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Electron transport in amor phous (GeSe;),..By films
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The charge-transport behavior of (GeSes)1-Bx films (x = 0, 10, 20 mol.%) have been studied and their dependence on field,
temperature and composition has been observed. The investigations have been carried out at room temperature and below
room temperature in temperature range 173 - 293 K and applied electric fields up to 10® Vm™ on sandwich Al/Chal/Al
structures. The |-V characteristics show a linear (ohmic) dependence at low voltage and non-ohmic dependence at higher
voltage region. In the intermediate region electron transport behaviors are determined by space charge limited conduction
(SCLC) mechanism. Quantitative information about the transport parameters has been derived as a function of film
composition applying the relevant SCLC theory. The magnitude and energy distribution of the space charge has been
obtained by the method of Manfredotti for current- voltage characteristics analyses. Electron localized states have been
obtained in the region from 0.32 to 0.90 eV. The density of localized states varies with film composition from 5.9 x 10% to

4.1x10%°m?,
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1. Introduction

Intrinsic  semiconductor behaviors of amorphous
materialsfit into the scheme of energy levels, whose bands
extend as tails of the localized states. In view of the low
mobility of charge carriers this results in the energy gap
even in the cases of the real systems with the overlapping
tails. In the case of some chd cogenide glasses, the energy
gap thus defined, whose existence is due to the lack of
mobility of charge carriers have been better characterized
by the approach derived from the Cohen-Fritzche-
Ovshinsky [1] and, S. Hosokawa [2]. Equally important
results reated to forming the models of these materias
have been obtained on the basis of the approach by Street
and Mott, based on the existence of defect centers [3].
Real glassy network is known to show structural disorder
such as broken chemical bonds, modified forms of the
structural units and topology disorder, which increase the
density of the locdized states, and leads to ther
distribution in the band gap depth partialy overlapping the
“tails’ as described in the Street-Mott [3] and Kastner-
Adler-Fritzsche modd [4] for the charged defects. In the
vicinity of the middle of the forbidden gap, (i.e. the
mobility gap), a rea glass possesses a narrow band of
localized states with a sufficiently high dengity to fix the
Fermi level to thisregion. These energy states are strongly
influenced by the components involved and structure
defects, whose number depends on the nature of
components introduced and the method of sample
preparation. The mechanism of conductivity influenced by
the traps is the space charge limited conduction (SCLC)
mechani sm.

The eectron transport investigation in disordered
systems is of considerable significance due to the strong

effect on the electrical properties of semiconductors [5, 6].
Our previous investigations show that the introduction of
boron into the basic Ge-Se amorphous matrix additionally
disturbs the ordering and coordination in the glass matrix
[7]. It has been established that electrode limited
conduction mechanism can be applied to explain the low
field currents in these chalcogenide glasses a room
temperature,

The am of present work is to study the eectron
transport behavior of the chacogenide films in
intermediate area between the Ohmic (low dectric field)
and the Schottky region (high electric field) by measuring
the current-voltage characteristics of Al/Ge-Se-B/Al
structures in temperature range below room temperature.

2. Experimental

Bulk chalcogenide glasses with constant raio Ge:
Se=1:5 and different content boron: 0, 10 and 20 moal. %
were synthesized by melt-quenching technique. Starting
elements with 5N purity were mixed and seded in
evacuated quartz ampoules, heated up to 1200 K for 12 h
with heating rate of 2-3 K min™. Mdted samples were
guenched in amixture of ice and water.

Thin films were prepared by vacuum evaporation of
the respective bulk glasses in a standard installation
“Hochvacuum” B 30.2. The experimenta conditions of
evaporation process. residua pressure of about 1.33x10™
Pa, source-substrate distance of 0.12 m was kept constant;
the evaporation temperature 900-1000 K, was varied
according to the film composition. A specia designed
tantalum evaporator was used for preparation of
homogeneous films. Corning glass substrates were rotated
during the deposition process to prevent non-uniformity in
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the film thickness. Film thickness varied between 80 and
190 nm measured by optica interference method.
Experiments were performed on sandwich structures
Al/Ge-Se-B/Al prepared by consecutive evaporaion of
bottom aluminum eectrode, chalcogenide film and upper
aluminum electrode. The current-voltage characteristics of
the structures were measured at a linear increasing
electrical field applied up to 10° Vm™. The temperature
range of the investigations was 173 - 293 K monitored by
temperature controller.

Computerized experimental set-up utilized for
investigations included precise amplifier and picoammeter
MV-40, Germany.

3. Theoretical approaches

The spacecharge limited current (SCLC) behaviours
have been studied by many authors. In generd theam of these
investigations has been to determine concentration and depth
of trgpping centers. Disadvantage of the most of modes
applied has been connected with the necessty to make a fit
between experimentd data and theoretical curves cdculaed
from specific trap distribution. The method of Lampert [8] for
discrete levels is most suitable for semiconductor materials,
sdnce the method is independent on the mechanism of
charge carrier generation, and structure of the semi conductor
film. Lampert has shown that the current density j in the
region where the conduction is governed by the SCLC
mechanism s given by

2
j = “EA;’ 1)
d

wherej is current density, & — relative dielectric constant,
A —the area of the sample, d — thickness of the film, p is
the carriers mobility, V is applied voltage.

Manfredotti and co-workers [9] has suggested a
smplified method for current-voltege characterigtics
andyses. The parameters of trap digributions (energy and
density of localized sates) are obtained without introducing
a-priori hypothesis regarding the nature of the distributions
themselves. The analysis has shown a good agreement
with Lampetrs method and has been proved for GaSe [9]
and GeSefilms[10].

The Manfredotti method is based on the assumptions:
constant carrier mobility, homogeneous trap distribution in
the space, independency of the eectrical length of the
sample from the electrical field, trap occupancy
determined by the position of Fermi level and the gap state
density varies slowly and continuoudy over energies of
the order KT. Thus the energy distribution of the localized
states is given by the equation

dn _1.dp ©
dEg edEp

where n; isthe totd density of the locdized dectrons, p is
totd space charge density in the sample, Er is the energy
of the quasi-Fermi level, and eisthe eectron charge.

The expression (2) is valid when the dendty of the
localized carriers is larger than that of the free ones. The
derivative dn/dEg has its maximum for

Erpm =E; +kTIng

The position and the value of the maximum determine
the energy level E, of thelocalized states and their density
N:. With asufficient precision one can determine the energy
depth of the traps with equation (2) in the approximation
Erm =E;, Snceg = 2 (degeneracy factor), KT Ing reaches a
maximum of 0.018 eV & room temperature. Using the value
g = 2, (this value has been introduced and proved by
Manfredatti [9]) the locdized states density can be evaluated
by the expression

Ny = 4kT[diJ @
dEr EF max

4. Results and discussion

The current-voltage characteristics are an important
tool for anayzing different conduction processes and
electron transport in the amorphous material's.

The |-V characteristics of thin film with 20 mol.% B
in log-log scale measured in the temperature interval 173 —
293 K areplotted in Fig. 1. The curves reved an increase
in the current values with the temperature. All I-V
characteristics yield conduction regions, which fit to
different dopes. The sopes correspond to ohmic condition
a lower fields where the power dependence isj ~U and
non-ohmic conduction (Schottky or Pool-Frenkel region)
at higher fidlds (j ~expUY?). The non-ohmic region in-
between is governed by the relation j ~ U". Our study
concerns this intermedi ate conduction region where n=2.

Fig. 1. Current-voltage characteristics of Gej3SesBzo
sample inlog-log scale(the solid line shows the area
wheretherdationj ~U?isvalid).

Non-ohmic behaviors have been observed in many
cha cogenide materids and have often been interpreted in
terms of trap controlled space charge limited conduction
(SCLC) [11,12]. However in order to exclude the
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existence of Shottky or Poole-Frenkd conduction in the
region under study we have to analyze careful the results
shown in Fig. 1. Schottky emission occurs due to thermal
activation of eectrons over the metal-insulator or metd-
semiconductor interface barrier because of lowering the
barrier height due to applied voltages. Poole-Frenkel
mechanism is similar to the Schottky, except that it is
applied to thermal excitation of electrons from traps into
the conduction band of the insulator. In both cases the
relation (j ~expU™?) should be a straight line. In order to
check if the Shottky mechanism is favorable in the electric
fied under study we re-plotted the |-V characteristics in
semi-logarithmic scae as log j=f(UY?) for two different
samples with different thicknesses in the voltage region
where SCLS conduction is expected. Both curves of GeSes
and (GeSes)sB2o presented in Fig. 2 show non-linear
dependence and verify the absence of Shottky or Poole-
Frenkel conduction mechanism.
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Fig. 2. Current density versus UY2 for GeSes and (GeSes)s0Bzo
thin films.

According to eg. (1) the SCLC mechanism can be
corroborated aso by linearity of the relation log j versus
d* (film thickness). The current density plotted versus film
thickness of the film (GeSes)20B2o (Fig. 3) exhibits that the
current linearly decreases as the film thickness increases
and the dope is caculated to be 3.1. The experimenta
results: non-linearity of j vs. U2 dependence and the slope
in the thickness dependence of the current suggest a trap
controlled SCLC mechanism in the region under study.
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Fig. 3. Relation between current density and film
thickness of (GeSes)goB2 thin films.

Fig. 4 showsrdaion of dn/dEr on the quas-Fermi leve
(Ep) energy in thin film samples without boron (Fig. 44),
with 10 mol% (Fig. 4b) and 20 mol.% boron content
(Fig. 4c).

For the E; and N; caculations we assume the
following parameters derived from the literature and from
our earlier studies: €=6.3 for the reative dielectric
permittivity of the amorphous films, m¢/m = (0.33+0.95)
m for the electron effective mass and p =5x10% m? /Vs for
the electron mobility in the films at room temperature [7].
The values of energy of the locdized states, E; are
determined from the position of the maxima of
dn/dEg=f (Eg) using the relation (3). It is obvious
that the deviations in maxima position of different samples
are very small and do not exceed 1kT. It isto be noted that
only the peaks with magnitudes exceeded five times the
fluctuation level are taken into account for E
determination. The peaks are narrow and ther full width at
half maximum is less than 0.02 eV. This vaue is
considerably less than 3.5 KT values indicating tha the
localized stetes thus obtained are discrete states. The value
of haf maximum is very small compared to E;. This
suggests a uniform distribution of the localized stetesin the
band gap that istypica for the amorphous films as reported
by other authors [13]. The mean values of the traps depth,
E;, caculated in Table 1 show small increase in the values
with increase in boron concentration.
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Fig. 4. The dependence of dn/dF on the position of the
quasi-Fermi level Er for a. Gej7Ses sample, b. GesSers
B0 sample, c. GeysSes; By sample.
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Tabe 1L Mean values of energy distribution of the
localized states, E; and localized statesdensity N; of the
Ge7Seg3, GesSeys Byg, GepsSes7 By films.

GeSes (GeSes)g0B 1o (GeSes)g0B2o
o NI g NI g N
0.87 7.4x10%* 0.90 4.1x10® 087 85x10°
0.81 47x10* 0.87 35x10® 0.83 509x10%
0.78 24x10® 0.85 1.8x10® 0.80 6.1x10*
0.71 46x10%* 0.78 09.3x10® 0.78 9.1x10%
0.64 19x10® 0.72 9.4x10* 077 85x10%
057 58x10%* 0.66 2.0x10® 072 4.4x10%
051 4.9x10%* 059 36x10® 064 21x10°
044 41x10%* 056 4.1x10® 055 3.2x10%
0.38 1.1x10® 0.53 35x10® 054 3.7x10*
0.32 7.8x10* 049 36x10® 051 4.3x10*

The density values, N,, calculated in Table 1 are from
5.9 x 10® to 4.1 x 10® m® depending on the boron
concentration. The introduction of 10 mol. % boron
increases carrier density in the localized states. S. P. Singh
et.d. has reported similar dependence in GeSeln films
[14]. Further increase in boron content (20 mol.%) leads to
a small decrease in the density of states. To explain the
results observed we should have in mind the structure of
Ge-chalcogenide glasses. Ge-Se films are known to have a
large number of defects due to dangling bonds that give
rise to large number of localized states [14]. These
localized states act as carrier trapping centers and after
trapping the injected charge from electrodes they become
charged and thereby expected to build up a space charge.
The boron introduction induces structural changes in the
host Ge-Se matrix. This leads to rearrangement in the local
environment, helps the creation of new defects that are
presented al so as traps in the gap and this could result in a
shift of the Fermi level. Some new trap states can also
appear in the mobility gap as it has been shown in the
present study as an increase in the density of states.
However the introduction of boron amount more than
10 mol.% probably reduces the number of dangling bonds
due to creation of new structural units and reducing the
number of defect bonds. Hence the number of the
locali zed states diminishes.

5. Conclusions

The investigations of Al-(Ge-Se-B) -Al samplesin the
intermedi ate range between Ohmi ¢ and the Schottky regions
at the dlectric field up to E = 10° Vm™* show a non-ohmic
power dependence and suggest the appearance of traps
controlled space charge limited currents. Energy
distribution of the localized state in the temperature
interval 173 to 293 K reved s that the introduction of the
third e ement, boron, leads to a shift of the Fermi level, E;,
from 0.32 €V to 0.51 eV. The density of localized states

increases when boron atoms first are introduced probably
due to creation of new defect bonds. The defect states in
the films form space charge on trapping the injected
charge from electrodes and hence determine the SCLC
process. When amount of boron is more than 10 mol. %
boron atoms are most probably create new structural units
in the host Ge-Se matrix and thus leads to a reduction in
defect numbers and small decrease in density of states,
respectively.

The results show that anaysis of the current-voltage
characteristics could be successfully performed in both
space charge limited currents region a strong electric
fields and at low temperatures where dominant mechanism
is the electrode limited conductivity.
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