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Abstract. CdO:Sn thin films are deposited onto glass substrates by thermal
evaporation under vacuum. The studied films are polycrystalline and have an
NaCl structure. The Hall effect is studied for films with different thickness
as substrates are maintained at different temperatures. The temperature depen-
dence of the Hall mobility is also investigated.

PACS number: 73.50.Jt

1 Introduction

The semiconducting cadmium oxides attract a great attention due to their electri-
cal and optical properties. Films prepared from pure and metal-doped CdO have
been widely studied for extensive optoelectronic applications in transparent con-
ducting oxides (TCO), solar cells, smart windows, optical communications, flat
panel displays, photo-transistors, as well as other types of applications like IR
heat mirror, gas sensors, low-emissive windows, thin-film resistors, etc. [1-5].

Generally, CdO films are transparent in visible and NIR spectral regions and
have n-type semiconducting properties with an electrical resistivity of 10−2–
10−4 Ω cm [1,6] and a band gap in-between 2.2 eV and 2.7 eV [7–9]. The
procedure of preparation and the kind of the metal dopant are responsible for
those different values of the conductivity and the variety of the optical proper-
ties. The conduction of pure CdO is attributed to its native defects of Oxygen
vacancies and Cadmium interstitials. Therefore, the conductivity of CdO films
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can be controlled by those native defects through the procedure of film prepara-
tion including doping with metallic ions. Moreover, these electrical properties
can be improved by reducing the effect of depletion regions formed on grain
boundaries that can be done by employing various treatments with Hydrogen in-
cluding low-temperature post-annealing [10-12]. The present study focuses on
the improvement of the dc-electrical conduction properties and the variation in
the optical absorption properties of CdO thin films because of low-temperature
post-annealing in Hydrogen atmosphere at different durations.

The cadmium oxide (CdO) is an important semiconductor material for the de-
velopment of various technologies of solid-state devices, (panel display, opto-
electronic components, thermally insulating glass, etc.) [1-3]. Some electrical
properties of this oxide have been investigated by several authors [4-9]. The
experimental data concerning the Hall effect of CdO are rather poor. A vari-
ety of methods has been used to prepare thin films of cadmium oxide, such as
thermal evaporation, oxidation of cadmium films, spray pyrolysis, metalorganic
chemical deposition, plasma-induced bonding, etc. [5-9]. It was experimen-
tally found that the electronic transport and optical properties of CdO thin films
strongly depend on the preparation method and deposition conditions [7-11]. On
the other hand, we remark that in the above-mentioned papers on the electronic
transport in CdO and CdO:Sn thin films, the experimental data were discussed
with respect to a relative, small number of samples prepared under different con-
ditions. Consequently, it is difficult to compare the results presented by different
authors. It was experimentally established that the stable structure of films can
be obtained if, after preparation, they are submitted to a heat treatment [12,13].

In this paper, the Hall coefficient in CdO:Sn thin films is investigated as a func-
tion of deposition conditions, magnetic induction and film temperature.

2 Experiment

CdO:Sn thin films were deposited onto glass substrates by physical vapour de-
position under vacuum of high purity CdO and Sn. The experimental conditions
were settled for obtaining films of a uniform thickness on large areas of the sub-
strate surface. The samples under study were prepared using the following depo-
sition parameters: the source evaporator-substrate distance wasD = 50 mm, the
source temperature was Tν = 1100 K; the deposition rate was rd = 10 μm/s; the
substrate temperature TS = 300–500 K. The source temperature was monitored
by a Pt/Pt-Rh thermocouple. A special holder for substrates was made of Alu-
minium and permits to prepare four samples simultaneously. A chromel-alumel
thermocouple, which monitored substrate temperature, was attached to the front
surface of the substrate.

The film thickness was measured by using multiple-beam Fizeau’s fringe
method [7] at reflection of monochromatic light, λ = 550 nm. The X-ray
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diffraction (XRD) patterns of the films were recorded with a DRON-2 diffrac-
tometer operating with CuKα radiation (λ = 1.5418 μm). For measurement of
the Hall coefficient and its temperature dependence a special arrangement has
been used [12]. The Indium thin film electrodes were used. The Hall voltage
was determined by a standard DC potentiometric method. Two Keithley instru-
ments (Model 6517 electrometer and a Model 487 picoampermeter) were used
for measurements. The Hall coefficient was calculated from the following ex-
pression [14]:

R =
UHd

BI
, (1)

where UH is the Hall voltage, d represents the film thickness, B is the magnetic
induction and I denotes the intensity of the total current which passes through
the film.

The magnetic induction (produced by an electromagnet) was measured by a tes-
lameter with Hall sonde. The temperature dependence of the electrical conduc-
tivity, σ, was studied using surface-type cells. The optical bandgap of CdO:Sn
thin films was determined from the optical absorption spectra. The absorption
coefficient, α, was calculated from the expression [15]

α =
1
d

ln
(1 −R)2

T
, (2)

where d is the film thickness, andR is the reflection coefficient and T represents
the transmission coefficient.

The reflection and the transmission spectra (in the spectral range from 400 nm to
1800 nm) were recorded using a Zeiss, Jena spectrophotometer and an ETA-STO
spectrometer.

3 Results and Discussion

A linear dependence of the voltage, UH , as a function of magnetic induction,
B, has been observed for films with different thickness, deposited onto the sub-
strates maintained at different temperatures during the film growth (Figures 1–
3). It is known that in polycrystalline thin films the electronic transport mecha-
nism is influenced by the intercrystalline boundaries. This mechanism is based
upon the consideration that the crystallite boundaries have an inherent charge re-
gion due to the interface. Consequently, energy band bending occurs, and poten-
tial barriers to the transport of charge carriers result. For investigated samples,
the activation energy of electrical conduction, Ea, calculated from the temper-
ature dependence of the electrical conductivity can vary from 0.30 to 0.70 eV.
These values strongly differ from energy gap, Eg , of CdO crystals (the values
of Eg reported by different authors for cubic CdO crystals are, usually, ranged
between 2.70 and 3.20 eV [2,4,10]).
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Figure 1. Hall voltage vs. the magnetic induction for sample A21, d = 0.22 μm and
TS = 473 K.

Clearly, that the conduction mechanism in the investigated samples can be ex-
plained by applying the models developed for the semiconducting discrete (poly-
crystalline) structure [14,19]. Seto’s model [1,20] could explain the electronic
transport mechanism in ZnTe, Sb2O3 and Sb2S3 polycrystalline films. On the

Figure 2. Hall voltage vs. the magnetic induction for sample A23, d = 0.68 μm and
TS = 473 K.
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Figure 3. Hall voltage vs. the magnetic induction: sample A31 (d = 0.19 μm), sample
A32 (d = 0.46 μm), sample A33 (d = 0.62 μm), TS = 523 K and I = 12.5 mA.

other hand, the linear dependence of the Hall voltage, UH , as a function of mag-
netic induction,B, (Figures 1–3) shows that in the CdO:Sn thin films, the bound-
ary domains little influence on the carrier transport in magnetic field.

We consider that the presence of tin crystalline (metallic) precipitate in the inter-
crystallite domains determines an important decrease of the electrical resistivity
of these domains. The crystallite size and film thickness can also influence the
Hall coefficient. One of the well-known models accounting for the Hall coef-
ficient in the semiconducting thin films is that developed by Amith [21]. Ac-
cording to this model, the effective Hall coefficient, RH , is related to the Hall
coefficient intracrystalline domains RHb through the expression

RH = RHbη
(λ
d

)
, (3)

where η(λ/d) is a function depending on the ratio λ/d (λ denotes the mean
scattering length and d is the film thickness).

For smaller values of λ/d (λ/d < 2), the function η(λ/d) ∼= 1 and RH is
little influenced by the film thickness and mean scattering length. For bulk CdO
crystals the mean scattering length has lower values (λ ∼= 10–15 nm). Figure 4
shows that the Hall coefficient does not depend on the magnetic induction B.
This behavior is justified, because the condition μ2B2 � 1 (where μ is the
carrier mobility) is true for the investigated samples (μ = 1.2 × 10−5–7.5 ×
10−5 m2/(Vs)).

The temperature dependence of the Hall coefficient is presented in Figures 5–
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Figure 4. Hall coefficient vs. the magnetic induction: sample A21 (d = 0.22 μm), sample
A22 (d = 0.51 μm), sample A23 (d = 0.68 μm), TS = 523 K and I = 12.5 mA.

6. An exponential increase of the Hall coefficient with increasing temperature is
observed in all investigated temperature ranges. Clearly, the extrinsic conduction
prevails in studied samples. Impurity atoms (tin atoms) introduce energy levels
within the energy gap and act as donors. The activation energy of the impurities,
Ed, calculated from the relation ln(RHT 3/2) = f(103/T ), generally ranged
between 0.020 eV and 0.070 eV.

In Figure (7), the dependence of the Hall mobility on the temperature is illus-
trated for three studied samples. The Hall mobility μH has been estimated by
means of the expression

μH =
|RH |
ρ

, (4)

where RH is the Hall coefficient and ρ denotes the electrical resistivity.

The carrier mobility due to lattice vibrations can be expressed by [16]

μL = ALm
−5/2
eff T−3/2 (5)

and the charged ionized centers affect mobility as follows [16]:

μI = AIm
−1/2
eff T−3/2 (6)

where AL and AI are the characteristic parameters, meff denotes the scalar ef-
fective mass of the charge carriers and T is the absolute temperature.
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Figure 5. Temperature dependence of the Hall coefficient for films with various thickness:
sample A21 (d = 0.22 μm), sample A22 (d = 0.51 μm), sample A23 (d = 0.68 μm),
TS = 473 K and B = 0.22 T.

In the polycrystalline thin films, free carriers are scattered by the crystallite
boundary surface in addition to the scattering mechanisms observed in the re-

Figure 6. Temperature dependence of the Hall coefficient for films with various thickness:
sample A11 (d = 0.17 μm), sample A12 (d = 0.39 μm), sample A13 (d = 0.57 μm),
TS = 293 K and B = 0.22 T.
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Figure 7. Temperature dependence of the Hall mobility for films with various thickness:
sample A23 (d = 0.68 μm), sample A22 (d = 0.51 μm), sample A21 (d = 0.22 μm),
TS = 473 K.

spective bulk materials. Figure 7 shows temperature dependence of Hall mobil-
ity for three studied samples. It can be observed that these dependences present
two parts. We suppose that in the first parts the carrier scattering by ionized
impurities (tin donors) prevails. According to Eq. (6), in this case an increase
of carrier mobility with temperature is observed. The decrease of mobility in
higher temperature is caused by lattice scattering of charge carriers. Also, the
large value of the carrier concentration determines a decrease of the mobility
[16].

4 Conclusion

From the results obtained in this work, we can conclude that the Hall voltage
linearly depends on the magnetic induction. In the studied temperature range
(300–500 K), an exponential increase of the Hall coefficient with increasing
temperature is observed. An important characteristic of absorption spectra for
polycrystalline semiconducting films is an additional maximum (compared to
single crystals) for photon energies less than the band gap. At higher photon
energy the absorption spectra are little influenced by the polycrystalline structure
of the films.
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Sandoval, G. Torres-Delgado, C.I. Zúñiga-Romero (2000) Thin Solid Films 371
105-108.

[7] K.L. Chopra and S.R. Das (1983) Thin Film Solar Cells, Plenum Press, NY, p. 57.
[8] Y.-S. Choi, C.-G. Lee, S.M. Cho (1996) Thin Solid Films 289 153-158.
[9] R. Kondo, H. Okhimura and Y. Sakai (1971) Japan. J. Appl. Phys. 10 1547-1554.

[10] K. Zhang, F. Zhu, C.H.A. Huan, and A.T.S. Wee (1999) J. Appl. Phys. 86 974-980.
[11] S.Y. Myong and K.S. Lim (2003) Appl. Phys. Lett. 82 3026-3028.
[12] B.-Y. Oh, M.-C. Jeong, D.-S. Kim, W. Lee and J.-M. Myoung (2005) , J. Cryst.

Growth 281 475-480.
[13] N. Tsuda et al. (2000) Electronic Conduction in Oxides, Springer-Verlag, Berlin-

Heidelberg-New York, p. 112.
[14] L.I. Maissel and R. Glang (1970) Handbook of Thin Films Technology, McGraw-

Hill, NY, p. 205.
[15] C.H. Champness and C.H. Chan (1995) Sol. Energy Mater. Sol. Cells 37 75-92.
[16] M.A. Kanjwal, N.A.M. Barakat, F.A. Sheikh and H.Y. Kim (2010) J. Mater. Sci. 45

1272-1279.
[17] B.J. Lokhande and M.D. Uplane (2001) Mater. Res. Bull. 36 439-447.
[18] A.A. Dakhel and F.Z. Henari (2004) Cryst. Res. Technol. 38 979-985.
[19] O.A. Hamadi (2008) J. Materials: Design Applications (JMDA) 222 65-72.
[20] O.A. Hamadi (2008) Iraqi. J. Appl. Phys. (IJAP) 4 34-37.
[21] H. Metin and R. Esen (2003) Semicond. Sci. Technol. 18 647-654.

231




