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Measuring the Optical Absorption of Single Nanowires
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In this work we present a method to quantitatively measure the optical absorption of single nanowires
that can be applied over a wide range of temperatures and with a high enough sensitivity to enable the
measurement of below-band-gap absorption (as well as the absorption of single molecules). The method
is based on accurately measuring the heat flow coming from a nanowire when it is illuminated by a laser
beam. We experimentally verify this method by measuring the absorption of both a zincblende and a
wurtzite GaAs, a wurtzite GaP, and a superlattice Zn3;P, nanowire. Furthermore, we find that the Zn;P,
nanowires have the largest absorption of all these materials. We analyze the advantages and disadvantages

of the method and study its range of applicability.
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I. INTRODUCTION

In recent years, nanowires (NWs) have emerged as
promising building blocks for applications in the field of
electronics [1-3], energy conversion [4,5], and optoelec-
tronics [6—8], among others [9,10]. The wide range of
applicability of NWs stems first of all from their geometry,
which can alter mechanical, electronic, as well as opti-
cal effects [11,12], but also from the possibility to grow
materials with crystal structures that are unstable in bulk
[13—15] and have different electronic [16,17] and phononic
[18,19] properties from their bulk counterparts.

The possibility to engineer the optical response of
NWs has led to enhanced performances in photovoltaics
[12,20], light emission [6,16], and photoelectrochemical
cells [9,21]. Besides these applications, another field in
which it is crucial to measure absorption is Raman ther-
mometry, widely used to assess the thermal conductivity
of single NWs. Therein, the absorbed power is usually
only simulated, which is the main drawback of the tech-
nique [22]. In this context, a quantitative assessment
of the optical absorption in nanostructures, in particu-
lar in NWs, is essential to measure the absorption and
experimentally probe effects coming from optical
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resonances, band-structure alterations, or experimental
conditions that often cannot be properly taken into account
by simulations. This is due to the fact that either simula-
tions cannot be carried out (they can be done only in well-
known material systems as they require the knowledge of
the energy dependence of the refractive index, which is
experimentally unknown, e.g., in many for wurtzite I[1I-V
NWs), or they can lead to inexact results, as we dis-
cuss in this paper. In this frame, the optical absorption is
defined as the fraction of incoming light that is not trans-
mitted, reflected, or re-emitted after interacting with the
NW (o = P,ps/Pin), as is commonly done with this type of
measurement [23-27].

Several quantitative methods to measure the optical
absorption of single nanostructures (including NWs) [23—
27] or even single molecules [28,29] have been developed,
but since all of these have their limitations and often
require complicated measurement schemes, measurements
on single NWs often rely on PL excitation (PLE) or pho-
tocurrent measurements and are thus qualitative in nature
[8,11]. In this work, we present a method for measur-
ing the optical absorption of semiconductor NWs with
very high sensitivity, and which can be applied in the full
temperature range down from mK up to the maximum
stable temperature of the measured material, at variance
with other methods to measure absorption, that have to

© 2020 American Physical Society
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be applied at [25] or near room temperature [24,26]. As
a proof of principle, we show measurements performed
at 70 K and at room temperature (due to slight heating
by the laser the actual temperature at the laser spot is
estimated to be at most 70 K above the measurement tem-
perature at room temperature, and at most 20 K for the
70-K measurement). By replacing the Pt in the resistive
thermometers with, e.g., NbN, measurements can in prin-
ciple be done even at a few mK [30]. A similar approach
has previously been used to measure the absorption of car-
bon nanotube bundles [23], but in this work we simplify
the geometry (which enhances sensitivity as well as simpli-
fies fabrication), apply it to semiconductor nanowires, and
demonstrate the versatility by extending the wavelength
range. Furthermore, we also perform a more detailed anal-
ysis showcasing the range of applicability of this type of
measurement.

We test the method by measuring the optical absorp-
tion of a zincblende (ZB) GaAs NW and compare the
results with finite-difference time domain (FDTD) simu-
lations using the MEEP software package [31]. To verify
the influence of the crystal structure, we also measure a
GaAs NW with wurtzite (WZ) crystal structure. It is worth
highlighting that GaAs is a material used in light-emitting
diodes (LEDs) [32], and solar cells [20], and thus its opti-
cal properties have been extensively studied. Furthermore,
we measure the absorption in WZ GaP NWs. This crystal
structure has recently been obtained in the NW geome-
try and is demonstrated to have a pseudodirect band gap
[33], unlike the bulk ZB structure that has an indirect band
gap. The band gap of this material has been measured in
PL measurements at 4 K to be 2.19 eV [34]: however,
the room-temperature band gap still remains to be ver-
ified. If we consider typical temperature dependence of
semiconductor band gaps, it will most likely fall within
our measurement range of 488—633 nm. Therefore, this
measurement not only allows learning more about this
material but also testing the limits of the method by mea-
suring absorption below the band gap. Finally, we measure
the absorption in a Zn3P; superlattice NW. Owing to its
strong absorption in the visible range and earth abundancy,
Zn3P, is a promising material for photovoltaics, which has
recently been grown epitaxially in the NW form [35]. Our
measurements testify its great capability to absorb light. In
bulk an indirect band gap has been measured at 1.38 eV
and a direct band gap at 1.5 eV [36], while a transition
at 1.43 eV has been measured using CL measurements
[35], so all our measurements are at an energy far beyond
the band gap, but in the interesting range for photovoltaic
applications.

This paper is structured as follows. First the details
of the method are explained in Sec. II. Then the
experimental results are described in Sec. III. Finally a
thorough comparison with existing methods is given in
Sec. IV.

II. EXPERIMENTAL DETAILS

A. Measured nanowires

The ZB and WZ GaAs NWs are grown using self-
catalyzed vapor-liquid-solid (VLS) growth on Si substrates
using MBE. For more information on the growth of the
7ZB NWs see Ref. [3], while for the growth of the WZ
NWs see Ref. [37]. Both types of GaAs NWs have an
average diameter of 70 = 5 nm, as measured using SEM.
The WZ GaP NWs are synthesized using Au-catalyzed
VLS growth in an MOVPE reactor. They had a predefined
and verified diameter of 50 and 75 nm. For more infor-
mation see Ref. [16]. The Zn;P, NWs are grown using
substrate-mediated VLS growth on an InP(100) substrate
using MBE. These wires exhibit a superlattice (SL) struc-
ture and an average diameter of 100 £ 10 nm, with a slight
tapering. The growth of these NWs has been described in
more detail in Ref. [35].

B. Absorption measurements

The measurements are performed using a suspended
microplatform [38] commonly used for probing thermal
transport in NWs [39—42]. The platform consists of two
suspended SiN, membranes supporting a platinum mean-
der. Since the resistance of platinum depends linearly on
the temperature, these elements can be used as heater and
thermometer. The devices are operated at pressures of the
order of 107> mbar, ensuring that both convective and
radiative heat losses are at least 3 orders of magnitude
below the conductive losses [43] so that all absorbed power
is transported to the environment via conduction through
the suspended SiN, beams. For the absorption measure-
ments described in this work, a single NW is suspended
from one of the SiN, membranes without touching the
membrane across. This geometry ensures negligible lev-
els of strain on the NW [44]. A laser is focussed on the
NW using a microscope objective. Since the device is
in steady state during these measurement, the incoming
energy has to be equal to the energy flowing out. The
incoming energy is given by the absorbed power, while
the outgoing energy can, in general, be either thermal (heat
conduction), electronic (photocurrent), or radiative (ther-
mal radiation and re-emission) in nature. Since electronic
losses can be excluded by the isolating properties of the
SiN,, thermal radiation is estimated to be several orders
of magnitude lower than conduction, and re-emission is
not counted towards the absorbed power in our current
definition, the only way the energy can go out of the system
is through thermal conduction. The absorbed power causes
an increase in temperature of the membranes, which is
measured using the platinum resistive thermometer (PRT)
(see Fig. 1). Assuming all heat is transported out through
the SiN, nanobeams, the increase in temperature is given
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FIG. 1. (a) Schematic of the proposed measurement scheme
(not in scale). A laser is focussed on a NW suspended in a can-
tilevered configuration from a SiN, platform with a resistive
thermometer. Part of the incoming laser power Pj, is absorbed
(Paps) while another part (Py,ck) is scattered from the silicon sub-
strate. The absorbed power flows through the NW to the platform
causing a temperature increase, and a subsequent increase of the
resistance of the thermometer R, proportional to the heat con-
ductance to the environment Gp. This change in resistance can
be measured and can be directly related to the absorbed power.
(b) False-color SEM image of the device with the SiN, in green,
the Pt contacts in yellow, and the NW in red.

by Fourier’s law:
Paps = Gp(Teoit — To), (1)

with P,ps the absorbed power, G the beam conductance,
Teoil the coil temperature as measured using the PRT and
Ty the environment temperature. As seen from the above
equation, the measurement itself does not depend on spe-
cific NW characteristics such as the thermal conductivity
of the NW. This means that the device can be calibrated
separately and can then be used for a wide range of NWs.
To test this hypothesis, a homogeneous NW is measured
on different positions along the NW axis, which alters the
thermal conductance through the NW, but does not alter
the absorbed power measured. Indeed the same absorption
is found on different positions of the NW, using the same
calibration (see Appendix A).

The calibration is performed using a higher current
through the PRT so that the heating effect cannot be
ignored. This gives a relation between the resistance and
the dissipated power. However, in this case the current
is also flowing through the connecting platinum lines and
power is also dissipated in these lines. Assuming a linear
temperature profile along the lines (a common assump-
tion for this kind of device [38,45]), half of the power
dissipated in the lines contributes to the heating of the
membranes, while the other half is lost to the environment.
The calibration needs to be corrected with a constant fac-
tor, since in the real experiment all power is absorbed in
the membrane:

1
Rcoil + §Rline

, (2)
Reoit + Riine

1
Pcoil = 12 (Rcoil + ERline) = Ptotal X

where Py is the power dissipated in the coils, R and
Riine are the electrical resistance of the coil and the lines,
respectively, (the relevant resistances can be determined
separately by using both a four-point and a two-point mea-
surement) and Py, is the total dissipated power during
the calibration [given by I?(Reoii + Riine)]. Since the resis-
tance has a linear dependence on temperature, Eq. (1) can
be rewritten as:

dP i
Paps = d_COl x AR, (3)

coil

where dP.qi1/dR.oi 1s determined using the device calibra-
tion and AR is the change in resistance when turning the
laser on. In this way the exact temperature of the coil, nor
the wire needs to be known, avoiding the need for an exact
determination of the temperature coefficient of resistance
and the conductance of the beams Gb from Eq. (1).

After calibration, a NW is placed in a cantilevered
configuration from one platform. This is done using a
hydraulic micromanipulator under an optical microscope,
to prevent any contamination or degradation from SEM
of the NW [46]. Then the sample is loaded in a vac-
uum chamber with optical access and the resistance of
the PRTs is measured using a sufficiently low electrical
power to ignore heating effects in the PRTs. For this project
several different laser wavelengths are used (a 488-nm
solid-state sapphire laser, an Ar' ion laser tuned to 514
nm, an Art/Kr" laser tuned to 568 nm, and a HeNe laser
at 633 nm). The laser is focused on the sample using a
numerical aperture 0.5 100x objective giving a diffrac-
tion limited spot size. The laser (power 20 uW before
objective, approximately 12 uW after objective, depend-
ing on wavelength) is turned on and off periodically and
the resistance is averaged over approximately 30 s to get
the resistance in the “laser on” state as well as the “laser
off” state. While the laser is off the laser spot is moved by
50 nm and then the procedure is repeated [see Fig. 2(a)].
In this way the peak power, namely the power absorbed
when the laser is hitting the center of the NW, is extracted
for different wavelengths and polarizations, as shown in
Fig. 2(b) for a representative set of parameters. The absorp-
tance is then calculated as the absorbed power divided
by the total incident power. Note that here the incident
power is the total power coming into the cryostat (as is
done in, e.g., Ref. [25,47]), not just the part of the power
directly hitting the NW. This is done because in our exper-
iments the wavelength is larger than the NW diameter, and
thus the influence from diffraction cannot be ignored. This
means that photons out of the NW area could be absorbed,
while photons within the NW area might not irradiate the
NW surface. Using the total incident power also facili-
tates an easy comparison with other experiments and for
engineering applications.
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FIG. 2. Typical measurement. (a) Resistance of the thermome-
ters as a function of time while the laser is being periodically
turned on and off, and is moved perpendicularly to the NW.
The “wire” and “no wire” resistances correspond to the resis-
tance measured simultaneously on the platform with the sus-
pended NW and the platform across, without any NW (see inset).
(b) Absorptance calculated from the change in resistance
between laser on and laser off configurations as a function of
position. In green (red) is the absorptance as calculated for the
platform with (without) any NW. The absorptance of the “no
wire” configuration is coming from the scattered light from the
substrate Pp,ck. The background for the green points is higher
because the laser spot is closer to this membrane, so scattering to
this membrane is more intense. The black line is a Gaussian fit
of this absorptance.

Apart from power directly absorbed by the NW, there is
also laser light that is reflected from the underlying silicon
substrate and consequently absorbed by the membranes.

This background power is measured with the laser spot far
from the NW, but at the same distance from the membrane.
To verify that the background power does not depend on
the position of the laser beam with respect to the NW, the
absorbed power is measured simultaneously on the oppo-
site membrane. Since the NW is not connected to this
membrane, only background radiation contributes to its
heating. An absorbed background power independent of
laser-spot position is found in this measurement, show-
ing negligible influence from radiation from the wire, or
shadowing of the reflection from the substrate by the wire.
Therefore, a constant background is used for analyzing the
absorption measurements.

ITII. EXPERIMENTAL RESULTS

A. GaAs crystal structure dependence

The absorptance of the ZB GaAs NW is shown in
Fig. 4(a) for both the parallel and the perpendicular polar-
ization. From this data, we notice an almost factor 5 lower
absorptance for the perpendicular polarization compared
to parallel. This can be attributed to the dielectric mis-
match with the environment, which strongly suppresses
absorption in the perpendicular direction [48]. However,
despite the quite different absolute values of the paral-
lel and perpendicular absorption, they exhibit nearly the
same dependence of energy: the absorption is almost con-
stant from 2 to 2.2 eV, then increases from 2.2 to 2.4 eV,
and has a further, small increase at 2.6 eV. This common
trend of the two polarizations suggests the absence of opti-
cal resonances. The only feature observable, the increase
between 2.2 and 2.4 eV, can be attributed to an indirect
transition from the second valence band to the X point in
the conduction band [49].

When compared with the FDTD simulations [see
Figs. 3(a) and 3(b)], we see that both simulations and
experiments show an increase of the absorption around 2.4
eV for both polarizations. However, the magnitude and rel-
ative polarization dependence strongly depends on other
parameters, like, e.g., thickness of the native oxide sur-
rounding the NW, and spot size (for more simulations see
Appendix B), that are hard to accurately determine. To fur-
ther elucidate the dependencies we perform simulations
for different oxide thicknesses. It can be seen that espe-
cially the higher-energy absorption of the perpendicular
polarized light strongly depends on this oxide thickness,
since perpendicular excitations are the most sensitive to
the dielectric mismatch. The experimental data can be well
matched to the simulations by choosing the appropriate
oxide thickness, apart from the low-energy side of the par-
allel polarization. Since the simulations show an increase
of absorption with decreasing energy for the parallel polar-
ization, this can only be attributed to an optical resonance,
which depends strongly on experimental conditions that
are hard to control and that cannot be completely taken into
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FIG. 3. Measured (triangles) and simulated (stars) absorptance
of both ZB (a) and (b) and WZ GaAs (c) and (d). Green sym-
bols correspond to experimental and simulated absorption with
the incoming light parallel to the NW axis, while red symbols
correspond to a perpendicular polarization. (a) Results for ZB
GaAs NWs with the polarization axis parallel to the NW axis.
The simulations are performed using a different thickness of
the native oxide shell around the crystalline NW (full stars, no
oxide shell; open stars, 5-nm thick shell) keeping the total diam-
eter equal to that used in the experiments. (b) Same as (a) but
now for the perpendicular polarization. (c) Experimentally deter-
mined absorptance for WZ GaAs at room temperature for both

polarizations. (d) Results of measurements on the same wire as
in (c) at 70 K.

account in a simulation. The sensitivity of the simulations
on parameters that are difficult to control or verify in prac-
tice further underpins the importance of measuring these
parameters directly. The optical properties of ZB GaAs
are relatively well known compared to all other materi-
als studied in this work. This is due to the fact that the
other materials have crystal structures that do not exist
in bulk, resulting in much less known optical properties.
Therefore, reliable FDTD simulations cannot be made for
the investigated materials and are thus only performed for
ZB GaAs, another motivation for quantitative experimen-
tal studies. Furthermore, even when experimental studies
are performed, these are very sensitive to the exact exper-
imental conditions such as spot size and scattering angle.
Measuring the absorption in situ further ensures that the
absorption is measured in the conditions relevant to the
experiments.

When interpreting light absorption in NWs or nanorods,
it is important to consider that a nonmonotonic behavior of
the absorption can arise from electronic transitions of the

material as well as from optical resonances, due to the fact
that NWs can behave like an antenna. These resonances
depend mainly on the NW size, the refractive index of the
NW and of the medium surrounding it, and on the excita-
tion wavelengths. A different thickness of the oxide shell
surrounding the NW can, therefore, result in different res-
onance conditions. In general, peaks in the absorption that
do not correspond to transitions to the fundamental or high-
energy electronic band gaps can be reasonably attributed to
optical resonances. If FDTD simulations can be performed,
the dependence of their results on the parameters men-
tioned above is a clear indication of the presence of optical
resonances. We carry out this type of study in Figs. 3(a)
and 3(b) and Appendix C.

We now focus our attention on the comparison of the
experimental results for the two different crystal structures
of GaAs, as shown in Fig. 3. When we compare the results
obtained from the ZB NW with results from a WZ NW
[shown in Fig. 4(b)], it can be seen that the overall absorp-
tance for the parallel polarization is similar between the
WZ and ZB. However, the increase in absorption observed
for ZB GaAs between 2.2 and 2.4 eV disappears. Indeed,
changing the crystal symmetry also alters the band struc-
ture, and a I'; — I'7(C) transition at 1.982 eV is observed
for WZ GaAs [50], which explains the increase at 1.959
eV for the parallel polarization. Apart from this point at
1.959 eV the absorptance now depends on polarization less
than for ZB. This can be attributed to the fact that the
anisotropy is generally less for the WZ crystal structure
compared to ZB, due to a competition between the dielec-
tric effect (favoring parallel polarization) and the intrinsic
band-structure-related anisotropy (favoring perpendicular
polarization) [48].

Finally, the WZ NW is also measured at 70 K. At this
temperature the energy dependence of the absorption is
similar to the one measured at room temperature, but at
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FIG. 4. Room temperature measured absorptance as a func-
tion of excitation energy, with excitation polarization parallel
(upwards triangles) and perpendicular (downwards triangles) to
the NW axis. (a) Results on two different WZ GaP NWs with a
diameter of 50 nm (orange triangles, left axis) and 75 nm (blue
triangles, right axis), both measured with light polarized parallel
to the NW axis. (b) Results on the Zn3 P, superlattice NW.
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70 K we observe an increase of its values. In principle,
the energy of the electronic transitions of III-V semicon-
ductors does not shift much from 0 to 70 K and therefore
our result can be compared to the existing literature at
5-10 K [51,52]. However, there is no available literature
on absorption (or PL and PLE) in wurtzite GaAs in the
2-2.6 eV range. We stress that the absorption of bulk
semiconductors far from electronic transitions usually does
not increase with decreasing temperature. Therefore, we
attribute the observed increase either to the specific band
structure of wurtzite GaAs or to effects related to the NW
geometry, such as optical resonances or the presence of the
native oxides surrounding the NW. The absence of liter-
ature available on the temperature-dependent absorption
of WZ GaAs in the visible range and on the influence of
the NW-specific geometry on the amount of absorbed light
confirms that it is crucial to directly measure absorption in
semiconductor NWs

B. Wurtzite GaP

Figure 4(a) shows the absorptance of WZ GaP NWs
with a diameter of 50 nm (orange) and 75 nm (blue). Since
the absorptance of this material is much lower than of
the other materials, and the suppression in the perpendic-
ular polarization is expected to be even stronger for these
diameters, the absorption for the perpendicular polariza-
tion is below the sensitivity of this method. As can be
seen from Fig. 4(c) the absorptance is much higher for
the 50-nm case than for the 75 nm, contrary to expec-
tation. This is most likely caused by optical resonances
for the 50-nm NW. Furthermore, for both diameters an
increase of the absorptance between 2.4 and 2.6 eV is
observed, which can be reasonably expected to happen
beyond the band gap. A band gap below 2.4 eV at room
temperature is in agreement with recent low-temperature
PLE measurements [53,54]. The 50-nm NW also shows
a small but noticeable increase at 2.2 eV, which is likely
caused by an optical resonance, since this increase cannot
be seen for the 75-nm NW, while it means a signal above
noise level again. Finally, the 75 nm shows that even an
absorptance below 0.001 can still be measured accurately
using this method, corresponding to an absorbed power of
approximately 12 nW. This clearly testifies the outstanding
sensitivity that can be achieved using this method.

C. Zn;P; superlattice

The experimentally measured absorptance for the Zn;P,
superlattice NW is shown in Fig. 4(b). Despite having a
very similar diameter to the NWs made by the less abun-
dant semiconductor GaAs, this system shows the highest
absorptance among the measured NWs, which suggests
that its use in solar cells is very promising. Furthermore,
the absorptance has only weak dependence on the energy
within the measured energy range. This is expected since

the measurements are taking place far beyond the band-gap
energy [35,36]. The highest absorption, for both polariza-
tion configurations, is found at around 2.2 eV, which could
be due to an electronic resonance, since theoretical studies
predict a transition around this energy level [55]. However,
we cannot exclude the contribution of an optical resonance.
The absorptance is also independent of polarization, apart
from a slight dependence at 1.95 eV. This could be due to
the superlattice possibly causing light confinement, along
the NW axis, and/or be a result of resonances polarized
perpendicularly to the NW axis. To further explore this
hypothesis it would be interesting to study the effect of the
geometry separately, but this investigation goes beyond the
scope of this work.

IV. SUMMARY AND COMPARISON WITH OTHER
METHODS

In this work a method to measure the optical absorption
of single NWs is presented. The method is based on mea-
surements of the temperature rise of a platform collecting
the heat from a NW exposed to laser radiation. Here, the
method is applied using a range of representative wave-
lengths from red to blue, and it can easily be extended to
measure a full absorption spectrum. We also perform mea-
surements at different temperatures, i.e., room temperature
as well as 70 K, to prove the applicability of the method
in a wide temperature range. The minimum measurable
power can be calculated from the minimum measurable
temperature rise and the beam conduction using P, =
Gy Trin. With a temperature sensitivity of about 100 mK,
and a beam conduction of the order of 50 nW/K, this leads
to a minimum measurable absorbed power of about 5 nW,
as also demonstrated by accurately measuring an absorbed
power of 12 nW in GaP NWs with a diameter of 75 nm.
This resolution is limited by the noise in the preamp, which
is expected to be true even at very low temperatures [30].
Note that this sensitivity is also a factor-2 improvement
with respect to previous work [23] thanks to the simpli-
fied geometry where only one platform is used. Moreover,
this configuration reduces fabrication errors that can lead
to an asymmetry in the planarity of the platforms, inducing
bending and possibly strain in the nanostructures.

Apart from the improved sensitivity with respect to
some other methods, this method is also not limited in
the temperature range. Measuring absorption at very low
temperatures also requires negligible laser heating so that
the sample temperature is very close to the bath temper-
ature. Accurate measurements even with very low laser
power are enabled by the high sensitivity discussed before.
Therefore, using this method, the optical absorption can be
measured for temperatures ranging from mK to the melting
temperature of the system. This cannot be achieved using
other methods, based on phase transitions [24], methods
that cannot be applied inside a cryostat [25], or methods
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in which the laser power cannot be reduced sufficiently to
avoid significant laser heating [29]. The wide temperature
range means the method can be applied to systems that are
interesting for light emission, sensing, as well as photo-
voltaics. Combined with the ability to measure sub-band-
gap absorption more information on the optical properties
of recently synthesized material systems can be obtained.

Beyond what we already achieve with the results pre-
sented in this work, the method can be further improved
in terms of temperature range and measurement sensi-
tivity, using solutions that have already been applied in
other contexts. The resolution can be further improved by
decreasing the beam conduction by making thinner and
longer beams, or by improving the temperature sensitiv-
ity. A common way to improve the temperature sensitivity
of these systems is by using a Wheatstone configuration
[45], which has been shown to increase the temperature
and consequently also the power sensitivity by 3 orders
of magnitude, bringing it down to the pW range. This
even enables the measurement of the absorption in sin-
gle molecules with a very low-absorption cross section,
such as Rh6G [28]. Furthermore, the temperature range
can be extended by using an appropriate choice of metal.
The method currently uses platinum resistive thermome-
ters, which function most accurately at temperatures above
50 K, the temperature range can be extended easily by
using different materials for the thermometers such as NbN
for temperatures down to mK [30].
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APPENDIX A: POSITION DEPENDENCE

To verify that the method does not depend on the con-
ductance of the wire we measure the absorptance of a
wire for two different positions; one near the center of
the wire and one near the tip of the wire (ensuring that
the entire laser spot is still on the wire). If the method
depends on the thermal resistance between the laser and
the membrane, moving the spot further from the membrane
increases the thermal resistance and thus should show a
change in absorptance. Instead, from Fig. 5 it can be seen
that the two measurements give exactly the same result,
demonstrating the validity of the model used.

APPENDIX B: POWER DEPENDENCE

To verify that the signal is truly coming from the laser
and not from anything else, we also perform a laser-power
dependence. We perform the experiment using the WZ
GaAs NW, and the laser with a wavelength of 488 nm,
polarized parallel to the NW axis. We change the laser

2.50
995 L

2251 _ - Linear fit s 1
2.00 [ 7]
175 ]
1.50 | s i
1.95 2’ ]
1.00 - - -
0.75 F -

Ve

0.50 | on ]
0.25 ’ ]
0.00f ™ i
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FIG. 6. Power-dependence measurement performed on a WZ
GaAs NW, using a 488-nm laser polarized parallel to the NW
axis, the black dots show the experimental results, while the red
dashed line shows a linear fit with the intercept fixed at 0.
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FIG. 7. Simulated absorptance as a function of energy for a ZB
GaAs NW with a diameter of 70 nm. The symbols are assuming
the real, diffraction limited spot size, while the line is assuming
an average among these spot sizes to show the true energy depen-
dence. The full symbols represent simulations without any oxide
shell, the half filled symbols a 5-nm oxide shell, and the empty
symbols an 8-nm oxide shell. The line for the average spot size
is simulated without any oxide shell.

power from 2 to 50 uW, resulting in a change in incom-
ing laser power of approximately 1 to 25 wW. The result
of this experiment is shown in Fig. 6. As seen from this
plot, the absorbed varies linearly as a function of incoming
power, with an absorption of approximately 0.1. This value
is slightly lower than the value reported in the wavelength
dependence, which could be caused by minor alignment
differences.

APPENDIX C: SIMULATIONS

In order to further investigate the dependence of the
absorptance on experimental parameters we also perform
simulations on a ZB GaAs NW for an average laser spot
size, instead of the real wavelength-dependent laser spot
size; and for another oxide thickness. The results of this
study are shown in Fig. 7. As seen, the influence of the
laser spot size for these conditions are relatively small,
which justifies plotting our results as an energy depen-
dence. The thicker oxide shell further enforces the trends
already discussed in the main paper: the oxide shell plays
the largest role when there are optical resonances, and an
increasing oxide thickness can lead to either an increase or
decrease of the absorption, depending on the energy.
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