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Motivation:
• CdO is one of the oldest known semiconductor oxides that have been studied

widely because of its high transparency, high electron mobility, low resistivity,
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
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: 

Figure 1. Schematic diagram for Eu doped CdO film grown 
using PA-MBE technique 

• CdO and Eu doped CdO thin films 
were grown using plasma-assisted 
MBE technique (PA-MBE) on Si and 
quartz 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

Surface morphology Study: 

Figure 2. AFM image of (a) CdO, (b) CdO: Eu320 and (c) CdO: Eu380 on quartz 

Figure 3. AFM image of (a) CdO, (b) CdO: Eu320 and (c) CdO: Eu380 on Si
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UV-Vis Spectroscopy: 
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Varshni’s Model[3]

Bose-Einstein Model[4]

Figure 4. α2 plot as a function of photon energy (hv) for (a) CdO, and (b) Eu doped CdO on quartz

Figure 5. Variation of optical bandgap with temperature  for (a) CdO, and (b) Eu doped CdO on quartz, 
(c) variation of Urbach energy with temperature

Sample Varshni’s Model Bose-Einstein Model

𝑬𝒈 𝟎 𝜶(meV/K) 𝜷(K) 𝑬𝒈 𝟎 𝒌 𝜽(K)

CdO 2.382 0.53 272 2.380 0.07 200

CdO:Eu 2.365 0.9 263 2.362 0.13 203
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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. The
fundamental direct bandgap at ambient condition and 0K (Eg(0)) was determined
from temperature-dependent UV-Vis spectroscopy.

• From fitting the bandgap value using Varshni’s model, the temperature
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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Relation between 
Debye temp and 
average phonon 
temperature

• Eu influences 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.

• Ra value decreases with an increase in 
Eu doping content in CdO

Sample On quartz

Ra(nm)

On Si
Ra(nm)

CdO 2.08 15.3

CdO: Eu320 0.96 17.6

CdO:Eu380 0.36 0.89
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