Abstract

Birefringent layers of GaP nanowires are grown by metal-organic vapor phase epitaxy on top
of a GaP substrate. We modibed the ref3ection of the as-grown layer by adding a shell of

12 nm of SiQ around the nanowires. The effect of the shell on the effective refractive indices
of the birefringent nanowire layer was calculated using MaxwellbGarnett effective medium
theory for coated cylinders. The large change of the re3ection due to the shell renders
nanowire layers a promising material for sensing applications.

(Some bgures in this article are in colour only in the electronic version)

1. Introduction

Optical properties of semiconductor nanowires have been
studied extensively over recent year$Ef). Lasing
[1], LEDs [2] and photosensitive devices3][ have been
demonstrated on single nanowires. Ensembles of nanowires
are recognized as promising materials for large area LEDs
[4], anti-re3ection coating$] and photoelectrochemical cells
[6]. Due to the large geometrical anisotropy of individual
attention in the belds of gas-, bio-, or chemical sensors
[11ER1]. Porous structures are very sensitive due to a large
surface to volume ratio. Recent works on porous silicon
have shown that the reRRectiodl] and transmission 1]
as well as the birefringencd ] are modibed by inbltrating
the pores with DNA 14], proteins [L5] or gases 16]. In
principle, all these sensors have one thing in common: they
After a cleaning step of the wafer in HNO

3:HCL:H,0 (2:3:3)
at 80C for 2 min, a thin gold PIm with a thickness of
0.3nmwas deposited onthe (1 1 1)B GaP substrate surface side
(P-terminated). This gold bPIm acts as a catalyst for the
nanowire growth. During heating the gold PIm breaks up into
small islands which form individual catalyst droplets from

0268-1242/10/024008+05$30.00 1 © 2010 IOP Publishing Ltd  Printed in the UK


mailto:diedenhofen@amolf.nl
http://stacks.iop.org/SST/25/024008

Semicond. Sci. Technol. 25 (2010) 024008

S L Diedenhofen and J G Rivas

Wavelength (nm)

40 60
Angle of Incidence (°)
Wavelength (nm)
(© 401590 10,00 5(?0

20-r,

Reflection (%)

10 15 20 25 3.0
Energy (eV)

40 60
Angle of Incidence (°)
Wavelength (nm)
(d) 1 51 590 5(?0

1000

Reflection (%)

10 15 2.0 25 3.0
Energy (eV)

Figure 3. Measured specular reflection spectra of a layer of nanowires without (&) and with (b) a shell of 12 nm of SiO, around the
nanowires using s-polarized white light as a function of the angle of incidence. Reflection spectra measured at an angle of incidence of 60
for (C) s- and (d) p-polarized light without a shell (black solid curve) and with a shell (red dashed curve).

Jones calculus [10]. From these calculations, the ordinary
n, and extraordinary n. refractive indices of the nanowire
layer can be determined to vary from 1.10 to 1.12 and
from 1.28 to 1.93, respectively, for photon energies ranging
from 0.77 eV to 3.0 eV (1610 nm—413 nm). The ordinary
refractive index N, corresponds to the refractive index for
light polarized perpendicular to the nanowire long axis, while
n. describes the refractive index for light polarized parallel
to this axis. The refractive index for s-polarization equals
the ordinary refractive index. This polarization is always
perpendicular to the nanowire long axis. P-polarized light
has a component along the long axis of the nanowires and a
component perpendicular to this axis dependent on the angle
of incidence. The refractive index for p-polarization is related
to the ordinary and extraordinary refractive indices by [29]
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For an angle of incidence of 60 , ng ranges from
1.10 to 1.12 and n, from 1.19 to 1.32. The Fabry—Pérot
oscillations visible in figure 2 can be modified by changing
the optical thickness of the nanowire layer, e.g. by varying
the nanowire layer thickness, or the nanowire diameter, or the
nanowire density, or by filling the voids between the nanowires
with a dielectric. Figures 3(a) and (b) display the specular
reflection of s-polarized light from the uncoated nanowire
sample and the sample with a thin shell of SiO,, respectively,
as a function of wavelength and angle of incidence. A shift
of the Fabry—Pérot oscillations to larger wavelengths for the
coated nanowires is visible. For clarity, figures 3(c) and
(d) show measurements performed at an angle of incidence

of 60 for s- (C) and p-polarization (d) for nanowire layers
without and with a layer of SiO,. In both cases, a clear
shift of the Fabry—Pérot oscillations to lower energies (larger
wavelengths) is visible, due to the increased optical thickness
of the nanowire layer. The shift of the Fabry—Pérot oscillations
depends on the wavelength and is larger for s- than for p-
polarization. For s-polarization and an angle of incidence of
60 , a shell of 12 nm of SiO, around the nanowires shifts
the signal by 105 nm. This measured wavelength shift can
be solely attributed to the increased optical thickness due
to the shell of 12 nm of SiO, around the wires and not
to an increased optical thickness due to the increased layer
thickness due to the shell. An increase of the layer thickness of
150 nm would be necessary to achieve the wavelength shift of
105 nm. From figure 1(b) we can see that the nanowires are
homogenously coated with 12 nm of SiO;,, so the SiO, layer
does not lead to a significant increase in layer thickness.

The difference between the specular reflection measured
on the nanowires covered with SiO, and without a shell is
shown in figure 4(a) for an angle of incidence of 60 , and
for s- and p-polarized light. This difference is larger for s-
polarization indicating that measurements with s-polarization
are more sensitive to detecting changes in the refractive index
around the wires. Figure 4(b) displays calculations of the
difference of the reflection spectra of a nanowire layer with
and without the SiO, shell. The calculations show a good
agreement with the measurements confirming the enhanced
sensitivity of s-polarization to changes in the surroundings of
the nanowires.

The refractive index of SiO, in the visible and near
infrared (n = 1.45) is similar to the refractive index of
biomolecules [22]. Therefore, our results indicate that





http://dx.doi.org/10.1038/nmat728
http://dx.doi.org/10.1038/35051047
http://dx.doi.org/10.1063/1.2786852
http://dx.doi.org/10.1021/ja073125d
http://dx.doi.org/10.1021/nl051304s
http://dx.doi.org/10.1364/AO.43.000167
http://dx.doi.org/10.1063/1.1609643
http://dx.doi.org/10.1126/science.278.5339.840
http://dx.doi.org/10.1002/1521-4095(200103)13:5<335::AID-ADMA335>3.0.CO;2-L
http://dx.doi.org/10.3390/s7020214
http://dx.doi.org/10.1063/1.370968
http://dx.doi.org/10.1016/j.tsf.2004.01.060
http://dx.doi.org/10.1038/nature04574
http://dx.doi.org/10.1021/nl010099n
http://dx.doi.org/10.1038/nature01353
http://dx.doi.org/10.1063/1.1531834

