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The origin of the ‘metallic’ behaviour of high-mobility 2D electron and hole gases (2DEG,
2DHG) has been attracting much attention in the last years [1], mainly due to the fact that the
increase of the resistance with increasing temperature is in contradiction with the scaling theory
of localisation [2]. As this theory does not take into account electron-electron interactions, their
role in these systems has to be examined. The established theory [3] of the interaction correction
to the Drude conductivity δσee(T ) was developed for the ‘diffusive’ regime, kBTτ/h̄ < 1 where
τ is the momentum relaxation time, and is not applicable to the high-mobility systems in the
‘ballistic’ regime, kBTτ/h̄ > 1. Fortunately, a new theory [4] makes the required bridge between
the two regimes.

We study the interaction correction in the intermediate and ballistic regimes in different 2D
systems where the parameter kBTτ/h̄ changes from 0.1 to 10. The temperature dependence of
the resistance and magnetoresistance in parallel and perpendicular magnetic fields are analysed
in terms of recent theories of electron-electron interaction in systems with different degree of
disorder and different character of the fluctuation potential.

For the theory [4] it is essential that the interacting electrons are scattered by a short-
range potential – this condition is realised in our 2DHG in GaAs [5] and 2DEG in Si [6].
The obtained results are in agreement with theory and show a significant contribution of the
interaction correction to the ‘metallic’ ρ (T ) near the ‘metal’-to-‘insulator’ transition and also
to the positive parallel-field magnetoresistance.

The condition of short-range scatterers is not realised in the studied 2DEG in GaAs [7]
where a long-range scattering potential is dominant. In this case the interaction correction
[4] is strongly suppressed, but becomes detectable if a strong ωcτ > 1 perpendicular field is
applied. For this structure we analyse, in terms of the recent theory [8], the temperature
dependent negative magnetoresistance and find the value of the interaction correction δσee(T ).
We compare the value of the Fermi-liquid interaction constant F σ

0 , which determines the sign
of ρ(T ), in all studied structures.
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