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ABSTRACT
Plasmonic near-field transducers (NFTs) play a key role in administering nanoscale heating for a number of applications ranging from medical
devices to next generation data processing technology. We present a novel multi-scale approach, combining quantum many-body perturba-
tion theory with finite-element modeling, to predict the electric and thermal material parameters of various Au-based, noble metal (M) alloys.
In particular, we focus on modeling their performance within an NFT designed to focus high-intensity, sub-diffracted light for technologies
such as nanoscale etching, manipulation, sensing, and heat-assisted magnetic recording. Elemental Au is the long-standing general-purpose
NFT medium due its excellent plasmonic performance at relevant wavelengths. However, elemental Au is a soft, ductile material that tends
to extrude and deform in response to extreme temperature gradients. Therefore, alloying Au with other noble metals, such as Ag, Cu, Pd,
or Pt, has attracted considerable interest for improved mechanical and thermal robustness while reaching threshold plasmonic generation at
standard optoelectronics operating wavelengths (e.g., ≈830 nm) and approximate high-power NFT temperatures (≈400 K). We predict that
certain Au–Ag alloys may offer improved thermal stability as whole-NFT media compared to elemental Au, alongside plasmonic figures of
merit comparable with that of Au. Simulations of certain solid solution Au–Pd/Pt alloys enable us to predict significantly enhanced thermal
conductivity. We predict that alloying with Pd at low concentrations ∼10% may preserve the NFT performance of Au, while offering the
benefits of improved thermal and mechanical stability.

© 2026 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0301151

I. INTRODUCTION

Au nano-particles and thin films are widely used in plasmonic
media for opto-electronic applications, such as optical and bio-
sensing,1–3 light and heat-assisted drug delivery systems,4–6 and data
processing and recording.7–12 This is due to their high plasmonic
performance throughout the near-infrared-visible (IR-vis) spectral
range.13 However, these applications often operate at temperatures
above room temperature, where dephasing rates increase and the
thermal conductivity of Au decreases significantly. This can be

detrimental for nanoscale components and device operation.14 It is
well known that Au is soft and may protrude or deform regardless
of design and given increases in temperature as little as a few tens
of Kelvin.15 These issues may greatly reduce the thermal stability
and, therefore, manufacturability of many Au-based nano-devices.
Hence, alloying Au with other noble metals, such as Ag, Cu, Pd, and
Pt, has been proposed to engineer both plasmonic and thermal prop-
erties for designated applications.16–21 This is true, for example, in
heat-assisted magnetic recording (HAMR), where the temperatures
of near-field transducers (NFTs) may exceed 400 K.22,23
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This present work is a proof-of-concept for a multi-scale mod-
eling workflow that goes from beyond-density-functional theory
first-principle electronic structure upward in scale. Using this, we
carried out a simulated performance assessment of Au-based alloys
as they fully or partially substitute the metallic components within
a metal–insulator–semiconductor (MIS) NFT that was previously
designed to be used in the HAMR device, as described in detail in
Ref. 24. The approach developed, and the alloys explored, could,
in principle, also be used to improve other NFT designs used in
nano-heating applications, such as bowtie, E- or C-aperture, and
a number of nanoparticle designs such as nanoparticle-on-mirror
(NPoM) structures, to name a few. Since it is impractical to explore
all possible alloy compositions, in what follows in this proof of prin-
ciple will look at two different alloying regimes, focusing first on
evaluating the plasmonic performance of mono-layer-stacked and
fully disordered bulk Au–Ag/Cu alloys, followed by that of fully dis-
ordered bulk Au–Pd/Pt alloys, throughout their composition space.
The multi-scale approach involves calculating first-principles elec-
tronic parameters, including quasiparticle renormalization effects
at the perturbative G0W0 level, and then on this basis generating
semi-empirical plasmonic and thermal material parameters, which
in the final step are fed into finite-element method (FEM) sim-
ulations to assess NFT device-level performance of the simulated
alloys.

The NFT design that we use as an example here24 is from the
context of HAMR, a next-generation high-density recording tech-
nology expected to store information on a ground-breaking scale
of tens of terabytes per square inch.9,12 The fundamental principle
behind HAMR is the nanosecond-scale heating of a local region
in the recording medium above its Curie temperature using sub-
diffraction focused light, and by doing so, reducing coercivity of
the region in order to enable magnetic recording. The key compo-
nent of this operation is the near-field transducer22,25 operating as a
plasmonic antenna used for local and fast heating. Depending on
the NFT, such a task typically requires either a localized surface-
plasmon (LSP)26,27 and/or a symmetric surface plasmon polariton
(SPP)28 mode at the operation wavelength. Regardless of the par-
ticular design, the heat–write–cool operation cycle has to be safely

repeated many thousands of times for a viable HAMR device. For
this, a sufficiently high plasmon population is required to heat
the recording medium above its Curie temperature, while avoiding
overheating of the metallic tip and accompanying heat sink in NFTs
at the operation wavelength, for which we choose 830 nm following
Ref. 24.

The NFT design in question, schematically illustrated in Fig. 1,
is a plasmonic antenna designed as a MIS layered structure that
supports a symmetric SPP mode.24 The photonic Si waveguide,
designed for single-mode operation, is excited with a fundamental
TM mode, which subsequently couples to the MIS-NFT, produc-
ing subdiffracted light via SPP excitation. The SPP mode travels
along the Au–SiO2 interface and is funneled to the tip of the tri-
angular antenna where nanoscale heating is generated. The NFT
was designed by Abadía et al. for operation at 830 nm, particu-
larly for HAMR,29,30 and optimized to function as a Fabry–Perot
plasmonic cavity (see the supplementary material for full device
details).24,31,32 For optimal HAMR operation, heating should be con-
fined at a 50 × 50 nm2 area or less on the recording medium. This
is achieved by using a plasmonic tip as small as 20 nm in the
cross-track (x) direction of Fig. 1.24 The small size scale combined
with the softening tendency of the elemental Au under relatively
high temperatures makes the plasmonic tip potentially vulnerable to
deformation. Therefore, it would be beneficial if the Au component
of the nanostructure can be replaced with alloys that could signif-
icantly increase the thermal stability and hardness of the NFT, in
particular at the air-bearing surface.24,29

The primary criterion for any NFT design is generating suffi-
cient plasmon populations, particularly high-quality SPPs for this
particular design. Two plasmonic figure-of-merits (p-FOMs) may be
used to assess the propensity for SPP generation in pristine mate-
rials. The first p-FOM is the electron-energy loss spectrum (EELS)
given by34–40

EELS = −Im[1/E ], (1)

where E= E1 + iE2 is the complex macroscopic dielectric func-
tion. EELS checks for a sufficient presence of nearly free electrons

FIG. 1. Schematic diagram of the hybrid antenna-based NFT used in multi-scale simulations, as designed in Ref. 24, demonstrating the placement of the write pole and
metallic heat-sink that is composed of Au or an Au alloy. The Si single-mode waveguide is designed to excite the fundamental TM mode that evanescently couples to an SPP
mode with the NFT, which propagates along the Au–SiO2 interface. The focused SPP generates nanoscale heating at the air-bearing surface (ABS) of the NFT tip, sitting only
a few nanometers above the recording medium. Please see the supplementary material for full simulation details. Coupled FEM simulations of Maxwell’s equations along
with the heat equation were carried out.33
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available for collective oscillations rather than forming particle–hole
pairs at a given wavelength.41 The second p-FOM is the quality of a
generated SPP, indicating its longevity, given by

QSPP(ω) = E
2

1 /E2. (2)

However, in a realistic geometry, these bulk FOM can only be
indicative at best, and indeed in this study, we have used them in that
spirit, helping somewhat narrow down the space of materials that
we targeted for device geometry specific finite-element Maxwell’s
equation modeling.

We obtained the macroscopic dielectric function using the pro-
cedure defined in Ref. 42 along with thermal parameters such as
thermal conductivity and heat capacity. Furthermore, we extracted
the relevant quantities in the cases of ordered Au–Ag and Au–Cu
alloys directly from the same work. This method is summarized in
Sec. II and the description of results and optimum Au-alloys for
nano-heating is provided in Sec. III.

II. THEORETICAL SPECTROSCOPY SIMULATION
METHODOLOGY

A systematic illustration of the work-flow used to obtain the
material parameters needed for the finite-element simulations is
shown in Fig. 2. Approximate Kohn–Sham density-functional the-
ory (KS-DFT),43,44 which uses local and semi-local approximations
for exchange and correlation,44–47 was used for constructing an ini-
tial approximation for the band-structure. KS band-structures, in
particular, offer convenient starting points for perturbative linear-
response theoretical spectroscopy approaches, such as the random-
phase approximation (RPA).38–40,48 However, the accuracy of the
RPA is highly dependent on the accuracy of electronic band-
structure provided as its starting point, and in particular, the
dressing of independent particles and holes by excitations can be
important. It has been shown that KS-DFT using local-density
approximations performs poorly in the case of noble metals42,49

due to absent non-local electronic exchange–correlation effects.
This error becomes more pronounced in spectral simulations, not
least in the case of noble metals.42,50–54 This can be partially over-
come by providing a quasiparticle band-structure, rather than the
non-interacting Kohn–Sham DFT band-structure, as the starting
point for RPA. In this work, we applied a set of stretching opera-
tors, which were obtained using one-shot, non-self-consistent GW
(G0W0)42,55 from first principles, to the KS band-structures. The
resulting stretched KS band-structures are used both in spectral
simulations and determination of fundamental material parameters,
such as thermal conductivity (see the supplementary material for
details).

The conventional RPA operates in the product space of the
occupied and unoccupied KS wave-functions, and these occupancies
need to be defined with high precision. In metals, in order to accu-
rately recover the Drude peak generated by intra-band transitions
within the RPA, an unfeasibly dense Brillouin zone sampling of the
Fermi surface is required.56 As a result, and following established
practice in this area, in this work the Drude plasmon contribu-
tion (also called the intra-band contribution) to the macroscopic
dielectric function (E ) is included via the Drude–Lorentz classical
model,57–60 where it is given by

FIG. 2. Schematic illustration of the work-flow followed here to obtain the material
parameters for finite-element simulations. The virtual crystal approximation (VCA)
is used to model virtual atoms of Au alloys with pseudo-potentials (PsP), which
are then fed into the approximate Kohn–Sham density-functional theory (KS-
DFT). Band stretching factors (sQP

v and sQP
c ) are then obtained by means of linear

regression to quasiparticle energies calculated using one-shot non-self-consistent
many-body perturbation theory (G0W0). Please see Sec. II for details. Color codes
are assigned to the first-principles parameters as gray and the semi-empirical para-
meters as pink. See the supplementary material for full lists of parameters used
and details of the computational methodology.

E
intra(ω) = ε∞ −

ω2
p

ω2 − iηpω
. (3)

Here, ωp, ηp, and ε∞ are the Drude plasmon energy, the phe-
nomenological inverse lifetime, and the electric permittivity at the
infinite-frequency limit, respectively. In order to construct a practi-
cal multi-scale work-flow appropriate to materials exploration and
interpolation, a phenomenological inverse lifetime and the electric
permittivity are determined from the experimental spectra of the
elemental metals in the infra-red region.

For a uniform, non-interacting electron gas, the Drude plas-
mon energy can be approximated by57,58,61

ω2
p =

4πN(EF)
meff

, (4)

where N(EF) is the density of states (DOS) at the Fermi level and
meff is the electron effective mass. The Drude plasmon energy can,
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however, be calculated within first principles starting from the elec-
tronic band structure using one-band theory.62 Within the one-band
theory, the effective mass of the metallic band is defined by assum-
ing that these bands have a parabolic dispersion to the Fermi surface
given by62

m−1
eff ≈

1
3
⟨v2(EF)⟩ =

1
3

⎛
⎜
⎝
∑

i
∫
SFi

dk v2
i (k)
⎞
⎟
⎠

⎛
⎜⎜
⎝
∑

j
∫
SFj

dk′
⎞
⎟⎟
⎠

−1

,

if v2
i (k) = ∣

∂Ei,k

∂k
∣
2
,

(5)

where SFi is the Fermi surface of the ith metallic band. This yields a
Drude plasmon energy that can be approximated as

ω2
p =

4π
3

N(EF)⟨v2(EF)⟩. (6)

Our work finds that Au–Ag binary alloys form continuous face-
centered cubic (FCC) solids for any given stoichiometric ratio, rather
than an ordered alloy. This is because they exhibit only short-range
ordering.63 While the Au–Cu alloys also prefer the continuous FCC
phase, Au3Cu, AuCu, and AuCu3 show ordered structures at ≈400 −
700 K.64 Similarly, Au3Pd and AuPd3 at ≈900 − 1110 K as well as
AuPd at ≈300 − 400 K show ordered structures, with the continu-
ous FCC phase being a general trend for other stoichiometric ratios

and temperature ranges.65 In the case of the Au–Pt alloys, there is
a large miscibility gap, where Au and Pt forms local sub-structures
for ⪆ %15 ratio of Pt at the lower temperatures; however, there is still
the continuous FCC phase of the low-concentration Pt alloys at ≈400
K, and high-concentration Pt alloys exist in a very narrow tempera-
ture belt between the miscibility and liquid phase regions of higher
temperatures.66 Hence, most of the Au–M alloys in this work have
continuous FCC solid solutions without long-range ordering. The
most comprehensive approach would be to achieve statistical aver-
aging of every possible spatial configuration within a quite large cell,
namely, the super-cell approximation, to be able to include the dis-
order in such alloys. However, it is not feasible for high-throughput
simulations, much less those involving many-body perturbation the-
ory. An expedient, if approximate, approach, instead, is to replace
the Au–M atom pairs with a virtual atom, which interpolates the
behaviors of original atoms, namely, the virtual crystal approxima-
tion (VCA).67,68 This can be applied within the approximate KS-DFT
via a mixing scheme for the pseudo-potential (PsP) of the virtual
atom using the constituting atoms A and B, given by68

Vvirtual
PsP (r, r′) = (1 − x)VA

PsP(r, r′) + xVB
PsP(r, r′). (7)

Here, “x” refers to the amount of alloyed metal. The VCA pro-
vides a simple scheme for fully disordered case, which excludes any
ordering, both long-range and short-range.

FIG. 3. Simulated refractive indices
(n) and extinction coefficients (k)
for the mono-layer-stacked ordered
(solid curves) and fully disordered
(dashed) Au–Ag alloy series. Simulation
methodology, described here and in
Ref. 42, comprises density-functional
theory, many-body perturbation theory
including exciton binding within the one-
shot G0W0, and RPA approximations,
including local-field effects, together with
a semi-empirical interpolation scheme
for Drude model parameters for the
intra-band (low-energy) regime. Fully
disordered alloying is simulated within
the virtual crystal approximation.
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III. RESULTS
Alloying permits frequency-dependent optical properties to be

achieved that are different to those of the parent metals and certainly
beyond just their linear interpolation. Our results show, however,
that the strength of this change depends on the driving frequency
and also on whether ordered or disordered alloying is present.
Figure 3 shows a representative set of simulated refractive indices (n)
and extinction coefficients (k) for the mono-layer-stacked ordered
(solid curves) and fully disordered (dashed) Au–Ag alloy series.
Here, we see that at certain frequencies, particularly in the inter-
band (higher-energy, post-Drude) regime, the alloy-composition
dependence can counter-intuitively be stronger in the disordered
alloying case, on the basis of our simulations. Such spectra depend
intricately on the precise details of the electronic bandstructure
and how that is calculated, and then, the theory used to capture
interactions between electron–hole pairs and the applied field.

The corresponding plot to Fig. 3 for the Au–Cu alloy series
is provided in the supplementary material. Focusing our attention
to our aforementioned target incident wavelength of 830 nm (just
below 1.5 eV in vacuum), we find that the alloy composition depen-
dence is much more modest (precise values are provided in the
supplementary material). The ordered alloys in this near-infrared
regime tend to show higher n and k values, based on simula-
tion, but not at all composition values. These figures convey the
qualitative result that the variation with respect to wavelength is
rather subtle (particularly for n) in the near-infrared wavelength
regime, and while there may be performance gains available through
varying the incident wavelength, unless significant changes are
made, this may be slight compared to that gained through alloying,
among other factors. In some of our previously reported work from
Ref. 42, we considered three significantly different wavelengths, but
only regarding bulk optical properties and while mixing fewer metals
in simulation. For the remainder of the present work, we will restrict
our attention to incident light at 830 nm.

Despite being a well-known plasmonic metal, elemental Ag
produces weaker plasmons than Au at 830 nm, indicated by its nor-
malized EELS amplitude shown in Fig. 4(a), (left), as it has a single
and narrow plasmonic peak at ∼330 nm.42 However, the small pop-
ulation of SPPs of Ag-rich alloys is longer lived compared to that of
elemental Au, as shown in Fig. 4(a), (right). Interestingly, the mono-
layer-stacked AuAg3 exhibits exceptionally high-quality SPPs, while
still exhibiting significant simulated generation. Furthermore, it has
a predicted thermal conductivity of κ = 669 (W m−1 K−1), sig-
nificantly higher than the κ = 312 (W m−1 K−1) of the elemental
Au. To calculate the conductivity, our predictions include vari-
ous semi-empirically approximated scattering processes, such as the
electron–phonon, the electron–electron, and the electron-impurity
scattering, and subsequently also calculated the specific heat capac-
ity for FEM simulations of the heat equation (see the supplementary
material for details and values).

The elemental metals Au and Cu exhibit rather similar affini-
ties for SPP generation. Disordered AuxCu1−x alloys produce lower
quality SPPs, shown in Fig. 4(b), regardless of the fractional ratios.
On the other hand, mono-layer-stacked Au3Cu, AuCu, and AuCu3
show improved qualities in simulation, with strong plasmons and
improved thermal conductivities compared to both the elemental
Au and Cu (see the supplementary material). As shown in Fig. 4(c),

FIG. 4. Amplitudes at 830 nm of electron energy-loss (left column) and the surface-
plasmon polariton quality factor (right column) of row (a): the mono-layer-stacked
and fully disordered Au–Ag alloys; row (b): mono-layer-stacked and fully disor-
dered Au–Cu alloys, and row (c): fully disordered Au–Pd/Pt alloys. All values are
normalized against the elemental Au values, which are set to a value of 1. The
ordered Au–Ag and Au–Cu alloy cases were extracted from Ref. 42, for which the
matching fractional stoichiometric ratios for the fully ordered were chosen.

Pd- and Pt-rich alloys produce strong, but quite short-living plas-
mons. On the contrary, Au-rich fully disordered Au–Pd/Pt improve
the SPP qualities significantly. Unfortunately, mixing Au with either
Pd or Pt appears to substantially reduce thermal conductivity, unsur-
prisingly as the elemental Pd and Pt are relatively poor thermally
conductive materials. For the avoidance of doubt, we emphasize here
that alloy scattering is not considered in our calculations, which can
only diminish thermal conductivity.

We performed FEM simulations using the candidate alloys with
potentially promising plasmon generation and improved thermal
conductivity, following initial screening. In the NFT design, SPPs
are generated by using a threefold process, namely, (1) effective
index matching, for a photonic waveguide mode with the plasmonic
mode, done by adjusting the thickness of the insulator layer, (2)
designing the MIS waveguide component as a Fabry–Perot cavity,
and (3) tapering to achieve localized heating suitable in media for
HAMR. In Figs. 5(b) and 5(c), we show the temperature, heat flux,
and thermal gradients magnitude of the NFT and within the cen-
ter of a FePt magnetic layer often used in recording media (see the
supplementary material for full media materials/dimensions). The
size of the heated region may be controlled by adjusting the input
power where the bulk of the power within the NFT is seen to be
concentrated within the tip of the NFT (red region).69 This is vital
for maximizing areal bit densities in magnetic recording devices,
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FIG. 5. (a) Minimal model of an M-I-S hybrid plasmonic waveguide suitable as an NFT for HAMR, from Ref. 24. The air-bearing surface (ABS) is 20 nm along the x-direction
(cross track) and 70 nm (Au + SiO2) in the y-direction (down track). See the supplementary material for a full list of dimensions. (b) Planar cross section taken from the
metal–insulator interface showing the location of maximum heat flux (W/m2), the z-component, i.e., easy axis component of which is shown on the color scale. AuPt/Pd
alloys with concentrations of Pd/Pt of 30%, 50%, or 70% were simulated in the NFT region with the highest power per unit area (demarked by the white dotted line), where
softening of the Au may occur given temperatures circa 400 K. (c) Cross section from the center of the recording layer [black vertical line in panel (b)] located 13.5 nm
away from the ABS, showing temperatures reaching above typical values for the Curie temperature of FePt. The magnitude of the temperature gradient is also plotted
with maximum cross- and down-track values listed in Table I. We note that no temperature-related boundary conditions are imposed on the NFT or heatsink within thermal
simulations. Only the outermost boundaries of the simulation are set to room temperature, 293.15 K, with a minimum air gap of 35 nm to the heatsink. The fixed-temperature
boundaries are very well-separated from the NFT. See the supplementary material for surface profiles of the temperature distribution through the NFT.

particularly due to the relatively strong cross (x axis) and down
(y) track gradients produced in the media. This reduces heating of
adjacent bits, thus preventing overwriting.

Table I contains a comparative analysis of the thermal perfor-
mance22 when replacing the Au components with various Au alloys
as well as the last 10 nm section from the ABS. Figure of merits
used to quantify the thermal performance of the NFT are adopted
from Refs. 22 and 24. The dimensions of the NFT design used
in simulations, being originally optimized using pure Au, are left
unchanged. Therefore, we notice comparable optical performance
(required input power, Pin) using alloys with similar refractive
indices to Au. We find that in order to simultaneously have an
improved thermal performance, alloys that have larger thermal con-
ductivities than pure Au are desired. Therefore, Table I reports on a
number of AuxAg1−x alloys used to replace the entire metallic section
of the NFT with a noticeable effect. In particular, a crucial figure
of merit for thermal stability, which compares the change in FePt

temperature to that of the Au in the NFT (ΔTMedia/ΔTAu), is
markedly improved. The values for maximum temperature in the
metallic component of the NFT (Tmax

metal) lies within the bright
orange/red region of Fig. 4(b), while the maximum temperature of
the FePt layer (Tmax

FePt) lies just to the left of the blue region [con-
tours of Fig. 4(c)]. While their exact positions may vary by a few
nanometers, both areas are regions of maximum heat flux, i.e., heat
transport. It should also be noted that thermal gradients in the
recording layer, a crucial figure of merit for bit density, tend to
be larger for Au alloys that index match well with pure Au and
more effectively localize power within the recording layer, i.e., more
effectively demonstrate better optical efficiency.

Au alloyed with a small percentage (10%) of Pt/Pd, which are
expected to have improved hardness by the rule of mixing, also
performed well by demonstrating in simulation a similar figure of
merit for thermal stability to that of pure Au. However, for alloys
with higher concentrations of Pd/Pt, replacing the entire metallic
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TABLE I. Simulated thermal efficiency of NFT with a tapered, hybrid plasmonic waveguide24 using various Au-alloys. Here, temperature less than 400 K is considered desirable
for Au while maximizing the temperature in the media. High thermal gradients are also considered desirable here in order to localize the heating as much as possible. The reported
values for the refractive index of Au vary, and the value used here for Au of n ≈ 0.068 is derived from first principles. Thermal conductivity values (κ) are semi-empirically derived
for each alloy (see the supplementary material for details).

κ (W m−1 K−1) ΔTFePt/ΔTmetal Tmax
metal (K) Tmax

FePt (K)

Max. cross.
track grad.

(K/nm)

Max.
downtrack

grad. (K/nm)

Alloying of the metallic section of NFT and heat-sink for optimized nanoheating figures of merit

(Au), n ≈ 0.068, Pin = 3.75 mW 312 6.2 389 891 16.7 17.6
(AuAg7) Pin = 4.00 mW 347.9 6.5 381 867 15.3 16.0
(AuAg3) Pin = 6.75 mW 669.2 7.1 376 885 11.7 10.8
(Au0.125Ag0.875) Pin = 4.50 mW 469 7.0 381 911 15.3 15.7
(Au0.9Pd0.1) Pin = 6.50 mW 488.5 6.2 393 911 11.3 15.4

Alloying 10 nm tip of the metallic section

(Pd) Pin = 3.75 mW 75 3.0 418 668 8.1 9.4
(Au0.5Pd0.5) Pin = 3.75 mW 143.7 4.5 393 (436 in the alloy section) 740 9.8 11.3
(Au0.3Pt0.7) Pin = 4.25 mW 179.1 4.7 402 (432 in the alloy section) 800 10.8 12.5
(Au0.7Pt0.3) Pin = 4.25 mW 602 4.8 393 (402 in the alloy section) 775 9.4 11.1

component yielded a lower optical and thermally efficiency in
simulation due to poorer index matching between photonic and
plasmonic modes. However, they were simulated to be potentially
suitable for transducer operation when replacing a smaller section
near the tip of the NFT, where the majority of power is concentrated.
Although optical and thermal efficiency was lower, these alloys are
anticipated to have smaller coefficients of expansion.

IV. CONCLUSIONS
To conclude, we have calculated electronic and thermal

material parameters used to measure the plasmonic performance
for Au–M alloys suitable for nanoheating applications. By substitut-
ing, fully or partially, the metallic parts of a previously introduced
model NFT design, we demonstrate that plasmonic performance is
generally maintained or reduced at 830 nm. However, it potentially
enables the engineering of desired thermal performance of Au-based
NFTs and possibly improved mechanical durability under relatively
high-power conditions. We presented the multiscale design protocol
as a proof-of-concept within a representative, previously demon-
strated NFT design; however, it is suitable to be modified for a
number of nanoscale heating applications. Despite our focus on a
single operation wavelength and temperature, our assessment proce-
dure is easily applicable to any wavelength, miscible combinations of
metals, and reasonable temperature at which phonon contributions
are relatively small in those.

SUPPLEMENTARY MATERIAL

We refer the reader to the supplementary material that pro-
vides details of computational methodology; the semi-empirical
thermal parameters used; the optimized first-principles simulation
parameters; and the thermal, optical, and finite-element simulation
parameters used.
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