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Hall measurements on a topological insulator with 65 T pulse-fields
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Introduction

The 3-dimentional topological insulators with spin-momentum locked surface states are interesting candidates for the
quantum Hall effect - QHE. However, the conduction in the crystals usually dominated from the defect-induced carriers
and entangles with surface-states conduction. Recently, we have grown a crystal which entirely bulk insulating of intrinsic
semiconductor nature with bulk resistivity ~ 120 Ohm-cm and hosting high quality surface states. Motivated from the
recent observation of QHE in a topological insulator, we aimed to look for the consequences of QHE state at high
magnetic fields of 65 T, and the signature for fractional-QHE. Another motivation of this work comes from an observation
of the states of “annihilation of Weyl points” at extremely high magnetic fields, in Dirac/Weyl metals. To improve the
sample geometry the measurements were aimed on a focused-ion-beam — FIB fabricated sample in a Hall and resistance
geometry.

Experimental

The bulk single crystals were grown at Princeton University. The freshly exfoliated samples were mounted on a 2 mm
X 2mm quartz substrate and FIBed for Hall and magnetoresistance, MR, geometry, shown in FIG 1 (a). The Hall/MR
measurements were performed at He-3 and He-4 temperatures, in 65 T pulse field facility at the Mag Lab.

Results and Discussion

A micro structured FIBed sample for the Hall and MR and geometry is shown in FIG. 1(a). The MR and Hall signal
were recorded at 3-He and 4-He temperatures. A typical Hall effect signal recorded at 0.75 K is shown in FIG. 1(b). As
expected our sample reached into the quantum limit and we could observe the plateau corresponding to the Hall
resistance of ~12.5 k.Ohm. However, the signal at high field regime becomes noisy and we could not infer the subtle
features of Hall signal. Therefore, we could not collect the appropriate data with the current experimental sample-setup.

We still have to figure out the reason for the abnormalities in the results which we encountered during the cooling-
heating cycles, and source of the noise in our measurements. The sample seems an ideal candidate for the further
experimental plans, as it could be easily pushed into quantum limits even without gating-effects.

Conclusions
The sample could be pushed into a quantum limit with an observation of plateau of 12.5 k.Ohm. The fabricated
device couldn’t produce high resolution data at higher fields.
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Fig.1 (a) A FIBed sample with Hall and MR geometry. (b) Hall signal recorded with 65 T pulse field at He-3
temperature of 0.75 K.




