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Figure 1 (Color online) (a) Schematic diagram illustrating the roll-up process of a nanomembrane into a tube on photoresist. Optical images of
rolled-up nanomembranes made out of (b) Pt, (c)Pd/Fe/Pd, (d) TiO,, (e) ZnO, (f) AL,Os, (g) Si,N,, (h) Si.N,/Ag and (i) diamond like carbon®. Copy-

right © 2008, WIELY-VCH GmbH & Co. KGaA
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B 2 (M) () PR Jok—l 5 4 BURLE M A& KB R Z R (b)~(e) &JRIRIBMIR [ SiO/Sio, Mk E SEM
E; (b) 4:(c) i (d) 4:-4; (e) 4A1P". Copyright © 2013, WIELY-VCH GmbH & Co. KGaA

Figure 2 (Color online) (a) Schematic illustration of nanodroplets formation process and nanomembrane rolling upon a thermal dewetting treatment; SEM
images of micro-/nanotube coated with (a) gold, (b) silver, (c) gold/silver alloy, (d) platinum ", Copyright © 2013, WIELY-VCH GmbH & Co. KGaA
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Figure 3 (Color online) (a) Schematic diagram illustrating the fabrica-
tion process of rolled-up SiO/SiO, microtubes; (b) optical microscope
images of microtubes; (c) PL spectrum of microtubes. Intensities of the
mode and the broad emission band are defined as I, and I,; (d) intensity
pattern of the electric field for M=30 mode obtained from FDTD simula-
tion"®!. Copyright © 2009, American Institute of Physics

B4 (AR () (a) U LI 228 N RS TAOK S SEM I (b) PL 3%
(Q=5400)"". Copyright © 2012, Optical Society of America

Figure 4 (Color online) (a) SEM image of a rolled-up vertical micro-
cavity. The U-shaped pattern used for the roll-up is visible in the back-
ground; (b) PL emission signal of a rolled-up microcavitiy (Q = 5400)581,
Copyright © 2012, Optical Society of America
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Bl 5 (MR E) (@) Y205/Zr0, WORE R B BOL - BAE; (b) FEMITSRAE I %ok E N TE B IR i &l (o) 8 HIO, 1
Si0/Si0, WK Y PL 3%; (d) Y204/Zr0, KA 1) PL ). Copyright © 2012, Optical Society of America

Figure 5 (Color online) (a) Schematic diagram illustrating the fabrication process of a rolled-up Y,03/ZrO, micro-tubular cavity; (b) the radial field
intensity distributions of the TE modes for the tubes with a low refractive index (upper part) and with a high refractive index (lower part); (c) the PL
spectrum of a SiO/SiO, microtubes coated with HfO,; (d) The PL spectrum of a Y,05/ZrO, microtubes'®. Copyright © 2012, Optical Society of America
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Bl 6 (MZEREA)SIONSIO UK EES R . KEFK. LKL
JK WY PL 153, Copyright © 2010, American Chemical Society
Figure 6 (Color online) PL spectra of an optical microtube cavity in
air, deionized water, ethanol, and water/ethanol mixture®”’. Copyright ©
2010, American Chemical Society
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Figure 7 (Color online) (a) Photograph of a fabricated optofluidic
sensing chip device; (b) optical microscope image of three microtubes
integrated into a microchannel system; (c) background subtracted PL
spectrum measured on a microtube integrated into the optofluidic chip
sensor'®®!. Copyright © 2012, The Royal Society of Chemistry
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Figure 8 (Color online) PL spectra from the center of the tubular mi-
crocavity acquired under increasing RH before (a) and after (b) PAA/PEI
modification™. Copyright © 2014, The Royal Society of Chemistry
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Figure 9 (Color online) (a) Schematic depicting the 3D tubular platform array cocultured with living cells for studying single cell behaviors;
time-lapse projections of HeLa cells dividing in 13 pum (b) and 9 um (c) microtubes'™!. Copyright © 2014, American Chemical Society
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Figure 10 (Color online) SEM images of multilayer graphene/GeO, tubular structures(a), (b). Cycling performance at a current rate of 0.1 C (c) and 1
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Development and applications of rolled-up oxide micro/nanotubes
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Micro/nanotubes fabricated via self-rolled-up nanotechnology have wide potential applications in materials science, chemistry and
biology due to their simple fabrication methods and splendid physical and chemical properties. Oxides, with great stability, crystal
structure and optical properties, especially unique semiconductor properties, magnetic and electrical properties of some oxides,
become common materials of rolled-up micro-/nanotubes. This review introduces the principles and methods of self-rolled-up
micro/nanotubes’ fabrications, and the applications in optical resonant cavities, sensors, cell study, anodes of Li ion batteries, self-
propel engines.
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doi: 10.1360/N972015-00703

3477



