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Fig. 1. (a) Schematic of Si/SiGe heterostructure on Si (001); (b) STEM-HAADF of SiGe/Si QW /SiGe/Si heterostructure grown by
MBE; (c), (d) EDS of Si and Ge distribution around quantum well; (e) magnified STEM-HADDF of SiGe/Si/SiGe; (f) atomic-scale

STEM-HADDF image of the Si/SiGe interface.
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Fig. 2. (a) Surface morphology of the heterostructure measured by AFM; (b) RSM around the asymmetric (2,3, 4 ) direction of the

heterostructure.
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Fig. 3. (a) Optical microscope diagram and cross-sectional schematic view of Hall device; (b) carrier density and mobility as a func-
tion of the gate voltage V,; (c) density-dependent mobility; (d) density-dependent conductivity, the dashed line is a fit based on the
percolation theory; (e) transverse Hall resistivity and longitudinal resistivity as a function of the magnetic field.
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Fig. 4. (a) Longitudinal resistivity as a function of magnetic field for different temperatures; (b) oscillation amplitude of the longi-

tudinal resistivity as a function of the magnetic field; (¢) Ap,,/Ap,y for different temperatures, different colors represent different

magnetic fields from 0.55 T to 0.82 T, dashed lines are the fits for extracting effective mass; (d) effective mass as a function of the

magnetic field at various densities.
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Abstract

Silicon-based semiconductor quantum computing with spin as the encoding unit is compatible with
traditional microelectronic processes, easy to expand, and can improve isotope purification and decoherence
time, thus attracting much attention. There are fewer reports on the work related to undoped Si/SiGe
heterostructures grown by molecular beam epitaxy than those on chemical vapor deposition. An undoped
Si/SiGe heterostructure is grown by molecular beam epitaxy (see the attached figure below). The results from
scanning transmission electron microscopy and energy-dispersive spectroscopy mapping show an atomic-scale
interface with a characteristic length of 0.53 nm. The surface root-mean-square roughness measured by atomic
force microscope is 0.44 nm. The X-ray diffraction data show that the Si quantum well is fully strained and the
in-plane strain is 1.03%. In addition, the performance of the two-dimensional electron gas is evaluated by low-
temperature Hall measurements, which are conducted in the Hall-bar shaped field-effect transistor. The peak
mobility is 20.21x10* cm?V !-s! when the carrier density is about 6.265x10'" c¢cm 2 at 250 mK. The percolation
density is 1.465x 10" c¢cm 2. The effective mass of the two-dimensional electron gas is approximately 0.19m,. The
power exponential between carrier density and mobility at
different gate voltages is 1.026, and the Dingle ratio of the
two-dimensional electron gas is in a range of 7-12, indicating
that the electrons are scattered by background impurities and

semiconductor/oxide interfaces charges. The atomically sharp

Sio.73Geoor

interface of Si/SiGe heterostructures created by molecular
beam epitaxy is beneficial for studying the valley physics Si QW
properties in silicon. The structural and transport
characterizations in this paper lay the foundation for the Sl
optimization of Si-based semiconductor quantum dot quantum

computing materials.
Keywords: Si/SiGe heterojunction, two-dimensional electronic gas, Hall mobility, Si-based quantum

computing
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