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prologue

Averaging of mesoscopic effects

C. P. Umbach et al, Phys. Rev. Lett. , 56, 386(1986)
Because of phase mixing mesosc
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Energy spectrum of an electron on a square
lattice in a magnetic field

ma md D
g f :5 = reduced flux

= 0

For all rational
values of f, the
spectrum forms
continuous bands

D. Hofstadter



The T, lattice




Energy spectrum of theT; lattice

(J. Vidal, R. Mosseri, B. Doucot, Phys. Rev. Lett., 81, 5888 (1998
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The Aharonov-Bohm cage

Magnetic field induced localisation phenomenc




Superconducting network

1/6 1/3 1/2 2/3 5/6

« Direct mapping of the GL equation

and the tight-binding model 2l

« Critical temperature of a
superconducting wire network
reproduces the bottom of the
energy spectrum

— Al network (LETI-PLATO)

— 1000 x 600 um
— wire length = 1um

JH) ) LT

0, 02r

0, 01f

(Tco :

— wire width =0.1 pm
— Al thickness = 40 nm

C.C. Abilio, P. Butaud, T. Fournier, B.
J. Vidal, S. Tedesco and B. Dalzatto, PR]



Does this localization effec
are connected?



[Landauer formalism
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Energy averaged transmissio

One channel per bond
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Effect of disorder on Aharonov-Bohm cages

kAl <—>  Mimic the disorder potential
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T, lattice in the AlGaAs-GaAs system

High mobility electron gas undoped

 Low disorder [~7 um

 large phase coherence length Ly, ~20um
« High resistance dG=-0R/R?

Mobility ~ 100 m?V-!s-!
Electron density n ~ 3 10!! cm
Fermi wave length ~ 60nm

-

quasi ballistic regime
very weak disorder
small channel nu



Sample processing
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Unit cell 0.8um?




Resistance (kQ2)

Magnetoresistance of the T;lattice

T=50mK




200

150

100

50

AR (Ohm)

20

10

Fourier Amplitude

|

0,4 0,5 0,6
Magnetic field (Tesla)

0,7

0.0182 Gauss™' (55 Gauss) I

Clear h/e peak
Typical amplitude 0.02¢%*/h

For a single cell one
typical amplitude



— Mel40200 T, Lattice 250V 3'

other samples 8

Fourier Transform

i MUY SSTRIPLY
0,00 0,05 0,10 0,15 0,20
1/B (Gauss™)

ourier transform



For all measured samp
than one order of

This 1s of the

Magnetoresistance of the square lattice
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Magnetoresistance of a triangle lattice




Characteristic lengths and
temperature dependence

For an A-B ring when L, ;= L. > Ly 0G0 etk

AsLy,~TP ——> exponential decay of 0G,,

When L_< L, temperature averagi

The change of regi



Temperature dependence of A-B oscillations

constant Thermal averaging Exponental decay
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kyT = Ex, Lo(T)=L




Normalized at 50mK
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Temperature dependence results

T*p; ~ 0.05K T = i

single loop

T3 single loo
L. o> L

Using Ly, ~ T-13 (1D ¢



Magnetic field dependence of the oscillations
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Ry o0 <8kQ no Coulomb
expected

Doubling of the frequency at high mag
field :

1)doubling of the flux
AAS, harmonique

2) doubling of the char

e-¢ interactions
J. Vidal, B. Dougot, R. M

Phys. Rev. Lett., 8



Temperature dependence of h/2e oscillations

I
o h/e _single loop I

Fourier Amplitude (a. u.)




Samples with an electrostatic gate

—

depletion




Amplitude of the oscillations versus the
channel number
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What 1s the nature of the h/2e signal?

One-dimensional wire
AAS oscillations are usually magnetic fields, bu

destroyed by magnetic field ——» of the peak is
because of aspect ratio

electron-electron interactions

Landau level effect (C. E



Edge states in QH regime
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Need more experiments

*Change interaction strength: low density

*Other geometries



More disordered systems: the metals

Effect of the disorder: Au, Cu and Ag samples

4
W)

No significant h/e signal has beg
detected

(CRTBT 10 OR/R r¢
sensitivity of the cage ¢




Conclusions

* First observation of h/e oscillations 1n a 2D lattice

» Agreement with theoretical predictions for the T3 lattice

amplitude compared to the square lattice

» Temperature dependence confirms the role of the ca

 No oscillations in metal samples: role of disorder

» Unexpected frequency doubling at high magn
esame T dependence : linked to cage
*no signal for single ring
different behavior with chanel
field regime
clectron-electron intera

New interests for latti

systems

Use of low densi

Other topologice




Evidence of edges states on the whole lattice
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AAS OSCILLATIONS

Square Lattice :

Triangular lattice :

@ Magnetic Field (Tesla)
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Ac\
0$
Gate Voltage :
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T, lattice :

Gate Voltage :
Vg= 0.30V R, ,=922.7 ()
V=020V R, =1.124
V= 0.15V R, =1.294
W= 0.10V R, =1.669
\"'; 0.05V R, =2:504; kQQ



QHE in the Square lattice :
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