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Polarization resolved photoluminescence spectral images in 

panel (b) & (c) of a single GaAs nanowire of mixed wurtzite-

zincblende phase, at 4.5K. The nanowire, seen in panel (a), 

was grown in Paul Drude Institute, Berlin 

What we do  

Our research involves the study of electronic band structure of 

semiconductor materials and physical properties that derive 

from it. An understanding of such properties is crucial for 

electronic and opto-electronic device applications. We employ a 

variety of optical spectroscopy techniques and have studied 

group III-V semiconductors such as GaN and GaAs families, 

with emphasis on nanostructures such as Quantum Wells, 

Wires and Dots. Our recent studies have been on the new class 

of 2-dimensional mono-layer transition metal dichalcogenide 

semiconductors such as MoS2. 

Low dimensional semiconductor systems 

Semiconductor materials can be grown in nanometer 

dimensions with high crystalline quality using modern 

epitaxial growth techniques. The small size can lead to 

"quantum confinement" of electrons and holes resulting in 

fewer accessible energy states, unlike continuous energy 

bands in a 3-dimensional (3D) solid. Such structures can 

be categorized as super-lattices, quantum 

wells/wires/dots depending on the number of dimensions 

in which the carriers are confined. Transition metal 

dichalcogenides such as MoS2, which can exist as stable 

mono-layers, represents another type low dimensional 

(2D) system. 

Tools & Techniques 

We use spectroscopic techniques such as absorption, reflection, 

Raman, photo/electro luminescence, photo-voltage/current and 

modulation techniques such as electro-reflectance, ellipsometry and 

magneto-optic-Kerr-effect spectroscopy. The setups we have built 

consist of monochromators, light sources including lasers, detectors, 

specialized optical components and measurement electronics. 

Measurements can be done in the wavelength range of 250nm - 

14000nm covering the UV-VIS-NIR-MIR-FIRrange. The sample 

temperature can be varied in the range 4.5K - 400K in magnetic 

fields up to 7T, with high spatial resolution down to ~1.5m.  

Quantum confinement can lead to dramatic changes in material properties. For instance the bandgap, a fundamental 

property of a semiconductor, can change. Sometimes structural changes in nano-materials can lead to interesting 

effects such as strongly polarized emission from the wurtzite phase of GaAs which form when GaAs is grown in the 

form a nano-wire (see adjacent figure). Understanding such properties is essential for designing semiconductor 

devices, especially opto-electronic devices such as lasers and light emitting diodes, with significantly improved 

characteristics. We use optical spectroscopy to study such electronic band structure changes where we glean 

information from not just the photon energy, but also from the material’s sensitivity to the polarization state of light. 
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