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Current-voltage harateristis (I{V) of the In

2

Te

3

and Hg

3

In

2

Te

6

ompounds under warming

eletri �eld in dependene on doping have been investigated. It is shown that I{V are aused by

two mehanisms: arrier heating and derease of ondutivity ativation energy while perolation

level is also dereasing. Charateristi spae and energy sizes of random potential, whih modulates

the bottom of ondution band and their dependene on the doping impurity type were estimated.
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In

2

Te

3

and Hg

3

In

2

Te

6

ompounds are semiondutor

rystals that have a zin-blend lattie ontaining high

onentration (5:5 �10

21

and 2:7 �10

21

m

�3

respetively)

of stoihiometri vaanies. On the one hand suh defe-

tiveness of ation sublattie leads to a distortion of peri-

odiity and potential �eld. It auses loalized state for-

mation in energy gap, arising the tail of absorption edge

[1,2℄ and stati negative S-type di�erential resistivity [3℄

as well, that approahes the objet investigated to un-

ordered semiondutors [4℄. On the other hand, rystal-

lohemial peuliarities of semiondutors with stoihio-

metri vaanies ause spei�, but very useful properties

for pratial appliations suh as wide spetrum ranges

of photoondutivity (0.74{3.5 eV) and transpareny (2{

25 �m), wide temperature range (T>150 K) of intrinsi

ondutivity, eletrial inativity of introdued impuri-

ties and high irradiation resistane of parameters to ex-

ternal radiation. In

2

Te

3

and Hg

3

In

2

Te

6

rystals are per-

spetive materials for fabriations of photodiodes, op-

tial �lters, X-ray and nulear radiation detetors [5℄,

that makes it atual to investigate semiondutors with

stoihiometri vaanies. Further study of phenomena

aused by stoihiometri vaanies will lead to a signif-

iantly deeper understanding of the properties of semi-

ondutors with unompleted latties.

The objet of the present work is to investigate the in-

uene of doping on I{V of In

2

Te

3

and Hg

3

In

2

Te

6

om-

pounds and to determine why I{V deviates from real

ondutivity in positive di�erential resistane region. We

used the In

2

Te

3

samples, undoped and doped with Fe,

Mn and Cu up to the onentration of 5 � 10

20

m

�3

and Hg

3

In

2

Te

6

samples, doped with Fe, Cu, and Sn up

to the onentration of 8 � 10

19

m

�3

and undoped ones

to perform the measurements. Beause of high values of

the energy gap E

g

and stoihiometri vaany onen-

tration In

2

Te

3

speimens had greater eletrial resistiv-

ity than that of Hg

3

In

2

Te

6

speimens. Inspite of a high

impurity level the resistivity of doped speimens remains

within proper dispersion range of resistivity distribution

along the ingot at the absene of speial doping. The

I{V were measured at room temperature in ontinuous

urrent regime for massive speimens with the width of

0.02{0.2 m. It was notied that type of ontats has no

essential inuene on I{V urves. Figures 1 and 2 plot

the experimental (points) dependenies of urrent den-

sity j versus the eletri �eld E. One an see that in weak

�elds the dependene is linear j = �

0

E, whih means

that Ohm's law takes plae. At eletrial �elds that ex-

eed some ritial value E

r

the situation hanges and

the Ohm's law is not being ful�lled any longer for the

speimens investigated. It turned out that doping of our

rystals leads to a derease of ritial �eld value E

r

(see

Table 1).

Compounds �

0

, Ohm

�1

m

�1

a

2

, m

2

/V

2

b v E

r

, V/m r, m V

0

, eV

In

2

Te

3

1:4 � 10

�7

1:3 � 10

�6

0.017 0.86 3834 6:7 � 10

�6

0.274

In

2

Te

3

<Cu> 1:3 � 10

�7

4 � 10

�5

0.024 0.86 3493 7:4 � 10

�6

0.525

In

2

Te

3

<Mn> 4:4 � 10

�7

2:8 � 10

�4

0.042 0.92 1837 1:4 � 10

�5

0.554

In

2

Te

3

<Fe> 3:3 � 10

�7

1:6 � 10

�4

0.036 0.96 2830 9:1 � 10

�6

0.494

Hg

3

In

2

Te

6

9:1 � 10

�4

0.946 0.179 0.86 52.6 4:9 � 10

�4

0.317

Hg

3

In

2

Te

6

<Fe> 6:3 � 10

�4

0.306 0.271 0.86 41.9 6:2 � 10

�4

0.592

Hg

3

In

2

Te

6

<Cu> 1:1 � 10

�3

0.228 0.258 0.86 38.2 6:8 � 10

�4

0.476

Hg

3

In

2

Te

6

<Sn> 8:8 � 10

�4

0.275 0.273 0.86 34.4 7:5 � 10

�4

0.475

Table 1. Parameters of In

2

Te

3

and Hg

3

In

2

Te

6

rystals and oeÆients of (1).
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It is known [6,7℄ that deviation from Ohm's law might

be due to arrier heating phenomenon and derease of

ondutivity ativation energy beause of perolation

level redution as well. Considering this, the formula for

I{V urve an be written in the following form:

j = �

0

E

s

2

1 +

p

1 + 8a

2

E

2

exp(bE

1=(1+v)

); (1)

b =

1

kT

�

1

4

erV

v

0

�

1=(1+v)

; (2)

where �

0

is eletrial ondutivity in the weak eletri

�eld E < E

r

, a

2

is a quantity desribing arrier heating

at the presene of aousti phonons [6℄, r is spae size of

random potential, V

0

is random potential amplitude, v

is ritial index of perolation theory [7℄.

Figures 1 and 2 show that experimental I{V urves

are well desribed by dependene (1) in all the investi-

gated range of the eletrial �eld tension. Using the fat

that experimental and alulated values of urrent den-

sity must oinide, we determined parameters of formula

(1), values of spae size and random potential ampli-

tudes, using expression [7℄:

eE

r

r � kT: (3)

Obtained parameters are presented in the Table 1.

Critial index for di�erent speimens appears to be

lose to the theoretial value v

th

= 0:88 [7℄. The obtained

amplitudes of random potential that ful�lls V

0

� kT ,

allow us to onsider potential utuations studied to be

large-sale and proves that the real ondutivity

� � exp f� (V

p

� �) =kTg

is aused by ativation of eletrons from Fermi level �

to perolation level V

p

of ondution band, whih is dis-

torted by random potential. At eletrial �elds E > E

r

ativation energy dereases that auses perolation level

redution. It leads to an inrease of harge arrier onen-

tration, rises the value of � and makes I{V dependene

non-linear. It is obvious that doping leads to an essential

inreasing of energy and spae size of random potential

that indiates the inrease of unordering of In

2

Te

3

and

Hg

3

In

2

Te

6

strutures under impurity injetion [7℄.

Therefore, using experimental and theoretial alula-

tions we on�rmed in this work the existene of intrin-

si random potential with suÆiently large amplitudes

and spae size in undoped the In

2

Te

3

and Hg

3

In

2

Te

6

rystals. The existene of this large-sale potential an

inuene onsiderably on galvanomagneti, optial and

photoeletrial phenomena in the In

2

Te

3

and Hg

3

In

2

Te

6

ompounds. It is neessary to study of this phenomenon

further.

Fig. 1. Current-voltage harataristis of undoped (1) and

doped Cu (2), Fe (3), Sn (4) Hg

3

In

2

Te

6

samples. Impurity

onentration is 8 � 10

19

m

�3

for all the samples. Solid lines

represent results of theoretial alulations with formula (1).

Fig. 2. Current-voltage harataristis of undoped (1) and

doped Cu (2), Fe (3), Mn (4) In

2

Te

3

samples. Impurity on-

entration is 5 � 10

20

m

�3

for all the samples. Solid lines

represent results of theoretial alulations with formula (1).
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VPLIV FL�KTUACI� POTENCI�LU

NA PROVIDNIST^ SPOLUK In

2
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3

� Hg
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2

Te

6
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Doslid�eno vol~tamperni harakteristiki (VAH) u spolukah In

2

Te

3

i Hg

3

In

2

Te

6

v d�l�ni gri�qih elekt-

riqnih poliv zale�no vid le�uvann�. Pokazano, wo VAH zumovleni dvoma mehanizmami: na�vnist� rozigrivu

nosiÝv ta zmenxenn�m ener�iÝ aktivaiÝ providnosti pri poni�enni rivn� protikann�. Oineno harakterni

prostorovi � ener�etiqni rozmiri vipadkovogo poteni�lu, �ki� modul� dno zoni providnosti, ta Ýhn�

zale�nist~ vid tipu le�u�qoÝ domixki.
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