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’

Abstract; A three-dimensional tubular quantum well infrared photodetector (QWIP) was demonstrated
via rolled-up technology, which is on the basis of conventional lithography and wet chemical etching.
When the tubular QWIPs and the corresponding planar devices were illuminated by the vertically-inci-
dent light, their dark current, blackbody response, and photocurrent responsivity spectra were charac-
terized. Under the operating temperature of 60 K and the bias of 0.45 V, a peak responsivity of 20. 6
mA/W and a peak quantum efficiency of 2. 3% at the peak response wavelength of 3. 62 pum were ob-
tained in the tubular devices. By clarifying the principle of optical absorption, the tubular QWIP pres-
ents a novel optical coupling manner. The photocurrent responsivity spectra of the device for the exter-
nal light were further studied at different incident angles. It is shown that with the approximately circu-
lar symmetry of the microtubes, the tubular devices have a wide perspective, which is advantageous to
the design of infrared detection system.
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Fig.1 (a) Brewster’s angle coupling; (b) 45° edge-facet
coupling, (c) Grating coupling, (d) Random reflection
coupling, (f) Ripple coupling, (f) Photonic crystal cou-
pling, (g) Two-dimensional metal hole array coupling; (h)
Metal-insulator-metal (MIM) microcavity coupling
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Fig.2 (a) Schematic diagram of the material structure,
(b) etching of the top contact layer and the light-absorp-
tion region, (c¢) deposition of the metal electrodes, (d)
deep wet etching of the starting edge, (e) self-rolling of
the strained nanomembrane caused by the corrosion of the
sacrificial layer, (f) schematic diagram of the tubular
device structure, (g) microscope image of the tubular
device, (h) Microscope image of the planar device
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Fig.3 (a) Dark current spectra of the planar and tubular de-
vices at 60 K, (b) Plot of the blackbody response as a func-
tion of the bias of the planar and tubular devices at 60 K. The
insets show that the devices are vertically illuminated by the
external light
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Fig. 4  Photocurrent responsivity as a function of the
wavelength of the tubular device under different biases
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Fig.5 Schematic diagram of the light absorption in tu-
bular devices. The inset shows the light path in the tube
wall/air interface
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Fig.6  Photocurrent responsivity spectra of the tubular
device at the incident angles of -45°, 0° and 45°, respec-
tively. The insets show that the devices are illuminated by
the external light from different angles
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