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Experiments in quantum Hall (QH) systems on the charge transfer between co-propagating edge channels in the limit of high imbalance show the importance of the inner

structure of the edge [1-3]. The inter-channel equilibration takes place along the whole length d over which the edges are in interaction. In all experiments performed to

date the device geometry univocally fixes the value of d. We demonstrate for the first time how a scanning gate microscope (SGM) can be used to realize devices in

which d is continuously tuned. This level of control is crucial to shed light on the microscopic details of edge-edge interaction. In the present work we focus in particular

on the spectral analysis of the equilibration in the non-linear regime.
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Spectral analysis of I-V curves

Electronic setup. The  two central gates define the constriction, while the lateral one acts as an edge selector. 

The sum of transmitted and reflected current is always IA+IB=2(e2/h)V.

The edge trajectories are determined by the electrostatic potential induced by the gates and the SGM tip.

AFM TIP: 

tip-surface  

distance: 40nm
2DEG: 

depth:  55nm                              

e- density: 3.37.1011cm-2             

v=4:   B=3.32T

GATES:

Ti/Au bilayer 

(10/20nm)

Above: Devices with fixed interaction length d: Microscopic

details of the equilibration process cannot be determined.

Right: Exploit the mobile depletion spot induced by the

Scanning Gate Microscope to continuously tune d.

I-V curves in the nonlinear regime

Vth

For fixed values of the interaction length d we can measure the I-V characteristics of the inter-channel charge transfer. All curves show a linear behavior for

small bias and a saturation at the full equilibration conductance for bias larger than a threshold voltage Vth. In previous works Vth was found to be a few mV

smaller than the cyclotron gap [1]. The origin of this reduction is still under debate. Here we follow both the change in zero-bias slope and in Vth as a

function of d on the same device. This evidences for the first time a monotonic reduction of Vth with increasing d.

Model for inter-channel scattering

In each interval dx the current dI is scattered. 

Change in edge potential:

We obtain:

(a) Impurity-induced elastic scattering:

Exponential decay of edge imbalance:

Output current linear in bias imbalance (ohmic):

(b) Inter-Landau level vertical transitions

Electron heating due to injection of hot 

carriers:

Scan at B=0T
Scans at zero magnetic field 
provide a direct visualization of 
the disorder potential landscape 
inside the constriction. 

Finite bias evolution of GB(d). Plot of GB(d) curves for different values of the DC component of the source bias. Notice 

the correspondance between the potential spots in the zero field scan and the bumps in the GB(d) curves. For details, see 

N. Paradiso, S. Heun, et al., Phys. Rev. B 83, 155305 (2011).
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Scan at zero field. SGM scan with V1=V2=V (only DC bias, 100mV). The 

tip voltage is Vtip= - 4V , while the gate voltage is Vg = - 1.7V.

• For small bias: I-V characteristics is clearly 
ohmic.

• Slope gives equilibration length leq (~21 um).
• Fit of full I-V curevs with only one free 

parameter (T1: probability per unit time for 
vertical transition).

• Model captures all relevant features of the 
experiment.

• Gap ħc is constant; reduction in threshold is 
due to electron heating.


