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a b s t r a c t

Transparent conducting Eu doped ZnO thin films are deposited on glass substrates by spray pyrolysis
technique. The effect of Eu doping on surface morphology, structural and electrical properties of ZnO thin
films are studied. The structural analysis reveal that the films are crystallized in the wurtzite phase with
preferred orientation along (002) plane. EDX and elemental mapping results establish the presence and
distribution of Eu, Zn and O for the ZEO thin films. The Hall measurement results demonstrate that the Eu
doped ZnO (ZEO) films have n-type conduction. The n-type ZEO thin films with comparatively low resis-
tivity of 2.93 � 10�3 O cm and relatively high carrier concentration of 5.18 � 1019 cm�3 are obtained at
doping level of 2 at.%. The mobility values of ZEO thin films decrease from 28.4 cm2 V�1s�1 to 1.02 cm2

V�1s�1 with increase of dopant concentration.
� 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

Rare earth (RE)-doped semiconductors have been intensively
studied for their potential use in optoelectronic devices like visible
(blue, green, and red) and infrared luminescent devices [1–3]. Zinc
oxide (ZnO) is a II–VI semiconductor with a hexagonal wurtzite
structure. Further, it is an inexpensive n-type semiconductor with
a wide band gap of 3.37 eV [4,5]. This property makes it good can-
didate as host materials for the visible and infrared emission of
various rare-earth ions. On the other hand, rare-earth ions are good
luminescence centers due to their narrow and intense emission
lines originating from 4f intrashell transition [6]. Moreover, rare-
earth complexes have the ability to absorb light at shorter wave-
length and emit at a longer wavelength [7,8]. Due to this reason,
trivalent rare earth ions (RE3+) doped ZnO have been studied
extensively during the last two decades. Eu3+ is one of the trivalent
rare earth ions which have been doped in ZnO to achieve efficient
luminescent and transparent conducting oxide (TCO) properties
[6,9].

When Eu is incorporated into the ZnO lattice, Eu3+ replaces Zn2+

ion in the ZnO crystal lattice resulting in free electrons that con-
tribute to the electric conduction. So, the increase in the electrical
conductivity is due to the presence of free carriers introduced by

Eu dopant. Eu doped ZnO (ZnO:Eu) thin films have been deposited
by spray pyrolysis technique [10]. The grown films have been char-
acterized by various characterizing techniques. This chapter inves-
tigates to study the effect of Eu dopant concentration on the
structural, electrical properties and chemical composition of ZnO
thin films. Recently Hasabeldaim et al. [11] studied structural, opti-
cal and photoluminescence properties of Eu doped ZnO thin filme
prepared by spin coating. Sundaram et al. [12] described prepara-
tion of Eu-doped Cu2O thin films using different concentrations by
SILAR and their Heterojunction property with ZnO.

2. Materials and methods

For depositing the europium doped ZnO thin films,
Zn(CH3COO)2�2H2O and Eu(NO3)3�6H2O are chosen as the sources
of zinc and europium, respectively, for monodoped ZnO films, the
spray solution is prepared with 0.1 M Zn(CH3COO)2�2H2O (Sigma-
Aldrich, 99.5%, Germany) and Eu(NO3)3�6H2O (Sigma-Aldrich,
99.9%, Germany) in the 100 ml mixture of deionized water and
ethanol (Merck, 99.9%, Germany) at room temperature. A small
amount of acetic acid (Merck, 99.9%, Germany) is added into the
solution to avoid forming milky precipitate of hydroxides. The
europium concentration is varied from 1 to 10 at.% and the total
concentration of the solution is maintained at 0.1 M. The spray
nozzle is at a distance of 10 cm from the substrate during
deposition [10,13]. The spray deposition is carried out at a
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