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1.   Introduction 

  Since its first experimental observations1,2, 
the Aharonov-Bohm (AB) effect in electron 
transport has been extensively studied in a 
wide range of mesoscopic conductors not only  
in the diffusive metallic transport regime but 
also in the ballistic (or semi-ballistic) 
transport regime realized in high mobility 
two-dimensional electron system (2DES) in 
semiconductor heterostructures.  
  The AB effect is a manifestation of 
quantum interference effect and shows up as 
oscillatory resistance of a ring-shaped sample 
at low temperatures as a function of external 
magnetic field. It is customary to distinguish 
two types of the AB effect: The 
Altshuler-Aronov-Spivak (AAS) effect (h/2e 
oscillation) is attributed to interference of a 
time-reversed pair of electron waves. As long 
as the spin-orbit effect is small, the AAS 
interference is always constructive at zero 
magnetic field. By contrast, the phase of the 
AB interference (in its narrower sense), which 
is responsible for h/e oscillation, is sample 
specific. This fundamental difference is 
highlighted in an assembly of identical rings. 
While the AB interference effect tends to be 
smeared by the random phase averaging in 
such a system, the AAS effect is immune to 
the ensemble averaging, as demonstrated 
experimentally3. 

  Antidot lattices fabricated from 2DES 
constitute another interesting class of systems 
to study the AB effect. An antidot lattice can 
be viewed as a network consisting of many 
rings. The first observation of the AB 
oscillation in antidot lattice was made by 
Nihey et al.4 and by Weiss et al.5 They 
detected B-periodic small oscillations 
superposed on the commensurability peak of 
magnetoresistance in square antidot lattices. 
Later, the AAS oscillation was observed in 
triangular antidot lattice6.  
  When one was reminded that dephasing of 
the AB interference should occur in an array 
of rings due to ensemble averaging, the very 
fact that AB oscillation could be observed in 
antidot lattice of macroscopic overall size, 
was rather surprising. Subsequent theoretical 
studies have attributed the effect to oscillatory  
fine structure of the density of state spectra, as 
calculated, for instance, by periodic orbit 
theory. For this reason, it is customary to call 
the effect AB-“type” oscillation so as to 
distinguish it from the ordinary AB effect in 
the single ring case. There is an intermediate 
case of finite antidot lattices7, in which a 
small number of antidots constitute a 
mesoscopic size system that becomes phase 
coherent as a whole at low enough 
temperatures.  
  Despite a great deal of the theoretical 
efforts8, full understanding of the physical 



origin of the AB-type oscillation in 
macroscopic antidot lattice is yet to be worked 
out.  
  We have investigated the AAS and 
AB-type oscillations in triangular and square 
antidot lattices both near zero magnetic field 
and in high fields. Due to the page limitation, 
we focus on the low field behavior in this 
paper. Various aspects of the AB-type 
oscillation effect in the quantum Hall regime 
are discussed elsewhere9,10.  
 

2.   Experiment 

The samples used in the present study were 
fabricated from a GaAs/AlGaAs single 
heterostructure wafer with electron density n= 
3.8x1015 m-2 and mobility µ= 60 m2/Vs. Using 
electron beam lithography and shallow wet 
etching, triangular and square arrays of 
antidots as shown in the inset of Fig. 1 were 
fabricated on the active area of Hall bar 
samples with AuGe/Ni Ohmic contact pads. 
The lattice period was a= 1 µm and the 
antidot diameter was d= 600nm. Because of 
the depletion region of width ~100nm around 
each dot, the effective antidot diameter 
becomes d*~800nm, leaving the effective 
width of the narrowest part of the channel 
between the antidot ~100nm. The 2DES 
density was controlled by a Au−Ti Schottky 
front gate, which also changed the effective 
channel width. For the “large” array samples 
the total number of antidots was ~104, while 
for the “small” array samples it was ~50.   

Transport measurements were made by a 
standard ac lock-in technique at 13Hz. The 
sample was directly immersed in the 3He-4He 
mixture of the mixing chamber of a dilution 
refrigerator at a base temperature 30mK. 
Magnetic fields up to 15 T were applied 
perpendicular to the 2DES plane.  
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Figure 1. Inset: The left figure is a schematic potential 
landscape for electrons in an antidot lattice. The right 
panel shows an SEM image of the triangular lattice of 
antidots. The lattice constant is a= 1 µm and the antidot 
diameter is d= 600nm. Main Panel: Magnetoresistance at 
30mK. 

3.   Results and Discussions 

  The main panel of Fig. 1 shows the 
magnetoresistance trace of the large array 
triangular lattice sample. The effect of the 
antidot array is most prominent in the 
enhancement of zero-field resistance and the 
large negative magnetoresistance in the low 
field range. By contrast,, the overall shape of 
the magnetoresistance trace in the high field 
regime, i.e. the Shubnikov-de Haas oscillation 
and the quantum Hall effect, is not so 
different from those of unpatterned 2DES 
samples. However, when the fine details of 
the trace exhibits different kinds of oscillatory 
behavior.  
  The inset of Fig. 2 is an expanded view of 
the peak at zero field of the trace in Fig.1, 
which clearly shows oscillatory behavior. In 
order to highlight the oscillatory part, the low 
field magnetoresistance with the smooth 
background subtracted, are shown in the main 
panel. Oscillations with two distinct 
frequencies are readily recognized. The rapid 
oscillation at around zero magnetic field has a 
period h/2eS=2.6mT ( ( ) 22 m80.023 µ== aS  
being the unit cell area of the triangular 
lattice) and has a maximum at zero magnetic 
field, so it is identified as the AAS oscillation. 



The smaller amplitude oscillation at 
somewhat higher field has a period 
h/eS=5.2mT, and is the AB-type oscillation. 
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Figure 2. Inset: Magnetorestance traces of the triangular 
lattice sample at low magnetic field. Main Panel; The 
oscillatory part of the magnetoresistance highlighted by 
subtracting the smooth background. The AAS (h/2e) and 
the AB-type (h/e) oscillations are clearly identified. 
 
  Similar phenomena were also observed in 
the square lattice samples. It is worth noting 
that the earlier studies4-6 have reported that the 
low field magnetotransport behavior is quite 
different between the square and the 
triangular antidot lattices. For instance, the 
AAS oscillation was observed only in the 
latter, and the former showed a slightly 
positive magnetoresistance with a “matching” 
peak while a large negative magnetoresistance 
characterized the latter. These differences 
have been attributed to the fact that the 
ballistic electron trajectories tend to be more 
strongly back-scattered in the triangular lattice 
than the square lattice. While such differences 
in behavior is manifest among samples with 
small to intermediate values of aspect ratio, 
the difference tends to diminish for systems 
with larger aspect ratios (i.e. narrower 
channel) such as those studied here. 
 
  In order to study the decoherence 
mechanisms in these systems, we measured 
the temperature dependence of the amplitude 
of the AAS and AB oscillations. Figure 3 
shows the temperature dependence of the 

AAS oscillation observed in the square lattice 
sample.  The data can be fitted to the 
following functional form reflecting the 
temperature dependence of the inelastic 
scattering time pT −∝τ . 
 
  ( )pTA α−∝ expAAS    (1) 
 
with p~1.6. Our earlier study9 on triangular 
lattices have yielded a similar exponent p~1.5 
and 1.1.  
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Figure 3. (a) Magnetorestance traces of the square antidot 
lattice sample at different temperatures. The inset shows 
the AAS (h/2e) oscillation around zero magnetic field.  
(b) Temperature dependence of the AAS oscillation. The 
solid curve is a fit to the functional form exp(-αT p) 

 
  The AB-type oscillation in antidot arrays is 
attributed to oscillatory fine structure in the 
density of states of the system8, and its 
temperature dependence is expected to arise 
from temperature smearing of the density-of- 
state feature. Figure 4 shows the AB-type 
oscillation in the square lattice sample at low 
magnetic fields. The temperature dependence 
of the amplitude in this case is fitted to the 
functional form 
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which is shown by the solid curve. In our 
earlier study on triangular lattice samples, we 
found that the experimental results show some 
deviation from the above functional form, i.e. 
saturation of AB-type oscillation amplitude 
for 0→T  was found to be slower than 
eq.(2). We attributed it to the temperature 
dependence of the phase coherent area9. The 
present result on the square lattice is 
somewhat at variance with the previous result, 
and appears to be explained rather simply by 
thermal smearing. The origin of the different 
experimental outcome is unknown at the 
moment. 
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Figure 4. Inset: The AB-type oscillation in the square 
antidot lattice sample.  Main panel: The temperature 
dependence of the amplitude, the solid curve represents a 
fit to a functional form aT/sinh(aT). 

 

4.   Conclusion 

We have studied quantum coherent oscillatory 
phenomena in antidot arrays with triangular 
and square symmetries. The difference in the 
lattice symmetry becomes less important for 
antidot arrays with larger aspect ratios. The 
temperature dependence of the AAS 
oscillation reflects that of the inelastic 
scattering time. On the other hand, the 

temperature dependence of the AB-type 
oscillation is understood in terms of thermal 
smearing of oscillatory fine structure in the 
density of states. 
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