Contactless n-type doping measurement of single GaAs nanowire by
cathodoluminescence
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Nanowire arrays are promising architecture to realize efficient opto-electronic device. In photovoltaic
application, they present natural light-trapping properties. Small lateral dimension makes it possible
to integrate Ill-V nanowires on silicon cells, or to fabricate flexible devices. However, controlling and
measuring the nanowire doping is one of the most challenging issues.

We investigate the carrier concentration from room-temperature cathodoluminescence
measurement of silicon doped GaAs samples. Figure 1 shows normalized luminescence of un-doped
reference, MBE grown GaAs:Si nanowire, and three planar reference samples with electron density
determined by Hall measurements, ranging from 5x107 to 6x10%® cm3. The spectra present only a
single peak across the bandgap of GaAs (1.424eV at room temperature), indicating dominant band-
to-band transition. We observe a blueshift of the peak energy with increasing electron density
(Burstein-Moss shift), confirming n-type silicon dopant since conduction band has much smaller
effective density of states than valence band. At lower energy side, luminescence tails are developed
with increased carrier concentration as a result of increased potential fluctuation from ionized donor.
The doping of GaAs:Si nanowires is estimated to 3-5x10* cm,

Luminescence lineshapes are further analyzed with the generalized Planck’s law to retrieve physical
parameters such as electron Fermi energy and the band tail broadening parameter. Both of them can
be related to the electron concentration. Cathodoluminescence gives an alternative way to probe
carrier concentration for nanoscale materials, and is able to detect spatial inhomogeneity of dopant.

GaAs emission spectra

—— Emax=1.424 fwhm=0.026eV (un-doped)
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Figure 1: Comparison of GaAs luminescence spectra with different n-type doping concentration.
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