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Recently, the self-rolling procedure for forming three-dimensional micro- and nanotubes, 

complicated shells and bent microcantilevers from planar semiconductor films has been introduced 
[1-3]. For practical applications, micro- and nanotubes are required fabricated not only from 
semiconductor heterostructures, but also from more complex multi-layered hybrid structures 
composed by metal, dielectric and/or magnetic-material layers. This would substantially widen the 
application field of such tubes and related objects in micromechanics and micro- and 
nanoelectronics. Device elements that can be prepared in this way are cylindrical shaped capacitors, 
inductors and building blocks for tube-like field effect transistors composed from free-standing 
and/or rolled-up hybrid films. 

In this work, we present free-standing SiGe/Si/Cr metal-semiconductor (MS) and 
SiGe/Si/SixNy/Cr metal-insulator-semiconductor (MIS) microtubes, shells with diameters in the 
range from 1 to 16 µm and rings of submicrometer width which are fabricated from highly strained 
hybrid structures using a rolling procedure. At fabrication of these free-standing microshells the 
strained pseudomorphic p+-SiGe/Si heterolayers deposited by ultra-high-vacuum (UHV) chemical 
vapor deposition (CVD) as well as by molecular beam epitaxy (MBE) were used. The mesa patterns 
on the multilayer side are formed by electron lithography and reactive ion plasma etching. Next, a 
lateral selective etching in aqueous solutions of NH4OH [2, 3] of low doped Si substrate are 
executed. The strained planar SiGe/Si/Cr film detaches from the substrate, it rolls up in a tube-scroll 
Fig. 1(a) due to the internal elastic stress. Fig. 1(b) shows a scanning electron microscopy (SEM) 
image of 210-µm long suspended hybrid MS tube formed by 1½ turns of the initially planar 
SiGe/Si/Cr (20/20/20 nm) film. It is shown quantitatively that Cr layer is highly strained, the tensile 
stress (3.6 GPa) being sufficient for supporting the rolling-up of hybrid films into microtubes of 
preset diameter. The possibilities provided by the self-rolling method are by no mean restricted to 
the case of films composed by semiconductor and metal layers. Fig. 2 shows SEM images of hybrid 
MIS tubes and shells prepared from the four-layered stack containing a SixNy dielectric film 
sandwiched between the Si and the Cr layer. The tubes depicted in Fig. 2(a) contain 2 turns. The 
inner diameter of the tubes fabricated from this stack is about 3.8 µm. The same layer sequence 
despite the silicon-nitride layer leads to rings having an inner diameter of 2.3 µm Fig. 3(a). Thus it 
can be concluded that the nitride film rather supports the scrolling process than hampering it. A 
further reduction of the tube diameter by using thinner films and increasing the Ge concentration to 
increase the strain appears to be feasible. Hopefully, good compatibility of elaborated methods with 
Si-based integration technology and good reproducibility will make it possible to produce new 
devices based on such MIS objects and will give access to study the electrical and mechanical 
properties carefully. 
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Figure. 1. (a) Schematic presentation of the formation technology of free-standing tube. Shown is 
the strain-induced bending of a SiGe/Si/Cr hybrid layer during its detachment from the substrate in 
the course of lateral undercut etching in aqueous solutions of NH4OH [2, 3]. In the initial structure, 
the Cr film deposited onto Si is under tension, and the SiGe layer is under compression. The 
internal stresses give rise to a moment of forces M, which acts to bend the three-layer film. The 
thick black arrow indicates the rolling direction. (b) SEM image of a free-standing Si0.6Ge0.4/Si/Cr 
tube of 210-µm length and 3.5-µm diameter. The initial stack consisted of an MBE - Si0.6Ge0.4/Si 
(20/20 nm) bilayer and a 20-nm thick top Cr layer. 
 
 

 
 

 
Figure. 2. SEM micrographs of the MIS-objects. (a) Two suspended Si0.6Ge0.4/SixNy/Cr 
(10/10/10/18 nm) tubes. The diameter of the inner tube of scrolls is 3.8 µm. Strained UHV/CVD 
SiGe/Si bilayer and low-pressure CVD SixNy was used. (b) Scrolled Si0.6Ge0.4/Si/SixNy(H)/Cr 
(20/20/75/20 nm) hybrid structure of 16 µm in diameter. Plasma enhanced CVD SixNy(H) layer was 
deposited at 200 °C from a silane and ammonia gas mixture. Next the structure was annealed at 
680 °C during 1 hour for shrinkage of SixNy(H) layer. 
 
 

 
 
Figure. 3. SEM images of rolled-up narrow strips. (a) A bent Si0.6Ge0.4/Si/Cr cantilever of 0.3-µm 
width, 5-µm length, and 1.15-µm curvature radius. (b) A ring 1.6 µm in diameter formed after the 
Cr layer was selectively removed from the initial planar stack. The thicknesses of the UHV/CVD 
grown Si0.6Ge0.4/Si and evaporated Cr layers were 10nm/10nm and 18 nm, respectively. 


