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Infrared Magneto-Spectroscopy Study of Phase Transition

in InAs/GaSb Quantum Well Bilayers
Jiang, Y.; Jiang Z. (Georgia Tech); Ludwig, J.; Smirnov, D. (NHMFL); Saha, D.; Stanton, C.J. (Univ. of Florida); Hawkins, S.D.; Klem, J.F. and Pan, W. (Sandia National Labs)

Introduction
InAs/GaSb quantum well bilayer system has recently aroused much interest, because it can host novel quantum phases [1] with different band alignment [Fig 1(a)] via changing the relative thickness between two quantum wells [Fig 1(b)]. It has been found that the conduction band of InAs can be tuned from above to below the valence band of GaSb, through a gapless state [Fig 1(b)] where the conduction band meets the valence band at the center of the Brillouin zone. Such tunability promotes InAs/GaSb quantum well bilayer as an important playground for exploring fundamental phenomena such as excitonic insulator and quantum spin Hall effect.
Experimental
To change the relative thickness between the two quantum wells, we fix GaSb to 5 nm and vary the thickness of InAs from 8, 10, 11, 13, to 15 nm. Magneto-transmission spectra through these samples were measured in SCM-3 with a Fourier transform infrared spectrometer in magnetic fields up to 17.5 T.
Results and Discussion

In the normal and critical regions, only one cyclotron resonance (CR) was observed [Fig. 1(c)]. As the system moves into an inverted state, multiple CRs as well as anti-crossing behavior start to emerge [Fig. 1(d)]. Our observation can be attributed to the mixing of the electron and hole Landau levels, which is greatly enhanced in the inverted region. In addition, in the 15nm sample, we observed a hole-like transition at high magnetic fields, indicative of a heavily inverted band structure.
Conclusions
By studying the infrared magneto-transmission of InAs/GaSb quantum well bilayers from the normal to inverted region, we observed multiple CRs developed as the system moves across the critical region where a quantum phase transition occurs. The lack of Landau level mixing in the sample at the critical thickness may be suggestive of the opening of an excitonic gap.
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Fig.1: (a) Band diagram and thickness of each quantum well material. The H0 and E0 represent hole and electron subbands in different quantum wells, respectively. (b) Evolution of the conduction (red) and valence (black) band alignment from normal to inverted region with increasing thickness x of the InAs quantum well. (c,d) Normalized transmission spectra in normal/critical (c) and inverted (d) regions at selected magnetic fields.









