in the temperature range 4-300 K. There have been observed feature: retardation R (T) in the temperature range ~ 200-300 K, minimum at
~ 65 K and maximum at ~200 K in o (7T) and maxim in @, (T) at ~ 80 and 250 K. Obtained experimented data are rationalized semiem-
pirically within the with two type model with regard to acceptor impurities placed from conduction band bottom by 0,030 eV. It is of electron
and hole (U,) at T < 65 K and generation of decrease acceptor electron concentration (n,) a¢ T > 65 K. Retardation R (T) and decrease
o (T) at T> 200 K at the expense of retro weakness of and decrease of U, (T). Maximum of @, (T) at ~270 K is accompanied by appear-

ance of intrinsic conduction.
INTRODUCTION

Many papers [1-8] are concerned with the investigation of
electrophysical and thermoelectric properties of Ag;Te. Au-
thors showed that the low of electron dispersion in n- Ag,Te
follows Kane model [1-2], electron interaction has non-
elastic character [3], in the range 4-300 K the main scattering
mechanism is the scattering on ionized impurities and optic
phonons {1-4].

Unlike n-Ag,Te electric and thermoelectric properties in
p-Ag,Te have the features that are not observed in peculiar
narrow-band semiconductors.

So their analyses require knowledge of energy spectra of
charge carriers in p-Ag,Te. In spite of series of papers, dedi-
cated to investigation of energy spectra of charge carriers in
p-Ag,Te {4-8] one cannot treat this task solved.

So, this paper deals with the investigation of temperature
dependence R(T),o(T) and a, (T) to establish energy
spectrum of charge carriers - Ag,Te.

EXPERIMENTAL DATA

In Fig. 1.1 temperature dependence R is presented. It is
shown that R (T} up to = 45 K does not depend on T, then
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Fig.1. Temperature dependence: Hall coefficient (1), electric
conductivity (2) and thermal EMF (3).
Solid lines — calculated.

reduces and at ~ 65 K it changes the sign for negative one,
reaching the maximum at ~ 80 K, then reduces continuously
and in the range = 200-300 K heavily weakens.

In Fig. 1.2 the temperature dependence is shown. From
comparing ¢(T) and R(T) it is shown that o(T) at T<45
K follow R(T),and T =~ 65 K corresponding the temperature
of sign inversion R, passes through the minimum, then with
the temperature rise it increases and at ~200 K passes through
maximum. In Fig.1.3 the temperature dependence a, is
shown. a, (T) increases linearly up to T < 45 K, and then
changes the sign p for n, and at ~ 80 and 270 K passes
through maximum.

DISCUSSION OR OBTAINED DATA

Temperature dependence o(T) ,R(T) and o, (T) have
been discussed in various papers [5-8]. Authors try to explain
observed plateau én dependence R(T) in the range
= 230-300 K. From $lope of R(T) (after ~ 80 K) there have
been estimated activization energy 0,04+0,01 eV, supposing
that local energy levels are taken place in band gap. The pre-
sume of plateau in R (T} is due to exhaustion of these energy
levels, and activization energy is the ionization energy of
these levels [5]. Authors [6] concluded that in the range of
intrinsic  conduction in charge concentration follows
exponential function P;,n;sT°, corresponding to electron
activation between the lauds with highly non-parabolic
spectrum of electron and holes. According to experimental
R(T) and o(T) they have determined ¢; < 6 MeV and have
supposed that in Ag,Te gapless state is taken place at low
temperatures. As to the authors point of new [6] sharp
retardation of electron concentration increase (or plateau in
R(T)) in the range ~ 250-300 K is due to the presence of
additional valence band with high state density.

Author [7] supposed that the presence of conduction
maximum and some anomaly of thermal EMF in the range »~
248-283 K could be connected with possible phase transition.
Decrease of a, above 283 K is more characteristic for impu-
rity conduction, and increase of a, with the reduction of
temperature in connected with the change of scattering
mechanism and phonon increase of electrons. Authors of
papers [8] showed that in temperature range 140-200 K
a, (T) behaves the low | @, | T° and in this range there
have taken place increase of electrons by phonons.
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As it is shown authors [5-8] it makes false conclusions
from low-temperature investigation R, o and ¢, tempera-
ture dependence of band parameters. For revealing -given
problem one must carry out complex analysis with regard to
dispersion law, with broad temperature dependence of ex-
perimental data, band parameters and mechanism of scatter-
ing. .

" Such kind of analysis is carried out as following:
For calculation of R(T),o(T) and a, (T) we use the fol-
lowing formulas: '
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where N, - acceptor concentration, b=U,/ U, relation of
electron mobility to hole mobility, c=n/p relation of elec-
tron concentration to hole concentration, o, 7,, @y, and a,,
are partial of electroconductivity and thermal EMF and holes,
respectively. For analysis of obtained data it is necessary to
determine n (T),U, (T) and U, (T) by dependence, and for
their determination one must know energy of acceptor activa-
tion (&,) and temperature dependence of Fermi level as a
whole. At low value of band gap £, =(0,035-7.10° TK ") eV
{9] and at high value of Na it is impossible to determine the
value of &, for p-Ag,Te. &, can be determined as follows: it is
known, that thermal EMF(a,) of any degree of degeneration
of hole gas with standard band is defined as follows [10],
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a = P

where ,u; =u/KT - reducible chemical potential, # and F

level and Fermi integral. From formulas (4) # at T=20 K is

determined. Of one knows 4, N, and ,u;, &; can be found
. with formula [10]:

u = - 1 (.s £ ) _ KT 1n -———87[3/2}?31\7" (5)
2 g a 2 (Zm;kT)3/2 .

At values N,=6,25-10" cm®, m = 0,12 [4] and T =20 K

it is bound that £, = 0,030 eV (reading against conduction
band bottom). If values £, and g, are known electron concen-
tration on acceptor level [10] can be determined:
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Obtained values for n, (T) are shown in Fig.2.1.
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Fig.2. Temperature dependence of concentration (1) and relation
of electron mobility b and c to holes (2).

Now let's define b (T). Value b at T £ 65 K, where con-
duction is far from intrinsic donduction (n<<p) it is impossi-
ble to derive from formula:

1y
P N_- ,
b= £ 2 , )]

e
where P.=P-n, nf =Pn, P=N,+n and n=n,+n;.
Atinversion R, b= l/ \/Z and at maximum (~ 80 K):

(1 -Db)
max gy ’ (8)
4beN,

where N, can be does not depend on temperature. Above
80 K b is matched so that the calculated values R coincide
with experimental data (Fig.L1 and 2.2).

If b(T) known, with (2) and according to o(T) (Fig.1.2)
one can determine U, (T)and U, (T)=U,(T)/b(T) (fig.3).
For theoretical determination U, (T) there have been carried
out calculations as following: as it is noted in paper [2] at
high degeneration and Kane law of dispersion at scattering on
ionized impurities and acoustic oscillations of lattice the
charge carrier mobility are expressed in the following formu-
las:
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where £ - factor taking account the influence of non-parabo-
lity on probability of scattering, p - crystal density, V, - speed
of sound in crystal, E - constant of deformation potential and
¢ - dielectric constant. Values p, V;,£ and E are given from
[11]. U’ (T) results are shown in Fig.3.
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Fig.3. Temperature dependence of electron mobility (U, and

U,,) and holes (U ).

Calculations show that at low temperatures conduction is
completely due to holes, i.e. at T < 40 K acceptor concentra-
tton is very high comparing with electron concentration. So R
and o must be change with temperature, and «, must be
increased linearly.

As it is seen from Fig.3 hole mobility U, at T<40 K de-
pends on temperature, if any, but electron mobility U, incre-

ases with temperature, i.e. charge carriers are scattered on
ionized impurities. After T>40 K scattering occurs on acous-
tic oscillations of lattice, due which U, and U, reduce with
the temperature leading to decrease of o (T). Calculations
show that at the expense of decrease of U, (T)o(T) reduces
approximately by 7 %. From Fig.1.2 it is seen that o(T) at
~ 65 K is reduced approximately by 12 %, i.e. the decrease of
o (T) occurs at the expense of high decrease of U, in the
range 50-65 K.The cause of high change of U, (T)at T< 65 K

~is probably connected with following circumstance: unlike

U, (T) the design.-curve U;, {T) does not depend on T at
50 K, after 50 K :it decreases approximately as the law
UL (T)~T"%% The matter is to reveal the cause of high
change U, with the temperature rise: at low temperatures
electrons are scattered on acceptor impurities where average
thermal energy is much less than energy of acceptor level
(4¢,=5 MeV) i.e. with the temperature rise electron captures
on acceptors increase, that brings about decrease of band
electrons and increase of U, at T< 40 K. High decrease of
U, (T) in the temperature range 50-65 K can be caused by
additional resonance electron scattering on acceptor levels,
where Fermi levels are placed in narrow vicinity near Ae,.
Now we can analyze increase of o (T) and change of sign
R and ap at T > 65 K. Calculation shows that at T < 65 K
Fermi level is some less than main state of acceptor 4, and
n, remains constant. At further temperature rise (where
KT>Ae,) number of vacant places on acceptors are ex-
hausted, i.e. generation n, and process of electron excitation
form valent band into conduction band is started. As it is
shown from Fig.2 n,>>n; , i.e. concentration N, plays an
important role in conduction, which at T < 65 K increases as
the law n, ~T%7, leading to increase of o-and change R, a,.

. Decrease of o, retardation R and maximum a, in the
temperature range ~ 200-300 K. As it is shown from Fig.2 at
T > 200 K n, (T)retards highly, but b does not practically
depend on temperature as formula (2) o depends on U,, i.e.
with the temperature rise U, is decreased approximately for
U.~T1% and o is also decreased. In this temperature range
contribution of electron in conduction is more than of holes,

i.e. n, Ui or R=-1/1n,.It is seen from Fig.2 that at 7>200 K
n, (T) - retards highly, that brings about high attenuation of
R(T) decrease of a,(T). Since ¢ =~ 270 K decrease of
&, (T) is accompanied by occurrence of intrinsic conduction.
One can conclude from above-mentioned, that suggested
model, i.e. interpretation of data within with two type models
with the regard to acceptor impurities placed from conduction

band zone by 0,030 eV, completely describes electric and
thermoelectric properties of p-Ag,Te.
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F.F. Oliyev
p-Ag:Te KRISTALININ ELEKTRIK VO TERMOELEKTRIK XASSOSI

Meqaledo p-Ag:Te kristalinin Holl emsah - R, elektrikkegirme - o ve termoelektrik emsah - &, 4-300 K temperatur intervalinda
tedqiq olunmusdur. Tacriibada R (T) -nin 200-300 K intervahinda zsif asililifi, o (T)-nin 65 K ve ~200 K minimum ve maksimumu,
a, (T)-nin ise ~270 K-de maksimumu misahide olunmusdur. Ahnan neticeler iki tip yukdasiyioi ve kegirici zonanin dibinden
0,030 eV mesafede olan asqar seviyyesinin varhigi ile izah olunmugdur. Milayyen olunmusdur ki, ¢ (T) -nin ~65 K - doki minimumu
7<65 K-do elektron ve desiklorin yirikliiyliniin azalmas1 vo T>65 K-de elektronlarin akseptor seviyyesinden generasiyasi ilo
alaqedardir. R (T)-nin 200-300 K temperatur intervalinda zeiflemesi ve a, (T)-nin xatti artmas: na ( T)-nin zaiflomesi, a (T) -nin ise
%270 K-den sonra azalmasi mexsusi kegiriciliyinin baglamas: ile elagadardir.

D.®. AnueB

JIEKTPUYECKUE U TEPMODJIEKTPUYECKHUE CBOMICTBA p-Ag,Te

HccnenoBansl TeMOEPaTypHBIE 3aBUCHMOCTH Kodduuuenta Xoma — R, 3NEKTPONPOBOJHOCTH — O M TEPMO3.A.C. — & B p-AgyTe B
nHreppane Temneparyp 4-300 K. HaGmonatotes ocoGesHocTH: 3ameinieHue R (T) B uHTepBaie Temneparyp ~200-300 K, Muuumym npu
~65 K u makcumym nipu %200 K 8 o(T) , u makcumyMmsl ¢ ( T) nipu ~80 u ~270 K. Ilony4eHHbIE SKCIIEPHMEHTANIBHBIE JAHHbIC HHTEPIIpE-
THPOBAHBI B PAMKAX MOENH C JIBYMA THIIAMU HOCHTENEH TOKA C Y4ETOM aKUENTOPHHIX YPOBHEH, PACMONOKEHHBIX OT IHA 30HBI NPOBOAHUMO-
¢t ua 0,030 9B. YcraHoBAEHO, YTO MHHUMYM 0 (T) 1ipu =635 K 06ycnosnen ymeHpLieHHeM néﬂBuzKHocTn 31eKTPOHOB (U,,) ¥ AbIpok (U)
npu T <65 K  reHepaumeil akUeNTOPHbIX EKTPOHOB (n,) pu T > 65 K. 3amennenue R (T) ¥ yMeHbilieHue o (T) napu T >200 K npo-

MCXOAST 32 cueT ocnabneHus n, (T) W ymeusiueuus U, (T). MakcuMym a, (T) npu =270 K cBa3aH ¢ nposBieHreM coGCTBeHHOM! nposo-
JUMOCTH. .
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