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High field magneto-photoluminescence studies of organic and hybrid organic/inorganic semiconductors with tunable spin-orbit coupling
Vardeny, Z.V.; Sun, D.; Zhang, C.; McLaughlin, R. (University of Utah, Physics)
Introduction

When a magnetic field is applied to a semiconductor, the energy levels of the excitons split and shift due to the Zeeman interaction according to the following equation,
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where E0 is the exciton energy at zero field, μB is the Bohr magneton, geff is the effective g factor of the excitons, and c0 is the diamagnetic coefficient. If the excitons are “bright”, meaning that they emit photoluminescence (PL), then the PL emission spectrum may show the split and shift [1]. Measuring the circular polarization of steady-state PL emission at high field and low temperature, the geff parameter can be determined, providing useful information about the spin sublevels and spin-dependent transitions in the material.
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Experimental


We have applied the field-induced circular polarization (FICPO) technique to a 2D hybrid perovskite, namely (MA)x(C6H5C2H2 NH3)2yPbx+yI3x+4y using the SCM-3 magnet up to 17.5 Tesla. The sample was a natural mixture of multilayer quantum wells (MQWs) with various energy gaps. We studied the evolution of the circular polarization as a function of PL wavelength and magnetic field.  
Results and Discussion


As shown in Figure 1(a), the PL spectrum is comprised of a series of peaks that show field-induced circular polarization, P.[2] Moreover we found that P(B) increases with B, reaching ~ 25 % (Fig. 1(b).  In addition we also readily obtained P(B) of each PL peak, which corresponds to MQWs with index, n, that describe the inorganic PbI4 layer thickness. Figure 1(b) shows the P(B) response of n=1 and n=3 PL bands, in which one of them reaches saturation at a relatively low field (<5T), and the other depends linearly on the applied field even at 17.5T.   
Conclusions

We have submitted the manuscript on the circularly polarized PL under high field from CH3NH3PbI3 perovskite to J. Am. Chem. Soc., and are also ready to submit another manuscript about Pt-rich polymers. Meanwhile, we are summarizing the results on 2D hybrid perovskites of natural MQW structure and preparing a third manuscript, which emphasizes the enhanced Rashba-type spin splitting [3] involved in the hybrid perovskites with reduced dimensionality.
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Fig.1 (a) Circular polarization spectrum at T=4K shown in false colors. (b) P(B) response of two PL bands from MQW.








