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HIGH FIELD CONDUCTION IN a- SerpTesoxCdx THIN FILMS:
APPLICABILITY OF MEYER-NELDEL RULE
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In general, in case of semiconductors, conductivity (o) varies exponentialy with temperature
(T),i.e,0=0pexp (-AE/ k T) where AE isthe activation energy and oy is called the pre-
exponential factor. In most of the semiconducting materials, o, does not depend on AE.
However, in many organic and amorphous semiconductors, g, is found to increase
exponentially with AE. This is called Meyer- Neldel rule. In such experiments, changing
composition of the glassy sample changes the activation energy. In the present work we have
changed AE by applying high electric fields. It is shown that Meyer- Neldel ruleisobeyed in
this case aso where composition of the material is not changed. This indicates thet this rule
is more genera in chalcogenide glasses and is not due to changes in certain parameters on
changing composition.
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1. Introduction

There has been an increased interest in the properties of Se rich semiconducting glassy
aloys dueto their current use as photoreceptors in TV vidicon pick-up tubes [1] and particularly in
digital x-ray imaging [2]. Recently, it has been pointed out that & Se-Te aloys have more
advantages than aSe from the technological point of view due to their greater hardness, higher
crystalization temperature, higher photosensitivity and smaller ageing effects. Therefore, glassy Se-
Teadlloys are used to extend the utility of a-Se.

In generd, for a semiconducting materid, d. c. conductivity increases exponentialy with
temperature indicating that the conductivity is a thermally activated process. Mathematically it can
be expressed as:

0 = 0o exp (-AE/ KT) (1)

where AE is called the activation energy and oy is called the pre-exponentia factor.

The above eguation is termed as Arrhenius law and is used to determine the activation energy
for eectrical conduction. Defects or doping in semiconductors can lead to lower effective activation
energy and to spread in the values for AE for the same property in one material.

In most of the semiconducting materials, o, does not depend on AE. However, in many
organic and amorphous materials, 0y is found to increase exponentialy with AE [3-18]. It was found
empiricaly, for thefirst time, by Meyer and Neldd in 1937 [3] that 0, satisfies ardation:

Op = Ogo &Xp (AE / KTy) 2

where oo and KTo are positive constants within a class of related materials. This expression is termed
as Meyer — Neldd rulefor d. c. conductivity.

In case of chalcogenide glasses dso, MN rule is observed by the variation of AE on
changing the composition of the glassy aloys [19, 20] in a specific glassy system or by the variation
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of intensity of light [21, 22]. When one changes the AE by changing composition in a particular
glassy system, there are changes in the density of defect states and its distribution with energy dueto
compositiond disorder. Since the distribution of density of defect states determines the statistical
shift, which is responsible for the observation of MN rule, it is interesting to look MN rulein a
sample, which is not affected by these complications. Recently, it has been reported tha the
activation energy of a particular glass composition can aso be changed by applying a changing
voltage in the high fidd region [23]. This has the advantage that the distribution of the density of
defect statesin the material remains unchanged with a changein the activation energy.

In the present paper we report on the temperature dependence of d. ¢. conductivity at different
dectric fields in amorphous thin films of Se;nTe;xCdy (X = 2, 4, 6). In the present case, changing
the dectric fid d applied across the sampl e of same composition varies activation energy. The results
show that the MN rule is obeyed in this case also. This shows that MN rule is more generd in
cha cogenide glasses and it does not depend on how activation energy is varied.

2. Experimental

Glassy dloys of SexpTenxCdy (X = 2, 4, 6) were prepared by quenching technique. High
purity (99.999 %) materials were weighed according to their atomic percentages and were sedled in
quartz ampoules (length ~ 5 cm and internal dia ~ 8 mm) with a vacuum ~ 10° Torr. The ampoules
containing the materials were heated to 600 °C and held at that temperature for 10 - 12 hours. The
temperature of the furnace was raised slowly a a rate of 3 - 4 °C/min. During heating, al the
ampoules were constantly rocked, by rotating a ceramic rod to which the ampoules were tucked
away in the furnace. This was done to obtain homogenous glassy alloys.

After rocking for about 10 hours, the obtained melts were cooled rapidly by removing the
ampoules from the furnace and dropping to ice-cooled water. The quenched samples of Se-Te-Cd
system were taken out by breaking the quartz ampoules. The glassy nature of the materials was
checked by XRD technique.

Thin films of these glasses were prepared by vacuum evaporation technique keeping glass
substrates at room temperature. Vacuum evaporated indium dectrodes at bottom were used for the
eectrical contact. The thickness of the films was ~ 500 nm. The co-planar structure (Ilength ~ 1.0 cm
and e ectrode separation ~ 0.1 mm) was used for the present measurements. A vacuum ~ 10° Torr
was maintained in the entire temperature range (305 K to 343 K). The amorphous nature of thin
films was ascertained by x- ray diffraction.

Before measuring the d. c. conductivity, the films were first annealed at 350K for one hour
in avacuum ~ 102 Torr. I-V characteristics were found to be linear and symmetric up to 100 V. The
present measurements were made by applying a voltage from 10 V to 300 V across the films. The
resulting current was measured by a digital dectrometer (Kethdy modd: 614). The heating rate was
kept quite small (0.5 K / min) for these measurements. Thin film samples were mounted in a
specidly designed sample holder. A vacuum ~10° Torr was maintained throughout the
measurements. The temperature of the films is controlled by mounting a heater inside the sample
holder and measured by a caibrated copper- constantan thermocouple mounted very near to the
films.

3. Theoretical consideration

Given beow are the theoretical considerations to observe MN rule in chal cogenide glasses
by changing the activation energy:

For convenience, we are considering the eectron transport mechanism but similar

arguments are valid for holes aso. The temperature dependence of the mobility edges of the
conduction band and that of Fermi level can be approximated as:

Ec(T) =Ew-Yc T ©)

Ef(M)=Ep-wT (4)
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The suffix ¢ and f refer to the mobility edges of the conduction band and the Fermi level
respectively. Here we assume that the conduction and valence band edges contribute equally to the
temperature dependence of the band gap. From equations (1), (3) and (4) we get the experimentally
measured activation energy to be

AE =Ey - Eqo ®)

where Ey isthevdueof E. at T = 0 K. The prefactor oy can now be written as:

Oo=Ncquexp[(Ye- ) /K] (6)

We now qualitativedy explain as how y; can account for the MN rule.

In case of semiconductors the charge neutrality determines the position of the Fermi levd.
Normaly, only states within a couple of KT above E; have any significant occupancy and control the
temperature dependence of E;. However, If the ratio of conduction band tail states (CBT) to the
midgap density of states is large, then states >>kT from E; have significant occupancy and can
influence the motion of E; and in turn gives rise to the MN rule [24]. This happens when the DOS
increases at least as fast as the Fermi function falls off the energy. The wings of the Fermi function
will then contribute to the occupancy. Since, the DOS for the CBT in case of amorphous system
have exponentia distribution with energy [25], the above condition gets satisfied and MN rule is
observed in chal cogeni de glasses [19,20].

The position of Ef, depends on the density of states and is a function of both the applied
voltage and temperature [26,27]. Therefore, the considerations that determine the temperature
dependence of Ex, at a constant voltage are qualitatively similar to those that determine the
temperature dependence of E;. Temperature dependence of Ey, is responsible for the occurrence of
MN rulein case of high fidd conduction experiment reported in the present paper.

4. Results and discussions

The temperature dependence of d. ¢. conductivity is studied at different dectric fidds in
amorphous thin films of Se;aTes «Cdy in temperature range 305 K to 343 K. From the dope and the
intercepts of In o vs. 1000/T curves, the values of AE and o, have been calculated. The activation
energy decreases with the increase in gpplied dectric fiedd. The vaues of g, are also found to be
dependent on dectric fidds [given in Tables 1-3]. Figs. 1-3 show the plots of Inog vs. AE for al the
glassy aloys, which are the straight lines indicating that g, varies exponentially with AE as expected
from equation (2).

Table 1. Semiconduction parametersfor a SeypTexCd,.

Electric Fidld AE (eV) 0o (Qtem?) 0o = 0o &XP [AE / k T
V/cm
1.0 x 10° 0.77 1.43 x 10* 1.42 x 10*
1.0 x 10 0.69 8.04 x 10° 8.21 x 10°
1.5x% 10 0.67 4.25 x 10° 4.27 x 10°
2.0x 10* 0.66 3.13x 10° 3.17 x 10°
3.0 x 10* 0.65 2.73 x 10° 2.65 x 10°

Table 2. Semiconduction parametersfor a SezpTexxCd.a.

Electric Field AE (eV) oo (@ em™) 00=0p &Xp[AE/ Kk To]
V/cm
1.0x 10° 0.83 1.29 x 10° 1.28 x 10°
5.0 x 10° 0.66 3.61 x 10° 3.67 x 10°
1.0 x 10° 0.64 1.90 x 10 1.89 x 10°
1.5x% 10 0.61 7.90 x 10* 8.0 x 10*
2.5x 10" 0.59 4.20 x 10 4.10 x 10*
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Fig. 1. Plot of In 0p vs. AE at different electric fields for a Se;pTe,sCds.
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Fig. 2. Plot of In 0p vs. AE at different electric fields for & SegTexCd..
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Fig. 3. Plot of In 0p vs. AE at different electric fields for & SeyoTe,4Cde.

The vaues of kT and oy for a SesgTesxCdy thin films have been determined by the slope
of Ingp vs. AE curves and are given in Table 4. Using these vaues of kTo and ago, the expected oy
values have been calculated for the above glassy aloys and compared with the reported values (see

Tables 1-3). An overall good agreement confirms the vaidity of Meyer- Neldel rule.
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Table 3. Semi-conduction Parameters for a- Se;gT€,4Cds.

Electric Field AE (eV) 0o (@ em™) 00= 0w &P [AE/ Kk To]
V/cm
5.0 x 10° 0.65 7.65x 10" 75x10*!
1.0 x 10* 0.61 1.94x 101 2.0x10*?
1.5x 10" 0.60 1.78x10* 1.7x10*"
2.0 x 10* 0.58 8.7x10° 8.8x10°
25x10* 0.56 7.6x10° 7.4x10°

Table 4. Semi-conduction Parameters (0o and KTo) for a SezoTesp«Cdy.

Sample KTo (meV) Ooo (Q* cm™)
SerpTesCd; 336 3.79x107®
SeoTexCd, 339 5.80x107°
SerTe4Cds 345 280x10°
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5. Conclusion

Temperature dependence of d. ¢. conductivity is studied at different dectric fidds in
temperature range 305 K to 343 K. Wefind that ectrical conductivity is thermally activated and the
activation energy depends on the eectric fid d applied.

In the present case, though the activation energy is varied by changing the dectric fidd
applied across the samples instead of changing the composition of the glassy system or by changing
the intensity of light, the MN rule is observed. This shows that MN rule is more genera in these
materials and it does not depend on how activation energy is varied.
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