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We have fabricated quantum rings in a GaAs/GaAlAs heterostructure 2DEG by local 
anodic oxidation with an atomic force microscope. In low magnetic fields we observe 
Aharonov-Bohm oscillations with a period of 60 mT corresponding to an effective ring 
diameter of 300 nm. In the high field regime, between filling factors v = 2/3 and v = 3, we 
observe Aharonov-Bohm oscillations of quantum Hall edge channels with a surprisingly 
large period, AB = 163 mT, corresponding to an edge channel around the inner diameter 
of the ring. 
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1. Introduction 

The measurement of the current through quantum rings in a magnetic field gives 
direct access to the fundamental transport properties of electrons in a ring geome
try. These two-dimensional systems (2DES) contain phase coherent paths that can 
interfere with each other, leading to the Aharonov-Bohm effect1, usually observed 
at low fields.2,3'4 In high magnetic fields a 2DES shows the quantum Hall effect 
and the one dimensional channels are described as edge states. In this regime the 
Aharonov-Bohm effect can be combined with the (fractional) quantum Hall effect.5 

In this paper we will show data of Aharonov-Bohm oscillations in a quantum 
ring, both at low fields and at high fields in the QHE regime. In the latter regime 
the period is different then expected, and corresponds to a phase coherent quantum 
Hall edge channel around the inner diameter of the ring. 

2. Experiment and Results 

The quantum ring sample, shown in figure la, was fabricated by local anodic ox
idation with an atomic force microscope (AFM).6'7'8 The bright oxide lines de-
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Aharonov-Bohm Effect in the Quantum Hall Regime 

Fig. 1. (a) AFM image of the oxidized ring. The white parts are the oxide lines below which the 
2DEG is depleted, (b) Schematic drawing of the ring with the measurement setup. The in-plane 
gates Vg and Vg created by the oxide lines can be used to tune the ring size and coupling to 
source and drain. 

plete the two-dimensional electron gas (2DEG) confined 55 nm below the surface 
of a GaAs/GaAlAs heterostructure. The depletion length of the outer oxide lines, 
Idepi. ~ 80 nm, is estimated from the conductance measurements at zero magnetic 
field and zero gate voltages, where two radial modes are present in the ring. The 
oxide on the inner dot is less pronounced than for the outer lines. Therefore the 
depleted region beneath it is expected to be smaller than the depleted region be
neath the outer oxide lines. The ring has an average lithographic diameter of 350 
nm and is connected to a source (s) and drain (d) by two quantum point contacts. 
The number of electrons in the ring and coupling of the ring to source and drain 
can be regulated by two in-plane gates VG and VG . The sample has a mobility of 
lie = 64.3 m2 /Vs and an electron density ne = 2.8 • 1015 m~2. The measurements 
were preformed with standard ac-techniques in a dilution refrigerator with a base 
temperature of 40 mK. A schematic setup is shown in figure lb. 

Figure 2a shows the conductance of the ring as a function of the gate voltages VG 
= VG = VG . The one-dimensional conductance steps are clearly visible at G = 0.4, 
0.8, 1.2, etc.. The height of the steps can be explained by the two series connected 
quantum point contacts (QPC's) of the source and drain. The small discrepancy 
with the ideally expected steps at G = 0.5, 1, 1.5, etc. is attributed to an extra 
resistance in the arms of the ring and a small background resistance of the 2DEG 
and contacts. 

At low magnetic fields, applied perpendicular to the ring, we observe Aharonov-
Bohm (AB) oscillations (figure 2b) with a period of 60 mT. This corresponds to a 
ring diameter of 300 nm. In reasonable agreement with the effective lithographic 
ring diameter of 350 nm. The small step at B = 0 is a measurement artifact of 
successive measurements after switching the magnetic field polarity. The height of 
the oscillations can be tuned by asymmetric gate voltages and has a maximum of 
0.15 e2/h at a temperature T < 100 mK. Therefore the one-dimensional channels 

In
t. 

J.
 M

od
. P

hy
s.

 B
 2

00
7.

21
:1

40
4-

14
08

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 R
A

D
B

O
U

D
 U

N
IV

E
R

SI
T

Y
 N

IJ
M

E
G

E
N

 U
N

IV
E

R
SI

T
Y

 L
IB

R
A

R
Y

 o
n 

11
/2

7/
12

. F
or

 p
er

so
na

l u
se

 o
nl

y.



1406 A. J. M. Giesbers et al. 

Fig. 2. (a) The conductance through the ring form figure l a in the setup of figure l b at T 
< 100 mK. The steps come from the series connected QPC's of the source and drain and an 
additional resistance from the arms of the ring and 2DEG background, (b) Typical Aharonov-
Bohm measurement with a period of 60 mT, corresponding to a ring diameter of 300 nm. At B > 
0.2 T SdH oscillations are superimposed on the AB-oscillations. 

3. 
rr 

Fig. 3. Typical two-terminal resistance through an open quantum ring as a function of the mag
netic field. Low B: dominated by quantum oscillations in the 2DEG leads. High B: dominated 
by transmission of individual edge channels through the ring. The dashed lines show the ideal 
conductance for fully transmitted edge channels at v = 2, 1, 2/3 and 2/5. The integer channels are 
fully transmitted, the fractional channels are partly reflected. The inset shows a schematic picture 
of the edge channels through the ring for the case of v = 1 where the inverse resistance is exactly 
e2 /h . 

show phase coherent transport through the ring. However a considerable amount 
of phase information is lost by inelastic scattering events in the ring. At higher 
temperatures the oscillations disappear and are almost gone at T = 300 mK. At B 
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> 0.2 T we see the 1/B-dependent Shubnikov-de-Haas (SdH) oscillations of the high 
filling factors in the 2DEG leads superimposed upon the AB-oscillations (periodic 
inB) . 

In the (fractional) quantum Hall regime (B > 3 Tesla, see figure 3) the con
ductance of the ring is dominated by the transmission of individual edge channels 
through the ring, and the AB-oscillations essentially disappear2. The inset of this 
figure shows a schematic illustration of the v = 1 edge channel through the ring. 
Note that there are now two edge channels inside the ring, one connecting the con
tacts and the other around the inner island. In this situation of an open ring, the 
later does not play a role in the transport, therefore the inverse resistance is equal 
to e2/h at v = 1. Decreasing the gate voltages decreases the number of electrons in 
the ring and the coupling to the source and drain, thereby reducing the transmission 
of the edge channels. 

By very careful tuning of the gates it appeared to be possible to reach a regime 
of partly transmitted edge channels, where AB-oscillations become visible in the 
QHE regime. As shown in figure 4 small reproducible oscillations are superimposed 
on the conductance. Surprisingly, their period, AB = 163 mT, is much larger than 
would be expected from the low-field AB-measurements. We tentatively explain this 
observation by a coupling of the outer, current carrying edge channel to the inner 
edge channel. With a radius comparable to the radius extracted form the oscillation 
period, d = 180 nm. In the outer channel itself no phase coherent transport with 
an AB-period comparable to (or slightly less than2) the low field period seems to 
be visible. 
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Fig. 4. Oscillations related to the Aharonov-Bohm effect of quantum Hall edge channels. The 
period of the oscillations corresponds to an edge channel around the inner diameter of the ring, d 
= 180 nm. The inset shows the coupling of edge channels in the ring to the source and drain. 
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An explanation of this unexpected result is tha t the ring becomes asymmetric 

due to the gate-voltages (lower left inset in figure 4). Because both gates are coupled 

to source and drain, these sides compared to the arms of the ring, only influenced 

by one gate, narrow faster when a negative gate-voltage is applied. The asymmetry 

brings the outer edge channel close enough to the inner edge channel at source and 

drain, in order to detect its phase coherence. 

Alternatively, geometric considerations also make it possible tha t the phase co

herent pa th is situated along inner and outer edge channel in one arm of the ring, 

which couple at source and drain (lower right inset in figure 4) . More sophisticated 

structures with individually tunable gates will allow to discriminate between these 

two possible situations. 

3 . Con c lu s ion 

We have fabricated quantum rings by local anodic oxidation with an AFM in a 

GaAs/GaAlAs-heterostructure with a 2DEG 55 nm below the surface. These rings 

show Aharonov-Bohm oscillation with an amplitude of 0.15 e 2 / h proving a phase co

herent channel through the ring. We have also shown tha t the ring shows Aharonov-

Bohm oscillations in the quantum Hall regime with a surprisingly large period. The 

period corresponds to either a phase coherent edge channel around the inner diam

eter of the ring detected by t ransport through the outer edge channels. This can be 

explained by asymmetry of the ring caused by the gate-voltages. Or alternatively 

it could also be possible tha t the inner and outer edge channels in one arm of the 

ring couple to each other and to source and drain, forming a phase coherent closed 

path. 

In future work we will study this effect in more detail using specially designed 

structures allowing for more control over the symmetry of the ring and coupling to 

source and drain. 
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