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Abstract— Reliable doping in GaAs nanowires is essential for the
development of novel optoelectronic devices. Previously, GaAs
nanowires have been shown to exhibit extremely short
photoconductivity lifetimes of a few picoseconds due to their high
surface recombination velocity, which is detrimental for nanowire
devices, such as solar cells and nanowire lasers. Here, we show
that, by exploiting engineered band-bending via selective doping,
this parasitic surface recombination can be reduced. We utilise
non-contact time-resolved terahertz spectroscopy to characterise
the doping efficiency in n-type and p-type doped GaAs nanowire?
and show high carrier concentrations of the order of 1018 cm™. The
carrier lifetimes were increased by an order of magnitude from
0.13ns for undoped to 3.8ns and 2.5ns for n-doped and p-doped
GaAs nanowires respectively; showing that surface recombination
is greatly suppressed as a result of shell doping. We also present a
novel effect of p-doping in GaAs nanowires: a rapid decay in
photoconductivity within 25ps after photoexcitation. This fast
decay is attributed to rapid electron trapping at the nanowire
surface due to doping related band bending. Thus, we demonstrate
the advantages of selective doping for enhancement of desirable
transport properties in GaAs nanowires, as well as highlighting
terahertz spectroscopy as a reliable technique for characterising
doped GaAs nanowires®.

I. INTRODUCTION

H igh surface recombination in GaAs nanowires is a
problem in nanowire devices. One way to reduce this
surface recombination is by over-coating GaAs nanowires with
AlGaAs shells?2. An alternative approach is to exploit
engineered band-bending via selective doping®. However,
doping incorporation with high carrier concentrations and high
mobilities, as well as accurate characterisation of doping effects
has proven challenging®. To investigate the doping efficiency
in GaAs nanowires, undoped, n-type and p-type shell-doped
GaAs nanowires were photoexcited with a near-infrared laser at
800nm with 35fs pulses at fluences between 5 and 80uJem2.
The photoconductivity was measured as a function of frequency
and time after photoexcitation. Carrier lifetimes, mobilties and
doping concentrations were then extracted from these
measurements.

Il. RESULTS

Figure 1 shows the normalized photoconductivity decays for
n-doped, p-doped and undoped GaAs nanowires. Through
fitting of carrier rate equations, the carrier lifetimes for the n-
doped and p-doped GaAs nanowires were determined to be
3.8ns and 2.5ns respectively, an order of magnitude greater than

for the wundoped reference sample. The bimolecular
recombination constant was also extracted to be ~2 x 10'° cmqs-
L, coinciding with established values. This demonstrates that
non-radiative recombination routes, due to surface states and
defects, are suppressed as a result of shell doping.

20

103 w o o 10

o -

P-doped = =10
o . "OP° N-doped| 5, 5.,
E 4 20 9
= 107 - Undoped y &
z < ¢ : 103
103 é@,Undoped C‘E)r'el 10 ~—

o '10

'. Doped Shell p-doped| 0

109500 1000 15000 I 2 3 4

Time (ps) Frequency (THz)
Fig.1: Left: Normalised photoconductivity decay as a function of time
for n-doped (blue), p-doped (red) and undoped (black) GaAs
nanowires. Right: Photoconductivity spectra for n-doped (top) and p-
doped (bottom) GaAs nanowires®.

For the first time in p-doped GaAs nanowires, a sharp decay in
photoconductivity was observed within the first 25ps after
photoexcitation. By examining photoconductivity spectra at
different times after photoexcitation, this sharp decay is
attributed to rapid electron trapping at the nanowire surface,
which leaves a hole-dominated long-lived photoconductivity
after 25ps of photoexcitation.

I1l. SUMMARY

Engineered band bending via n-type and p-type shell doping
reduces undesirable surface recombination in GaAs nanowires
and enhances photoconductivity lifetimes. Moreover, terahertz
spectroscopy offers a reliable method for characterizing doping
efficiencies in semiconductor nanowires.
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