Temperature -dependent bandgap study of Eu doped CdO
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Motivation:

high electron concentration, and high exciton binding energy.

* From a transparent conducting oxide point of view, CdO is sufficiently effective
for Eu doping as it stresses the CdO crystalline structure and changes the optical

and electrical properties 1.2,

 Furthermore, understanding the bandgap behavior of Eu doped CdO layer is

e CdO is one of the oldest known semiconductor oxides that have been studied
widely because of its high transparency, high electron mobility, low resistivity,

important for developing various optoelectronic devices such as solar cells.

* Here we have studied a thin layer of CdO and Eu doped CdO grown on quartz

substrate using plasma-assisted molecular beam epitaxy (PA-MBE) technique.

Methodology:

CdO and Eu doped CdO thin films
were grown using plasma-assisted
MBE technique (PA-MBE) on Si and
guartz substrates
Eu content was varied by
increasing the Eu effusion cell
temperature
The following characterization
were performed
Morphological study—=> AFM
Optical Study—=> UV-Vis
spectroscopy
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Figure 1. Schematic diagram for Eu doped CdO film grown
using PA-MBE technique

Surface morphology Study:

* Euinfluences the surface morphology
of the grown layer

 The average roughness parameter
(Ra) of grown layers on Si substrate is
higher compared to the grown layer
on the quartz substrate.

 Ravalue decreases with an increase in
Eu doping content in CdO

*Corresponding author: Abinash Adhikari, adhikari@ifpan.edu.pl
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Figure 3. AFM image of (a) CdO, (b) CdO: Eu320 and (c) CdO: Eu380 on Si
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UV-Vis Spectroscopy: ;

thin film prepared by PA-MBE

Abinash Adhikaril,

! Institute of Physics, Polish Academy of Sciences, Aleja Lotnikéw 32/46, Warsaw, Poland, 02-668

Michat Szot!, Anastasiia Lysak!, Ewa Przezdziecka®

Transmittance, T = -
0

1
Absorption coefficient, & = — El n(T)
Tauc relation, ahv = A (hv — E; ,)"

Urbach energy, @ = « eXp(Z—v)
U

| (a)

60

| (b)

30K
50K
/70K
90K

120K
150K
170K
190K
220K
250K
270K
290K

50 -

30K
50K
/70K
90K
120K

40 -

150K
170K
190K
220K
250K
270K
290K

30 -

0% (x10° cm?)

20 -

10 -

Figure 4. a? plot as a function of photon energy (hv) for (a) CdO, and (b) Eu doped CdO on quartz
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Figure 5. Variation of optical bandgap with temperature for (a) CdO, and (b) Eu doped CdO on quartz,

m Varshni’s Model
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Conclusions:

CdO layer and Eu doped CdO layers were grown on Si and quartz substrate using
PA-MBE technique. Eu influences the surface morphology of layers.
fundamental direct
from temperature-dependent UV-Vis spectroscopy.
From fitting the
coefficient is found to be 0.5 and 0.9 meV/K for CdO and Eu doped CdO samples.
The Debye temperatures were also determined.

Using the Bose-Einstein model, the average phonon temperature of CdO and Eu
doped CdO samples were found to be 200 and 203 K respectively.

The relation between Debye temperature and Average phonon temperature is
well approximated.

Urbach energy decreases with Eu doping in CdO suggests a lower lattice disorder
state is formed for Eu doped CdO layers.
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