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Ultrahigh responsivity near infrared photo detectors based on single
semiconductor nanowires

n this report, we show that ultra-high responsivity (R>105-106 A/Watts) Near Infra-Red

(NIR) photodetectors can be made from single strand of nanowires of semiconductors
like Si, Ge or molecular materials like Cu:TCNQ. The nanowires used were all grown
by vapor phase methods and the single nanowire devices were fabricated on SiO2/Si
substrate where the electrical leads were made using a combination of optical lithography
and nanolithography tools such as electron beam lithography and lift off or focused ion
beam or focused electron beam deposition methods. The typical device lengths are in
the range of 1-5 microns and then nanowire strands have a diameter <100 nm. The
distance between the electrodes was brought down to below 300 nm. In case of the
molecular material Cu: TCNQ, which gives a narrowband detector, a peak responsivity
of 10*-10° A/W can be reached at 405nm with nanowire of diameter 30nm. In case of Si
nanowires (diameter ~80-100nm), the response is broad band and a responsivity >10*
A/W can be reached over the wavelength of 500nm to 1150 nm. For Ge nanowires, the
response can be seen even over broader wavelength region extending well into the NIR
region limited by the band-width of Ge (1850 nm). The peak responsivity in this case
can reach even 10° A/W at wavelength range 800 nm-1000 nm. Though not very large
reasonable responsivity, can also be seen from single strands of Y-junction CNT. The
ultra-high sensitivity in single nanowire devices are contributed by a number of factors
that include: (1) very close distance between electrodes, (2) small diameter allowing for
photo-transistor effects at the surface of nanowires and (3) diffusion of photo generated
carriers lowering the Schottky barrier at the contact interface.
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