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Abstract. Hydrodynamic electron transport through point contacts of different widths in 

two-dimensional electron gas in GaAs/AlGaAs heterostructure is studied. Effect Gurzhi, i.e., 
minimum in the temperature dependence of the point contact resistance, corresponding to the 
conductance exceeding the ballistic limit, is experimentally observed. The minimum is shown 
to be observed in case when electron-electron scattering length is comparable with the point 
contact width. Under this condition, electrons act as viscous fluid, that leads to the resistance 
reduction. The experimental data including the width dependence are consistent with the the-
oretical prediction of the viscous contribution to the point contact conductance.
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Аннотация. Исследован гидродинамический электронный транспорт через точечные 

контакты различной ширины в двумерном электронном газе в гетероструктуре 
GaAs/AlGaAs. В температурной зависимости сопротивления точечного контакта 
наблюдается минимум, соответствующий кондактансу, превышающему баллистический 
предел. Экспериментальные данные согласуются с теоретическим предсказанием 
вязкостного вклада в кондактанс точечного сужения.
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Introduction

Electron-electron (e–e) interaction is shown to have significant impact on mesoscopic electron 
transport in case when e–e scattering length lee is comparable with characteristic size of the 
system w [1–12]. At the same time, the effects associated with e–e interaction, because of 
their many-body origin, are difficult to describe. Hydrodynamic approach can simplify the e–e 
interaction description by considering electrons as viscous fluid [13–15]. Hydrodynamic electron 
transport is overviewed in details in [16,17].

Due to total momentum conservation during e–e collisions, specific conditions are required for 
the hydrodynamic effects to be observed. Gurzhi showed [18] that, in case of ballistic conductors 
with long momentum relaxing length l >> w, when lee ≲ w correlations in the electrons motion act 
as a lubricant and prevent the momentum loss on the boundary roughness – the main momentum 
dissipation place. This effect leads to the resistance reduction, which has been experimentally 
proven in graphene [19] and GaAs [20]. 

In this work we present the experimental study of the hydrodynamic electron transport in 
the point contacts (PCs) based on the GaAs/AlGaAs heterostructure with an emphasis on the 
width dependence. We studied the temperature dependence of the resistance of 7 PC of different 
width. In the experiment we observe the PC resistance reduction below the ballistic limit with 
increasing temperature up to a certain value of about 20 K. For quantitative description of this 
effect, we employ the recent theory [21] predicting that the PC conductance enhancement due 
to the lubricant effect ΔG = Gvis is defined by the formula:

 
(1)

where n = kF
2/2π is the electrons density, kF is Fermi quasiwavevector, e, h are the elementary 

charge and Planсk’s constant, respectively and the electron liquid viscosity expressed as 
η = hkFnlee / 8π [21]. The result of the measurements confirms this prediction.

Materials and Methods

Experimental samples are created from GaAs/AlGaAs heterostructure grown by molecular beam 
epitaxy on a GaAs substrate (Fig. 1, a). Doping the heterostructure with Si δ-layers allow electrons 
to fill the quantum well at the heterointerface and form two-dimensional electron gas (2DEG). The 
mobility and concentration of electrons at T = 4.2 K are μ = 0.8·106 cm2/(V·s) and n = 2·1011 cm–2, 
respectively. Momentum relaxing length at this temperature is l = 5.9 µm. The quality of 2DEG in 
this structure is also confirmed by the observation of the quantum Hall effect [24].

Seven PCs of different lithographic width wlith, changing from 0.7 to 1.3 µm with the step 
of 0.1 µm, are created using e-beam lithography. The effective PC width w = wlith– w0, with the 
depletion layer thickness w0 considered, is lower than wlith. We defined w0 for all PCs from the 
resistance measurements at low temperature and relations (2–3) in the “Discussion” section. It 
was found out, that w0 is universal for all PCs and equal 0.4 µm. Hereby, the PC effective width 
w = wlith – w0 varies from 0.3 to 0.9 µm. PCs are located on the Hall bar in series (Fig. 1, b). All 
PCs have a length of 0.6 µm. Both width and length of PCs are smaller than l, so all PCs can be 
considered ballistic.

Resistance measurements were performed in the cryostat in the temperature range from 4 to 
65 K by means of lock-in technique at frequency of 7 Hz and the excitation current amplitude 
of 100 nA (Fig. 1, b).
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Fig. 1. Schematic images of heterostructure with 2DEG doped with Si δ-layers (a) and experimental 
sample with point contacts (b). Point contact lithographic width wlith varies from 0.7 to 1.3 µm

a) b)

Results

Fig. 2, a shows the temperature dependence of the PC resistance. It is clearly seen, that, 
for all PCs, the resistance first falls at temperatures ≲ 20 K and then monotonically increases, 
demonstrating the minimum. We attribute the observed resistance reduction to Gurzhi effect 
[18]. The minimal resistance is lower than the low-temperature ballistic PC resistance due to 
the momentum loss suppression at the PC boundary, induced by the lubricant effect [21]. This 
effect is expected under the condition lee ≲ w << l [18]. As will be shown below, this condition is 
fulfilled for studied PCs in the resistance minimum. 

Dotted line in Fig. 2, a shows that the resistance minimum position depends on the PC width w. 
The minimum shifts to the higher temperatures for smaller w. This trend is shown in details on 
the dependence of the resistance minimum position Tmin on the w on a quadratic scale (Fig. 2, b).

Fig. 2. Temperature dependence of PC resistance of different width w (a). Solid lines show experimental 
data and dashed lines show approximation by model (4). Dotted line shows that resistance minimum 
shifts to lower temperature as w increases. Resistance minimum point Tmin in quadratic scale as 

function of w (b). Experimental data are shown by circles. Linear approximation is shown by line

a) b)

Discussion

A solid line in Fig. 2, b points to the linear relation between T2
min and w that can be explained 

by the temperature dependence of lee. The minimal resistance is achieved when the e–e scattering 
rate is comparable with the rate of the momentum relaxation scattering [18]. In our case it means 
that lee ~ w. Since lee ∞ T–2 [22, 23] we have the dependence w ∞ T–2

min.
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The resistance measurements R(T) accounting viscous contribution Gvis can be presented as:

 
(2)

wherе the first term R2DEG is the resistance of the macrocsopic 2DEG regions adjacent to the 
constrictions, and the second is the PC resistance including viscous Gvis and the ballistic Gball PC 
conductance at zero temperature. The additive form of Gball and Gvis in (2) is applicable for the 
entire temperature range studied [21]. At low temperature, when electron transport is ballistic, the 
PC conductance is defined by the formula:

 
(3)

To describe the viscous contribution to the PC conductance, the formula (1) can be rewritten 
with fitting parameter T0:

 
(4)

We use the following form of the temperature dependence of R2DEG:

 
(5)

where R0, Tph are fitting parameters. Here R2DEG is defined by impurity scattering R0 and phonon 
scattering R0(T/Tph). Quadratic temperature dependence of Gvis follows from Gvis dependence on 
lee: Gvis ∞ lee

–1 and lee ∞ T–2. The result of the approximation (4–5) is in acceptable agreement with 
experimental data (see dashed curves in Fig. 2, a).

Further, the results of the approximation (4) were used to obtain Gvis, which is shown in 
Fig. 3, a as the function of temperature. It is noteworthy, that in case when Gvis is divided by w2 all 
the curves corresponding to different w collapse into one. This means, that the fitting parameter 
T0 is universal for all PCs and Gvis scales as Gvis ∞ w2.

The experimentally obtained dependence Gvis(T) allowed us to extract lee. As follows from (1) 
and (4), lee equals:

 
(6)
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Fig. 3. (a) Temperature dependence of viscous contribution to conductance Gvis taken with weight 
w2 for different PCs widths w. (b) Electron-electron scattering length lee as function of temperature. 

Circles correspond to experimentally studied w
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