Electrical and thermal transport properties of CdO and
CdMgO alloys grown using PA-MBE technique =8

Abinash Adhikari’*, Zbigniew Adamus’2, Ankur Chatterjee3, Anastasiia Lysak’, Michat Pawlak?3, and Ewa Przezdziecka

'Institute of Physics, Polish Academy of Sciences, Al. Lotnikow 32/46, 02-668, Warsaw, Poland
International Research Centre MagTop, Institute of Physics, Polish Academy of Sciences, 02-668 Warsaw, Poland
3Institute of Physics, Faculty of Physics, Astronomy, and Informatics, Nicolaus Copernicus University, Grudziadzka 5, 87-100, Torun, Poland

resistivity, and high exciton binding energy.

CdMgO) which in turn can be used in many wide spectral range applications.

Introduction

- Oxide semiconductors are promising candidates for optoelectronic applications because of advantages like large bandgap energy, and high mechanical and chemical stability.
« CdO is one of the oldest known semiconductor oxides that have been studied widely because of its high electron concentration, high transparency, high electron mobility, low

- Development of advanced growth techniques and in situ characterization methods allowed not only to grow high-quality CdO layers but also related ternary alloys (such as ZnCdO and
« Plasma-assisted molecular beam epitaxy (PA-MBE) allows the most precise control of growth parameters, such as growth rate, and flux of Cd, which could be monitored by a variety

of in situ characterization techniques such as flux monitor, laser reflectometry, and desorption mass spectroscopy.
 In this work, we have investigated a series of CdO and CdMgO layers grown on m-plane sapphire and quartz substrate using PA-MBE technique.

Methodology
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Fig.1. Schematic representation of (a) oxide MBE setup (b) photothermal radiometry setup

«CdO and CdMgO random alloys were grown using plasma-assisted MBE technique (PA-
MBE) on m- plane sapphire and quartz substrates respectively

 The following characterization were performed:
 Optical study = UV-Vis spectroscopy

O Electrical study-> Hall measurement

O Thermal study-> Photothermal infrared radiometry

Results and Discussion

1. Optical study
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Fig.2. (a) transmittance spectra(b) a2 plot as a function of energy (hv), and (c) a'/2 plot as a function of
energy (hv) for CdO alloys on the quartz substrate.
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2. Electrical study CdMgO alloys.
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mobility with temperature of CdO/m-Al,O,
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Fig.5. Schematic bandgap representation
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Fig.6. (a)Bandgap shift as a function of carrier concentration
(b) Intrinsic bandgap with change in Cd flux

3. Thermal study
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Conclusions

v Pure CdO layer and CdMgO layers were grown on m-plane sapphire and quartz
substrate using PA-MBE technique.

v The direct bandgap varies from 2.1 eV to 2.33 eV whereas the indirect bandgap varies
from 1.6 eV to 1.97 eV for pure CdO layers with a change in Cd flux

v" The shifting of bandgap toward higher energies depends upon n and is acquired by
combining the effect of bandgap widening (BGW) and bandgap narrowing (BGN) effects.

v" C2 shows maximum n of 1.06 x 102° cm=3 and C6 shows maximum p of 352 cm?V-1s1

v Optical bandgap (both direct and Indirect bandgap) increases with an increase in Mg
concentration in CdMgO alloys.

v Thermal conductivity and diffusivity decreases with increases in Mg content up to 50%
in CdMgO alloys and started to increase above 50 %, as expected for bulk crystal.
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