Ferromagnetism and Topological Insulators - A Love-Hate Relationship
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Topological insulators (TIs) have caught the attention and captured the imagination of condensed
matter physicists, materials scientists, and electrical engineers alike, as they promise dissipationless
carrier transport at room-temperature. TIs host a gapless surface state protected by time reversal
symmetry (TRS), with pair-wise counter-propagating channels of spin-polarized electrons of opposite
alignment. They have great potential for applications in the fields of spintronics and quantum
computation. Further, there are intriguing predictions of a topological magneto-electric effect, a
unique coupling between magnetic and electric fields that makes these materials excellent candidates
for the next generation of electronic devices.
The principal strategy for making practical use of TIs is believed to be by combination with
ferromagnetic (FM) materials. Introduction of magnetic order leads to TRS breaking, resulting in a
gap opening at the Dirac point. This is the crucial criterion for the realization of many interesting
phenomena such as the Quantized Anomalous Hall (QAH) effect and the topological magneto-electric
effect as TRS breaking makes the massless Dirac electrons become massive and can change the spin
orientation of the surface states near the Dirac point. Our research strategy is built on combining bulk
crystal and thin film growth of ferromagnetically (FM) doped TIs and FM-TI hybrids with
sophisticated structural and magnetic characterization techniques to establish and explore new
materials for practical TI applications. Here, I will review our work on transition metal1,2,3 and rare
earth doping4 of epitaxial TI thin films and bulk crystals and discuss the magnetic and structural
properties of the materials.
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