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Abstract

Non-stoichiometric CdyxSeioo-x (x=10, 20, 30 at. %) alloys were prepared by melt-quenching technique, while
thin films of these alloys were prepared by vacuum thermal evaporation technique. The Differential thermal
analysis (DTA) results showed that the composition affects the characteristic temperatures, for instance, the
glass transition, and peak crystallization temperatures. X-ray diffraction patterns (XRD) of the as-deposited
films confirmed its amorphous nature except for films with x=30 at. %. These results were confirmed by
scanning electron microscopy (SEM) investigations and correlated to the rigidity percolation threshold of the
lattice. Furthermore, XRD patterns indicated that amorphous structures transformed into crystalline structures
for annealed thin films at 423 K for 30 minutes. The microstructure parameters (crystal size, microstrain, and
dislocation density) of both Se and CdSe phases were calculated for annealed films. The temperature
dependence of dark d.c. conductivity of thin films was studied in the temperature range (300-500 K). The
electrical measurements results showed two types of conduction mechanisms. Conduction is due to extended
state in the temperature range (370-500 K) and variable range hopping in the temperature range (300-370 K).
Moreover, in the high temperature range, the results indicate the validity of Meyer-Neldel rule (MNR) in the
studied samples.

Keywords: Cadmium selenide, Thin films, Rigidity percolation threshold, Dark d.c. conductivity,

Meyer-Neldel rule.

the optical properties of the as-prepared CdyxSeioox (X:
30-60 %) thin films.

1. Introduction

Among the 11-1V compounds, Cadmium Selenide system

[1] is a promising semiconductor material for fabrication Previously [10, 11], we studied the effect of annealing on

of  heterojunction solar  cells, laser  and the structural, electrical and optical properties of
photoelectrochemical cells, light emitting diodes, and amorphous selenium rich CdzoSeso thin films (SR-CdSe).
photodetectors [2, 3]. Because of their suitable bandgap The annea}led films ?f SR-CdSe _EXh'b'tEd - a
(1.7 eV in bulk form) and high photosensitivity in the polycrystalline nature with Se phase in the major
visible range of the solar spectrum, these materials can proportion as compared to the CdSe phase with both
be advantageously used for low cost applications. phases exhibit a hexagonal structure. In the present work,
Different physical and chemical techniques are available these investigations are extended by studying the

for the growth of CdSe thin films [4, 5]. Several workers
[6, 7] have reported the effect of growth conditions and
thermal treatments on the structural, optical, and
electrical properties of CdSe thin films for use in device
fabrication. Nevertheless, little attention has been given
to the effect of composition on the properties of
thermally evaporated non-stoichiometric CdyxSeioo-x thin
films [8, 9]. Moreover, these studies have dealt only with

structural changes due to Cd content for the as-prepared
and annealed CdxSeioo-x (x=10, 20, 30 at. %) films.
Besides, the dependence of the electrical properties of
these films on the Cd content was studied in the
temperature range (300-500 K) to understand the
conduction mechanism tacking place in this important

semiconductor material.
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2. Experimental procedures

The bulk samples of CdxSe100-x (x=10, 20, 30 at. %) were
prepared from a mixture of Cd and Se elements with
purity 99.999% (Aldrich Chem Co,USA ). The
constituent elements were weighed according to their
atomic percentage and were sealed in a quartz ampoule
(inner diameter ~ 8 mm) under vacuum of 10 Torr. The
sealed ampoules were kept inside a furnace and heated
up gradually to 873 K. The constituents hereafter were
kept at 1173 K for 16h. Continuous stirring of the melt
was carried out to ensure good homogeneity. The melt
was then rapidly quenched in ice-water mixture. After
guenching, the solid ingots were removed from the
ampoules and kept in dry atmosphere. Differential
thermal analyzer (DTA) measurements were carried out
on the as-prepared fine powder samples by using
Shimadzu DTA-50 under non-isothermal conditions in
N2 atmosphere at 5 K/min heating rate.

Thin films of cadmium selenide were deposited onto
chemically-cleaned glass substrates kept at room
temperature by thermal evaporation technique using a
high vacuum coating unit (E306A, Edwards Co., UK).
During the deposition process (at normal incidence), the
substrates were suitably rotated in order to obtain films
of uniform thickness. The thickness of the films (~ 600
nm) was measured by a mechanical profilometer (KLA
Tencor P.15). Annealing of the films was carried out in
Pyrex tube furnace at 423 K for 30 min under flow of
pure nitrogen.

The phase structure of the films was examined by using
X-ray diffractometer (Philips type PW 1710 with Cu as
a target and Ni as a filter, \=1.5418 A). The morphology
of the as-prepared as well as the annealed films was
examined using scanning electron microscope (SEM),
Jeol (JSM)-T200 type. The chemical composition of the
as-prepared films was measured using the standard
Energy Dispersive analysis of X-ray (EDX) unit attached
to the used electron microscope. Thick aluminum
electrodes were thermally deposited as ohmic contact. A
planar geometry of the amorphous films (electrode gap ~
2 mm) was used for the electrical measurements.
Keithley 610 C electrometer was used as ohmmeter. The
temperature was measured using a calibrated copper
constantan thermocouple. The temperature dependence
of d.c. conductivity of the CdySe100x (x=10, 20, 30 at.%)
films was then measured under dark conditions in the
temperature range 300-475 K.

3. Theoretical Background

The average coordination numbers {(N) of the studied
glasses were evaluated [12] using the following equation
and the values of (N} are given in Table 3.

_ cd _ Se
(NY = (XN + (100 = x)N*)/100 "

where N and NS¢ represent the coordination number of
Cd and Se elements which are 4 and 2, respectively [13].

The deviation of stoichiometry S is expressed by the ratio
of covalent bonding possibilities of chalcogen atom to
that of non-chalcogen atom. Values of S were found to
be larger than unity for chalcogen-rich glasses and less
than unity for chalcogen-poor glasses. The values of S
were calculated using the following relation [14]:

(100 - x)N*

S -
xN )

The calculated values of S were found to be 4.5, 2 and
1.17 for Cdi1oSegn, Cd2oSeso and CdsoSero, respectively
which indicates chalcogen-rich compositions.

Heteronuclear single bond energies Ea-g can be related to
the homonuclear bonds Ea.a and Egg by Pauling’s
relation [15]:

E s = [E/sﬁ.i\uEBfB]“2 +a(xa _XB)Z (3)

where E(A-B) is the bond energy of heteronuclear bond;
E(A-A) and E(B-B) are energies of expected
homonuclear bonds (3.425 eV and 0.076 eV for Se and
Cd, respectively) [16]; ya and yg are the electronegativity
values for the involved atoms (2.55 and 1.69 for Se and
Cd, respectively) [16].

According to Tichy and Ticha [17], the value of glass
transition temperature should not be only related to
connectedness of the network (which is related to  {N)
) but should also be related to the quality of connections,
i.e. the mean bond energy between the atoms of the
network. Since the difference in the bond energies of
heteronuclear and homonuclear bonds is substantial, so
chemically ordered network are expected where the
number of heteronuclear bonds is maximized i.e. they are
more favorably formed than homonuclear bonds. Based
on this assumption the over all mean bond energy <E)
is given by [18]:

<E> _Ec +Erm (4)

where E. is the mean bond energy of average cross-
linking per atoms i.e, the overall contribution towards
bond energy arising from strong heteronuclear bonds
[19] are given as:

E =P P, , r>1 (chalcogen-rich) (5-2)
or
E =P,,P

. poor ;,;,, r<1 (Cha|cogen—poor) (5'b)

where Prich and Ppoor represent the degree of cross-linking
per atoms for chalcogen-rich case and the chalcogen-
poor one, respectively and are given by:
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P . =xN*/(x+y)

rich

(6-a)

_ B
Ppoor - yN /(X + Y) (G'b)

The average heteronuclear bond energy Eny is given by:

xN*E, ,
By, = TN A
xN @)

where Ea-g is the heteronuclear bond energy of the A-B
heteronuclear bonds. The second term in Eq. (4), Erm, is
the average bond energy per atom of the remaining
matrix i.e. the contribution arising from weaker bonds
that remain after the strong bonds have been maximized
[19], which is defined as

2[0.5(NY =P, |E; 5

(E,)=
(N) , for S>1  (8-3)

2|_O5 <N> - Ppoor JEA—A
(N)

<Erm> =
, for S<1  (8-b)

In Eq. (8), Eg-s is the homounclear bond energy of Se-Se
bonds and Ea-a is the average bond energy of a “metal-
metal” bond in the chalogen-poor region.

4. Results and discussion

4.1 Structural analysis

The quantitative analysis of CdxSeioo-x (x=10, 20, 30 at.
%) films were carried out using EDX technique. The
elemental analysis was carried out the presence of Cd,
and Se. The constituent element ratio of the investigated
thin films were 9.92: 90.08, 20.65: 79.35 and 32.95:
67.05 for CdioSego, CdzSego and CdsoSero samples,
respectively, which is near to the nominal compositions.
Fig. lapc shows the spectral distribution of the
constituent elements for the CdxSe1oo-x (X = 10, 20 and 30
at. %) thin films.
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Fig. (1): Energy dispersive spectral distribution of the
constituent elements for (a) Cd1oSego, (b) Cd2Seso and
(c) CdsoSero thin films.

A typical DTA traces for the as prepared powder samples
of CdxSeoox (x=10, 20, 30 at %) at a 5 K/min heating
rate in the temperature range (300-550 K) are shown in
Fig.2. It can be seen from this figure that all the CdxSe1o-
x glasses show one glass transition and one stage
crystallization ~on  heating. The characteristic
temperatures namely glass transition (Tg), the onset
crystallization (T¢), the peak of crystallization (Tp) and
the melting (Tm) temperatures determined from the DTA
scans are listed in Table 1. It is noticed that with
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increasing Cd content, both T and T, increases, while Ty
decreases. The glass transition temperature is known to
depend on the overall bond energy (E) [20]. The
decrease in Tg4 with increasing Cd content is consistent
with the decrease in the overall bond energy (E) for
our samples as shown in Table 1.

Heating rate 5 K/min

i

+—— CdySey
Endo| 2— Cd,Se,
3—— Cdy;Sey

300 350 400 450 500 550

Fig. (2): DTA traces for CdxSeioox (x=10, 20, 30 at. %)
at heating rate 5 K/min.

Table 1: The average coordination number, <N>, the
number of constraints, Ncons, the deviation of
stoichiometry, r, the overall mean bond energy <E> and
the thermal parameters Tg, T¢, Tp, and Tr, for CdxSe1oo-x
(x=10, 20, 30 at. %).

Composition| (NY ‘ s |1, 0|7 (0|7, () Tm(K)| CEY eV |Neon

Cd10Sego 22 | 45| 318 | 353 | 368 | 487 2.768 |25

CdaoSeso 2.4 2 | 314 | 3589 | 375 | 480 2.319 3

CdzoSern 26 |1.17| 309 | 373 | 394 | 483 2.029 |35

Fig. 3ap show the XRD patterns of the as-prepared and
annealed CdxSeioox (x=10, 20, 30 at.%) thin films,
respectively. The as-prepared samples with x=10 and 20
at.% are amorphous while the sample with x=30 at.% is
poor crystalline where one crystalline peak appeared at
20 = 23.2° (d=3.834) embedded in a hump representing
an amorphous matrix. This peak was indexed according
to JCPDS file no. (75-1162) of monoclinic Se.
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Fig. (3): X-ray diffraction patterns of CdyxSeioo-x (x=10,
20, 30 at %) films: (a) as-prepared; (b) annealed at 423
K for 30 min in N2 atmosphere.

The XRD patterns of annealed CdxSeigo-x (x=10, 20, 30
at.%) thin films at 423 K for 30 min in N2 atmosphere,
revealed the polycrystalline nature of these films.
Analyzing XRD patterns reveals the coexistence of both
Se and CdSe crystalline phases according to JCPDS files
(Hexagonal CdSe no. 02-0330, Hexagonal CdSe no. 04-
011-9600 and Hexagonal Se no. 86—2246, Hexagonal Se
no. 04-002-2932). The interplanar spacing (d) for
orientation peaks of both Se and CdSe crystalline phases

was calculated using Bragg’s formula (d=A/2sinf) where

0 is the Bragg’s angle, A is the wavelength of the used X-
ray. The lattice parameters (c) for annealed films were
calculated for hexagonal structure by the equation [20]:

1 _4|h’+hk+k* | I
d:, 3 a’ ¢’

©)
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where h, k, and | represent the lattice planes. From Table The dislocation density (5), defined as the length of
2, we note that the calculated values for the parameters d dislocation lines per unit volume, is evaluated using the
and c for annealed thin films are in a good agreement relation [25]:
with the standard JCPDS data files for Se and CdSe

. . 1
hexagonal phases. Formation of the hexagonal phase is §=—0o
perhaps due to the non-stoichiometric ratio of Cd and Se D* (12)

in the films [21].
where D is the crystallite size. The calculated values of

The crystallite size for annealed films is calculated using crystallite size, strain and dislocation density of the
the Scherrer formula from the full width at half annealed thin films are included in Table 2. The increase
maximum (FWHM), B [22]. in crystallite size values for the annealed samples from
28.07 nm to 48.9 nm in Se phase and from 30.79 nm to

0.94A . . )
= 89.49 nm in CdSe phase shows the improvement in the
Beosh (10) crystallinity of the films. Similar trend of increase in

crystallite size and decrease in strain with increase of Cd
content is observed for vacuum evaporated CdSe films
on glass substrates [11]. Since the dislocation density and
strain are manifestation of dislocation network in the
films, the decrease in the strain and dislocation density

were D is the average diameter of crystallites, 6 is
Bragg’s angle, f is the FWMH in radian and A=1.5418 A
for the CuK, radiation. Residual strain (¢) of annecaled
CdSe films are calculated from the following relation

[23, 24]: indicates the formation of high quality films at higher Cd
[ A } 1 content.
g£= -B
Dcos0 tan (11)
Table 2: The structural parameters of the annealed CdxSei100-x (x=10, 20 and 30%) thin films at 423 K for 30 min in N2
atmosphere..
. . Lattice spacing, d (A) Lattice pa'gameterS, € | Crystallite Dijslocgttion Ng. I(I)_ft
omposition ensity, crystallites
5101 12| V1010 ()
CdSe | 2506 |002| 3553 | 3520 | 7006 | 7020 | 2807 130 126 2.712
cd10sego | (H)
Se(H) | 2938 [101| 3.072 3.007 4.998 4.958 30.79 139 1.05 2.055
CdSe | 2501 |002| 356 3,520 7.120 7.020 48.90 0.75 0.42 0513
Cd20ses0 | (H)
Se(H) | 2938 [101| 3.043 3.007 5.016 4.958 69.83 0.62 0.21 0.176
Cd30Se70 C(f'f)e 2591 (002 3.439 3.473 6.878 6.946 89.49 0.46 0.124 0.084
For more understanding of this behavior for CdxSeigo-x the degree of freedom Ngy available for the atoms in the
(x=10, 20, 30 at. %), the constraints theory proposed by network, the structure becomes just rigid, and stable
Philips and Thorpe [26] was applied. In a covalently glasses can be prepared. Inaglasswith {N) lower than
bonded glassy network two types of constraints should 2.4, the structure is floppy. Above this value, the
be considered: bond-stretching (o) and bond-bending (B) structure is over constrained, and glass formation
[27]. Given the average coordination number of the becomes difficult. It can be seen from Table 1 that Neon
network {N) , both a and P can be easily calculated increases with increasing Cd content and that an
from (N) : a= {(N) /2 and B=2 (N) -3. amorphous to crystalline transformation takes place at €
Thus the total number of constraints Ncen can be N> = 2.6 which corresponds to CdsSez which is
expressed as: consistent with the constraints theory.
N 5 NY -3 SEM micrographs of Fig. 4apn show the surface
con E< ) morphology of the as-prepared CdzSeso and CdsoSero
(13) thin films. While the sample CdxSeso shows a
The calculated values of Neon of CdxSei00-x System are completely ~ amorphous — matrix  without  any
listed in Table 1. According to the constraints theory, the distinguishable agglomerations, the sample CdsoSer
value (N) = 2.4 is known as the rigidity percolation shows some small crystallites in the amorphous matrix.
threshold (RPT). At (N) = 2.4, the number of Comparing the SEM and XRD results suggests that these

small crystallites might be monoclinic Se phase. On the

constraints Neon acting on the network are balanced b .
con g y other hand, the surface morphology of the films annealed
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at 423 K for 30 min in N, atmosphere shows small
crystallite that are uniformly distributed over amorphous
homogenous background for x=10 at% (Fig.5a).
Increasing the Cd content in films (x= 20, and 30 at. %)
leads to increase the size and the faction content of the

(@)

15kV X18.8808

CdSe phase as shown in (Fig.5s.c). Comparing again the
SEM and XRD results of the annealed films then
suggests that the large crystallites in this case might be
principally the CdSe phase.

15kU X168.888 ilpm BB88G6886

Fig. (5): SEM photograph of annealed at 423 K for 30 min in N2 atmosphere. () Cd10Seso, (b) Cd2Seso and (c) CdsoSero

thin films.
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4.2 Effect of Cd content on the transport mechanism

The d.c. conductivity as a function of the reciprocal
temperature in the temperature range 300-500 K for
CdxSe1oox thin films is given in Fig. 6. This range of
temperature was chosen to include both T4 and T of
these alloys. Thus the effect of amorphous-to-crystalline
phase transformation on the electrical properties can be
investigated. It is clear from this Fig. 6 that at any given
temperature the d.c. conductivity increases with
increasing Cd content which may be attributed to the
higher electrical conductivity of the Cd compared to that
of Se. Besides, all the samples showed the same behavior
where the conductivity curve is made up of two linear
regions indicating an activated process having two
different conduction mechanisms. Thus the conductivity-
temperature relationship for these thin films can be
written as [28]:

o(T)=0, exp(-AE_, /k,;T)+ o, exp(-AE_, /k,T)
(14)

where AE is the activation energy for conduction, oo IS
the pre-exponential factor which depends on the
compositions, kg is Boltzmann constant, and T is the
absolute temperature. The temperature at which the
conduction mechanism seems to change is located at ~
400 K (for x=10 and 20 %) and ~ 363 K (for x=30 %).

These temperatures are very close to the crystallization
temperatures (T¢) of these films as obtained by the DTA.
Thus the change in the dominant conduction mechanism
with increasing temperature in our samples is thought to
be due to the amorphous-crystalline transformation.
Generally, such types of high and low temperature
regions in CdSe thin films have been reported [29, 30].

The activation energies AE; and AEs, were calculated
from the slope of the linear part of region (1) (300-370 K)
and region (I1) (370-500 K). While the intercepts on the
y-axis gives the value of pre-exponential factors co1 and
ooz for each conduction region. The room temperature
conductivity orr, the calculated activation energies and
the pre-exponential factors are summarized in Table 3.
In addition, values of the activation energies AEs; and
AEq; are also plotted versus Cd content in Fig. 7. It is
clear from Table 3 that ort increases, while AEq1, AEq,
oo1 and oo decreases as the Cd concentration increases.
The decrease of the activation energies with increasing
the Cd content can be ascribed to the decrease of the over
all mean bond energy (E) for the studied samples as
shown in Table 3. This decrease of AEq1, AEs; can also
be explained by the shift in Fermi level with increasing
the Cd content.  Amorphous  chalcogenide
semiconductors have characteristically charged defects (

D™ D™y which pin the Fermi level near the middle of
the energy gap of these semiconductors [31]. In the
present system, Cd is assumed to form positively charged

(D+ ) defect centers due to the small electronegativity of
Cd (1.69) as compared to Se (2.55). This excess creation

of (D+) defect centers can then unpin the Fermi level
via increasing the number of tail states over the states
near the Fermi level. These results are in good agreement
with the previous work [32].

Table 3: Room temperature conductivity (orr),
activation energy (AE) and the pre-exponential factor
(o0) for CdyxSeigox (x=10, 20, 30 at. %) thin films.

a atlo
>
00 Pre-exponential facto
erg

pera e o0
0 0]0) 0 JA e
ona
OR AEg JAY m o) oo}
5
] —a—Cd S CdieSeg 4.69x107 | 0.714 | 0.230 | 4.07x10° | 4.0x10°®
, - - - CtlySey, CdaoSeso 2.55x10° | 0590 | 0.190 | 3.90x10? | 5.2x10%
=7 .- m . Cd,.Se
3 é%e 1l 0 Cd3Sern 3.81x10° | 0.480 | 0.180 | 9.69x10! | 4.6x10?
w5, e
o 9 IS eeee
£ | | ﬁi‘r %
2 104 LI .
& " * I
T -11- "n «,
£ ] T g v}
42 5%
* ...I gﬁg‘% 8
LT
13 -
L 1] n .
44 LI
u | ]
15 4
T L L LA S | U B T
18 20 22 24 26 28 30 32 34
[1000/1] [K™)
Fig. (6): plot of In(c) versus (10%T) for CdxSei0o-x
(x=10, 20, 30 at. %) thin films
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Fig. (7): Composition dependence of electrical
activation energy AE; for CdySeiqox (=10, 20, 30 at.
%) thin films

To recognize the possible modes of conduction in our
samples, the value of the pre-exponential factor o should
be considered as it has been shown by Mott [33]. For the
conduction in extended states, the value of the pre-
exponential factor reported for a-Se and other Se alloyed
films is of the order of 10* (Q2.cm)*. A lower value for
pre-exponential factor, 2 to 3 orders of magnitude,
indicates the conduction in the localized states in the
band tails [28, 34]. Even smaller values for oo indicate
conduction in the localized states near the Fermi level
[35]. According to the values of the pre-exponential
factor in Table 3, at lower temperatures (300 - 370 K),
region (I), conduction occurs via variable range hopping
of charge carriers in localized states near Fermi levels.
But at higher temperatures (370 — 500 K), region (11),
conduction in the extended states is dominant for all the
studied compositions. It is also worthy to note that a
decrease in the value of ooz 0ccurs with increasing the Cd
content. Since the value of oo, depends on the mobility
of charge carriers and density of states, the observed
variation may be due to the variation in these parameters
with the material composition [36].

The observed variation in co,_can be further understood
in terms of its variation with AE;, the so-called Meyer—
Neldel rule (MNR) [37]. This rule is known to apply to
various thermally activated phenomena. This rule
correlates co2 with AEq; as:

Oy =0 GXP(AEgz /kBTMN) (15)

where ogo and Twun are constants, and Emn = KeTwn 1S
known as the Meyer—Neldel characteristic energy. Fig. 8
shows a plot of In(cg) versus AEq, which can be best
fitted to a straight line approving clearly that the dc
conductivity of our thin films can be well described by
the (MNR). The slope of the In(co2) versus AEq, straight
line yields the values of Eun =~ 62.3 meV, which gives
Tun = 722.9 K for these chalcogenide alloys. The
estimated values of Emn and Twn lies within the expected
range of 25-100 meV and 260-950 K respectively, for the
semiconductor materials [38, 39].

~ ~ d ol
o W o [y
1 n 1 L 1 1

In[oy] (©2.cm)™
i

L
[}
1

Slope= 16.04
Ey 623 meV

(2]
o
1 N

~
n
1

— :
0.50 0.5 0.60 065 0.70 0.7

K eV)

)
&

Fig. (8): Plot of In(c02) versus AE in the high
temperature range for CdxSe10o-x (X=10, 20, 30 at. %)
thin films

Twn is the (MNR) characteristic temperature [34]. At this
temperature, oqc is independent of activation energy AE.
Different models have been applied for explaining
Mayer-Neldel rule include the density of states (DOS)
model, which is related to a systematic change in (DOS)
in the mobility gap and statistical shift of Fermi energy
Er (T) [40]. Fig. 9 represents a plot of In(coz) Vversus
1000/T for different thin films, with different activation
energies. In such a plot, all curves should show one
common intersection at Tun. For studied films, the
corresponding value for Tun is determined to be 772 K,
which is very close to the previously calculated value.
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The composition dependence of %o , N(Ef), n, Rand W
for the CdxSeioo-x (x=10, 20, 30 at.%) compositions are

—u—Cd,;Sey,

calculated and recorded in Table 4. It is noticed that T
decreases as the Cd content increase. Since T, represents
the degree of disorder, consequently the amorphicity of
the samples decreases with increasing Cd content.

Further, the pre-exponential factor 0 decreases with
increasing Cd content ensuring that the charge carrier
mobility and density of states increases [44]. As shown
in Table 4, W and oR are greater than kT and unity,
respectively which satisfies the VRH model validity
requirement [29].

In[oy,] (C2'.cm™)

-14 T T T T T T
1.2 14 16 18 20 22 24 2¢

1000/T (K1) 6o
Fig. (9): Variation of extrapolated plot of In(co2) Versus 7 = CdySey
1000/T of CdhSe100x (x=10, 20, 30 at. %) thin films. i CdpSey,

The conductivity data in the low-temperature region (T § 8-
< 370K) are replotted in Fig.10 according to Mott’s £
relation for variable-range hopping (VRH) conduction '_g 9-
[28]: g

e 1/4 %"“‘
o T—Goexp[—A/T ] (16) z
with "

1/4 3

A7 =T, =18a" /k,N(E,), (17) 12+ | | | |
where o is the coefficient of exponential decay of the 0250 022 1_(_1?;)2350_11 . 05 02400
localized state wave function, which was assumed to be ®
0.124 A1 [41], y = 10" Hz is the characteristic phonon .
frequency in most amorphous materials and N(Eg) is the Fig. (10): Plots of In (cT"?) versus _(T'l_M) for CdxSexoox
density of localized states at the Fermi level. (x=10, 20, 30 at. %) thin films
The obtained straight Iine_zs of Fig. (10) support our Table 4: Mott’s parameters for CdxSeioo (x=10, 20, 30
argument that the cpnductlon at this _temperature range at. %) thin films.
may be due to hopping between localized states. Hence,
the basic parameters characterizing VRH conduction, o, N(Er) |nx10%

" T w
namely N(Er) and could be calculated from the slopes of SRRl (ff( em” | 20 (K) f(eviem®) | cm) REM | vy | *R
these lines. Then, the values of the hopping distance R, )
electrons (n) within a range of KgT of the Fermi energy
were obtained by using the following relations [42, 43]:

= 9 /4
R lrarrneEy

CdzoSeso 3.49x108 | 2.30x10%| 1.74x10 | 8.96 (8.96x107|0.191|11.11

Cd3oSerno 1.92x10° | 2.03x108| 1.96x10% | 10.16 |8.68x107|0.186(10.77

(18) 5. Conclusions

3 203 KT 74 X-ray diffraction (XRD) results for as-prepared CdyxSe1oo-
= ; = (eV) x (x=10, 20, and 30 at. %) thin films revealed an
4r R°N(E}) 9 N(E,) (19) amorphous structure for these films except for CdzoSezo

where some Se crystallites were detected. These results
were confirmed by SEM photographs and correlated to
n=2KsTN(EF) (20) the rigidity percolation threshold (RPT) of the lattice.
The d.c. conductivity for CdyxSeino-x (x=10, 20, and 30 at.
%) thin films were measured in the temperature range
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(300-500 K). The electrical transport of as-prepared
CdxSe1go-x films is affected by two different mechanisms.
In the high-temperature region (T > 370 K) the thermally
activated conduction through the extended states takes
place. The electrical activation energy (AE) and pre-
exponential factor (op) in this temperature range
followed the well-known Meyer-Neldel rule (MNR). In
the lower temperatures region (T < 370 K), the
conductivity is dominated by the Mott’s variable range
hopping in the localized states near Fermi level. The
density of states around Fermi level N(Ef) and the
concentration of conduction electrons (N) were
calculated using Mott’s parameters where it showed an
increase with increasing of Cd content.
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