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CONCENTRATION PHASE TRANSITION IN Ag,Te
WITH AN EXCESS OF Ag

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

The concentration phase transition (CPT) was observed in samples Ag,Te with the excess of Ag>0,01 at.% at investigation of the
concentration and temperature dependences of electric and thermoelectric properties. It is supposed, that the appearance of CPT is connected
with the formation of the new sublattice of Ag in Ag,Te beginning from the excess ~0,01 at.%. It is shown that the first sublattice of Ag
atoms creates the two-electrons donor and the second-(Ag,) one-electron donor. The last fact is caused by the position of the Fermi level

lower or inside of the impurity state.

Electric and thermoelectric properties of Ag,Te have been
investigated with the excess of Ag up to ~0.25 at %. Concentration
phase transition (CPT) is observed in crystals with excess of
Ag 0.1+12 at %. Transition is connected with the appearance
of new sublattice Ag in Ag,Te.

Ag,Te is classified among narrow-band semiconductors
with high electron mobility, small lattice thermal conduction
and having the structural phase transition in the temperature
range 390+450K [1-3]. Therefore investigation of concentration
and temperature dependences of kinetic parameters is important for
revealing of application field in electron technology.

Investigations are carried out on a series of Ag,Te

samples: the stoichiometric composition with the excess of Te .

(up to 1.0 at %) and Ag (up to 0.25 at %). As it is known [2],
the excess of Te up to 1.0 at % does not cause a falling of the
second phase, any changes in crystal structure are not
observed and causes the formation of p-Ag,Te [3]; and it is
established, that the hole concentration is proportional to Te
content [1]. Excess of Ag in homogeneity region leads to the
formation of n-Ag,Te.
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Fig. | Electron concentration dependence on the excess of Ag.
Solid line is calculated.
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At investigation of kinetic effects in n-Ag,Te it is found
that the excess of Ag up to ~0.10 at % leads to the rise of the
electron concentration (n) up to n~5.0-10cm™ and the
excess of Ag up to ~ 0.12 at % decreases n sharply about by
a factor of 10* (fig.1), i.e. CPT takes place. This fact has not
been described in literature.

With this aim concentration and temperature dependences
of the Hall coefficient R, electroconductivity o and thermo-

electromotive force @, have been investigated for revealing
of CPT mechanism in n-Ag,Te.

Samples have been obtained by the common technology
with the excess of Ag up to 0.25 at %. Refined silver with
99.99% purity and Te of TA-1 model after two fold distillation
in vacuum were used for Ag,Te synthesis. Samples were cut out
to the shape of the parallelepiped with sizes 2x3x10 mm’.
Obtained experimental data of temperature dependences
R(T), o(T) and a,(T) for two samples of n- Ag,Te with
the excess of Ag 0.10 and 0.12 at % are presented on fig.2.
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Fig.2. Temperature dependence of the Hall coefficient & (at H=12kE)
electroconductivity o and thermoelectromotive force ap.
Solid lines are calculated.

It is seen that for both samples the behavior of R (T), o(T)
and a, (T) is characteristic for semiconductors with one kind
of charge carriers in the degenerate state and Cane’s law of
dispersion [4). In spite of essential distinction of their
concentrations, qualitative distinctions are not observed in
them. Authors [5] suggested that in Ag chalkogenides Ag can
be two-electron donor giving two electrons into the conduction
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band (Ag'—>Ag**+2¢). Then the forming two-electron state is
located either at the expense of strong interaction with the
lattice or strong interaction with vacancies and other defects.
Our experimental data on samples with Ag content up to
0.10at.% (fig.1) confirm hypothesis of authors [5]. Starting
with the excess of Ag 0.12 at.%, the electron concentration
rises proportionally to Ag content, i.e. in this case the excess
of Ag plays a role of one-electron donors.

In paper [6] it is noted, that there are two structurally
different types of Ag atoms in Ag,Te. Ag; atom is surrounded
by four Te atoms on distances 2.87; 2.91; 3.04 and 2.994;
Ag, atom has five nearest neighbours on the distances 3.04;
3.01; 2.95; 2.90 and 2.85A. In both positions the cell has 4
(Ag;Te) and all atoms occupy the disposition of 4 order. Thus
Ag atoms form 2 sublattices of Ag atoms in the structure.
CPT takes place at the transition from the first position (Ag;)
to the second one (Ag,).

Ag,Te relates to the class of compensated semiconductors
[7.8]. Thus Te atoms create acceptor levels disposed on the
distance (0.03-7-10°T-K eV from the conduction bottom
[4], and Ag atoms in the forbidden band create local energy
donor levels [9].

In literature an activation energy value of donors E, is
absent. Experimental determination of E, at the small value of
band gap E,~(0,03-7-10°T-K™")eV and the high value of the
donor concentration Ny is very difficult. In this situation the
following method is suggested [4]. At any degree of the
electron gas degeneration with a nonstandard band thermal,
EME forces are expressed according to [10].
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where u'=u/K,T is the reduced chemical potential, 4 and
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I ,’1" . are the Fermi level and two — parametric Fermi integral,

B=K,T/E, is the parameter specifying a non-parabolic of the
band. From (1) uE, values have been determined at T=15 K.
If 4 N, and m, [4] magnitudes (m, is the effective electron
mass on the Fermi level) are known, you can define Ey
according to [10]:
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Magnitudes E, have been calculated (at T=0K) taking into

E, = KOT/n[ @

account the dependence E,(T) [4]: Ey, ~2meV (at
N~(1.1+50)-10"sm") and E, =5meV (at Ns<1.1:625)10"sm")
(counting from the bottom of the conduction band) (fig.3).

If you take into consideration that weak compensation
goes in the concentration interval Nd=(1.1+5.0)~10’85m'3, and

high compensation goes in the interval N~(1.1+6.25)-10"sm?,
then the state density in both cases are expressed, respectively

(11]:
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N, is the acceptor impurity concentration, y is the dielectric
constant of the crystal. Chemical potential in the first case is
calculated from (2), and in the second case is calculated
according to [11]:
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If the value u is known, then the concentration can be
presented as
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and temperature dependence of thermoelectromotive forces as
(1), Rand o as
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o = enU,(T). (6)

4

en

Temperature dependence of the electron mobility U, (T)
at any degree of electron gas degeneration for a non-standard
band has been determined earlier.
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Fig.3. Temperature dependences of the chemical potential (1)
and activation energy of donors (Eg) 4 E and (2E are
calculated in Ag,Te with the ¢xcess of Ag 0.10 and 0.12 at %,
respectivety.

Calculated data are presented on fig.1,2. As it is seen,
calculated curves n to CPT are below. The reason is due to
the error of the application field of the formula (3).
Agreement of calculated and experimenta! curves R, o and
ay confirms the assumption, that NyAg,Te is weakly and
highly compensated semiconductor in corresponding above
mentioned intervals. It offers the scope for understanding of
the origin of CPT in Ag,Te. New sublattice Ag (position Ag,)
is formed in the cell Ag,Te starting with the excess of Ag
0.12 at %. In this case the crystal is highly compensated at the
expense of interaction with vacancies and other defects. Then
the electron concentration, localized in donors n=N4-N, , is
much less than the donor concentration. Thus at all tempera-
tures all electrons can be arranged in donors, whose energy
levels are significantly reduced by the potential of neighbour
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charged impurities. As a result, u is below than the level of
the isolated impurity (fig.3). The less electron concentration
of n the deeper w is arranged.

If we do not take into consideration Hauss fluctuations
[11] it can be suggested that another positively charge donor
can appeare in the vicinity of some donors on the distance

r<<N;l/3 , where u is above the impurity state. At r>>a (- is
the effective Bohr radius) the correction of E to the energy

level in the first donor is defined only by the Coulomb
potential of the second donor, i.e. E=-e?xr. In this case it is
suggested that the second donor is empty. Band energy of the

second electron in the couple of donors is close toR Eé.

Therefore at the high compensation, when 4 is below the
donor impurity level and is into the impurity state (fig.3), only
one electron can correspond to the couple of close donors.
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F.F. Oliyev

Ag:Te KRISTALININ Ag ARTIQLIGINDA KONSENTRASIYA FAZA KECIDI

Ag:Te kristahnda 0.25 at% Ag artighfr ile olan niimunolerin elektrik ve termoelektrik xassolori toedgiq olunmugdur. Ag
artighginm 0.1+0.12at.%-do konsentrasiya faza kegidi (KFK) askar olunmusdur. Kegid yeni alt qafesin Ag artighginin hesabina

yaranmast ile elagelenmigdir.
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KOHUEHTPAITMOHHbBIN ®A30BBIN IEPEXO/ B Ag,Te C U3BbITKOM Ag

TIpi WCCNENOBAHUM KOHLEHTDAUMOHHBIX H TEMIEPATYPHEIX 3aBHCHMOCTEH SMEKTPUICCKHX H TEPMOBJIEKTPHYECKUX CBOMCTB AgyTe
oGHapyeH KOHLEHTpaLyMoHHE dasonrlii nepexon (KPII) B obpasmax ¢ n3bbitkom Ag>0.01at.%. [Ipeanonaraercs, 4T0 NOABACHHE K®I1
CcBsI3aHO ¢ 06pasoBaHHeM HOBOH moapewetky Ag B AgTe HauuHas ¢ waGriTka ~ 0.01 at.%. [Toxa3aHo, 4TO MepBas MOAPELIETKA aTOMa Ag,
CO31AET IBYXINEKTPOHHELH JOHOD, a BTopas — (Ag,) - OLXHOINCKTPOHHBIH JOHOP. TTocnenHee cBA3aHO ¢ HAXOXkIEHHEM ypoBHA DepMu HIXE

HITH BHYTPH IPHMECHOTO COCTOAHMS.
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