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Observation of Nonreciprocal Transport in Two-Dimensional Hole Gas
at the Surface of Hydrogen-Terminated Diamond Surface
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Hydrogen-terminated (H-) diamond (Fig. 1) hosts two-dimensional hole gas (2DHG) at its surface.
The triangular potential at the surface gives rise to sizable Rashba-type spin splitting in the E-k dispersion
[1] in the system consisting of light elements, or C and H. Spin-momentum locking in the Rashba-type band
structure results in conversion from an electric current to spin polarization in the transverse direction, which
attracts much attention as a means of realizing high-efficiency charge-to-spin conversion. Magnetic moment
of the polarized spin interacts with magnetic field, and nonreciprocal transport takes place under an external
magnetic field parallel to the spin polarization. In this study, nonreciprocal transport in 2DHG at H-diamond
surface was examined.

In the Rashba system, longitudinal resistance R is expressed as R = Ro{1 + yBexlsin(p)} [2], where y is
a magnitude of the modulation of resistance, Bex is an external magnetic field, / is an electric current, and ¢
represents the azimuthal angle of an external magnetic field to the electric current. Under the external
magnetic field at ¢ = 90 °, an alternative current / = Jp sin(w?) induces the second harmonic resistance
R?*cos(2wt), which is described as

R?® = yBexilo / 2. D

A Hall-bar shaped H-diamond (001) sample with gold electrodes was prepared by using e-beam
lithography and e-beam deposition. A gate voltage Vg was applied by using an ionic gating technique, where
an electric double layer can be formed onto the 2DHG. Figure 2a shows the Bex dependence of the R*® at 5
K, which was measured under the condition of ¢ = 90 °and Vs = -1.8 V. The odd component of the R?® that
is proportional to the Be is noticeable, which signifies successful observation of the nonreciprocal transport.
The slope of the R?®-Bex characteristic (R*® / Bex:) is proportional to the /o (see Fig. 2b) as expected from Eq.
(1). The nonreciprocity is enhanced at lower temperature because thermal fluctuation of spin is suppressed,
and y became the maximum value of 0.22 A-'T-! at 15 K, which is comparable to 0.22 A-'T-! at 2 K in WTez
[3]and 0.52 A-'T-! at 1.5 K in InSb / CdTe [4]. The details will be discussed in the presentation.
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Fig. 1: Structural image of hydrogen- Fig. 2: a) Bext dependence of R*”. Black open dots are
terminated diamond. experimental data, and blue / red solid dots are odd- / even-

components, respectively. b) Jo dependence of R2” / Bext.
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