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Two-dimensional electron gas (2DEG) in the planar heterostructures has been under a great deal of 
investigations, which results in discovery of a number of remarkable quantum phenomena as, first 
of all, integer and fractional quantum Hall effects. Non-planar low-dimensional structures are fun-
damentally new physical objects that have been attracting the attention of the researchers already 
during several last years. The changes in the energy spectrum and magnetotransport properties [1] 
and spin currents [2] in 2D systems on a cylindrical surface were predicted theoretically. Experi-
mentally, non-planar surfaces with 2DEG were synthesized by means of molecular-beam epitaxy on 
faceted surfaces [e.g., 3]. The main drawback of such structures is spatial fluctuations of the curva-
ture of surface in them, which makes the studies of the effect of the curvature on the magnetotrans-
port in such structure a very difficult task. To fabricate structures with good uniformity of 2DEG on 
a surface with a constant radius of curvature R, we used a recently proposed approach to forming 
three-dimensional free-standing micro- and nanoobjects [4]. The approach is based on the tendency, 
demonstrated by multi-layered strained heterofilms, to decrease their elastic energy after detach-
ment from substrate, which results in their rolling into tubes or coils. Figure 1 illustrates the main 
idea of creating samples with 2DEG on cylindrical surface and areas for electrical contacts. 
 

Figure 1: Rolling of the lithographically patterned Π-shaped InGaAs/GaAs heterofilm following 
selective etching of the AlAs sacrificial layer: (a) initial flat sample; (b) sample with rolled hetero-
film. 
 
The present work is the first experimental study of transport properties of a two-dimensional elec-
tron gas (2DEG) on a cylindrical surface with a constant radius of curvature R (R~1 µm) placed into 
an external magnetic field. The test structures were obtained by directional rolling of a strained het-
erofilm [5]. A multi-layered heterostructure used in the present study were grown pseudomorphi-
cally on GaAs (100) surface by molecular beam epitaxy and contained an AlAs sacrificial layer, an 
InGaAs strained layer and a 10-nm-thick GaAs/AlGaAs quantum well (QW) where the 2DEG was 
located. On these structures (Figure 2), magnetotransport measurements in quantizing magnetic 
fields at helium temperatures were performed. The direction of magnetic field was normal to the 
axis, and the electric current was parallel to the axis of the cylinder. Differences in the magnetore-
sistance of planar and cylindrical QWs were revealed and discussed [6]. Methods for forming the 
gate and Hall contacts to rolled-up QWs are suggested. 
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Realization of ballistic transport of 2D 
electrons in rolled-up QW (free path ~ ra-
dius of curvature of the scroll) is discussed. 
The curvature radius R of the rolled hetero-
film can be roughly estimated as 

)//( aadR ∆≈ , where d is the thickness of 
the heterofilm and aa /∆  is the lattice 
mismatch. Modulation-doped 

GaAs/AlGaAs QW and InGaAs stressor are proper for fabrication of conducting micro-objects, be-
cause the free-standing heterofilm will be depleted at each either side and its thickness d should be 
not lesser than 60 – 100 nm for a high-mobility 2DEG to exist in it. Such a film will roll in a tube 
(scroll) of radius R≈3–8 µm (depending on the thickness and composition of the layers used). The 
absence of depleted layers on the surface of InAs will make it possible top fabricate free-standing 
conducting films with a smaller thickness (10–20 nm) and, hence, with a smaller radius of curvature 
(R≈0.5–1 µm). A material system for creating InAs-based free-standing miсro- and nano-objects 
was proposed [7]. InAs/InGaAs microtubes and microspirals were obtained (Figure 3), including 
tubes containing 2DEG and an ordered array of tubes. First measurements of the electrical conduc-
tivity of InAs/InGaAs microtubes were performed. 

 
 
Figure 3: SEM-images of 
(a) a tube rolled near the 
edge of the sample and 
(b) a spiral formed by roll-
ing of an InAs/In0.8Ga0.2As 
strained heterofilm. An 
arrow indicates the rolling 
direction. 
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Figure 2: Photograph (top view) of 
the sample after rolling. The arrow 
shows the rolling direction from the 
edge of the Π-shaped mesa-structure. 


