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Strain-Induced Quantum Rings in Nanostructures
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When quantum dots are etched from strained-layer heterostructures, lateral sidewall expansion leads to a
spatially inhomogeneous strain field within the layers and thus a lateral strain-induced confining potential. In
the case of cylindrical vertical quantum dots, a ring-like strain-induced potential will exist near the perimeter
of the dots (Fig. 1, left). We have employed magnetotunneling spectroscopy to probe the strain relaxation and
subsequent strain-induced ring-like confinement in D ~ 100 nm Si/SiGe quantum dots. Quantum ring hole
states confined by the strain-induced potential have been unambiguously observed: the state energy is periodic
in the number of magnetic flux quanta enclosed by the ring orbit when a weak magnetic field is applied
perpendicular to the ring plane — the fundamental signature of a quantum ring. In the smallest dots, Coulomb
charging of quantum ring states has also been studied. Our approach enables the fabrication of nanostructures
with states confined to the perimeter, making unique systems like coupled quantum rings or ellipses accessible
to tunneling spectroscopy.

P T
coaf T s ] oa
E oaf - ] 200 [ - =
@ 02[ E i 1 =
g o1t : F ] &
= U.O_LI ) . 285 |- ] 3 o.0
L ' |z = __F 5
-‘ 1 = Ba2rs | 1 3 __1oof
L 5 =% o =
L=} = N =
| |13 s g 5
L % a. 270 - II'”_I' .. E 50
o f 3 . g <
_-\?_Dg: [
F ‘\//\/’ = 265 [ - @
L r ¥ ]
. -_'mg F e Bias (mv)
PP TR TT Y. 260 | ¥ ‘T 3
-200 100 0 100 200 Lot .

N s
In-plane radius r (A) o 50 100
Magnetic field (mT)

FIG. 1: (a) Inhomogeneous-strain-induced confining potential (left); conductance peak positions reflecting the
periodic energy spectra of the strain-induced quantum ring hole states in a weak perpendicular magnetic field
(middle); current steps near the tunneling threshold, corresponding to Coulomb charging of a quantum ring (right).
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