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Introduction

The physical properties of two-dimensional (2D) electrons have been a subject of interest for a long time. Yet
after many years of research, the ground states of a 2D electron system (2DES) in the presence of disorder and
electron-electron interaction, a realistic situation in experiments, remain an open question. Recent observations of
a downturn in conductivity at low temperatures in a Si/SiGe quantum well [1], Si-MOSFETs [2,3], and 2D holes in
GaAs [4-6] seem to suggest that disorder plays an important role in the so-called 2D metal-insulator transition
(MIT) and at T - 0 2DES may eventually become insulating. In this experiment, we focus on the downturn
behavior as a function of spin polarization, which is varied by an in-plane magnetic field.

Experimental

The 2DES is capacitively induced in an insulated-gate field-effect transistor (IGFET) device on an undoped
Si/SiGe heterostructure, grown in an ultrahigh-vacuum chemical-vapor-deposition (UHVCVD) system. Ohmic
contacts were formed by alloying AuSb into the heterostructure. The electron density n is tuned by biasing the
front gate, which consists of a stack ofAl203, Cr, and Au. Low-temperature transport experiments were performed
using standard low-frequency lock-in techniques.

Results and Discussion

The results of ox as a function of temperature are shown at B = OT and the in-plane magnetic field of 4T where
the 2DES has become polarized. In both cases, there is clearly a downturn in conductivity and the downturn
temperature increases with increasing in-plane magnetic field. These results suggest that in addition to disorder
the spin polarization of 2DES also plays an important role in 2D MIT.

Conclusions
The experiment provides the first observation that the downturn temperature

in 2D conductivity in Si/SiGe quantum wells depends on the spin polarization. M { Vg = 0734V ]
Acknowledgements 12r B=or 1
This work was supported by the U.S. DOE, Office of Basic Energy Sciences, s M 1

Materials Sciences and Engineering Division. Sandia National Labs is a
multi-mission laboratory managed and operated by Sandia Corporation, a
wholly owned subsidiary of Lockheed Martin Corporation, for the U.S.
Department of Energy’s National Nuclear Security Administration under
contract DE-AC04-94AL85000. A portion of this work was performed at the
High B/T facility of the National High Magnetic Field Laboratory, which is

09 -

08 l
P00 125)) o3
g
2
)

(arb. units)

o,
xx

0.7

06 |- =
in-plane

supported by National Science Foundation Cooperative Agreement No. DMR- o5
1157490, the State of Florida, and the U.S. DOE. oap T
References T

[1]1T. M. Lu et al,, Phys. Rev. Lett. 107, 126403 (2011).

[2] O. Prus et al., Phys. Rev. Lett. 88, 016801 (2001). Fig. 1 ow as a function of

[3] N. N. Klimov et al., Phys. Rev. B 78, 195308 (2008). temperature at the gate voltage of
[4] A. R. Hamilton et al., Phys. Rev. Lett. 82, 1542 (1999). V¢=0.734V. The arrows mark the
[5] M. Y. Simmons et al., Phys. Rev. Lett. 84, 2489 (2000). downturn temperature at B=0T
[6] J. Huang et al., Phys. Rev. Lett. 98, 226801 (2007). (~0.24K) and at Binpune = 4T

¥ U.S. DEPARTMENT OF

@ Sandia National Laboratories ENERGY




