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A B S T R A C T

The US industries reject nearly 20–50% of the consumed energy into the environment as waste heat. Harvesting
this huge amount of heat can substantially improve the energy usage efficiency. For waste heat in the medium
temperature range (~ 500–900 K), traditional solid-state waste heat recovery techniques like thermoelectric
generators and thermophotovoltaics (TPVs) are still suffering from relatively low efficiency or power density. In
this work, we analyze a near-field TPV system consisting of a plasmonic emitter (indium tin oxide) and a narrow-
bandgap photovoltaic cell (InAs) that are brought to deep sub-wavelength distances for high-efficiency and high-
power-density waste heat recovery. We show that despite the inclusion of realistic nonradiative recombination
rates and sub-bandgap heat transfer, such a near-field TPV system can convert heat to electricity with up to
nearly 40% efficiency and 11 W/cm2 power density at a 900 K emitter temperature, because of the spectral
reshaping and enhancement by the thermally excited surface plasmons and waveguide modes. Thus, we show
that for waste heat recovery, near-field TPV systems can have performances that significantly exceed typical
thermoelectric systems. We propose a modified system to further enhance the power density by using a thin
metal film on the cell, achieving a counterintuitively “blocking-assisted” heat transfer and power generation in
the near-field regime.

1. Introduction

About 20–50% of the energy consumed in the US industries is re-
jected into the environment as waste heat in the form of hot exhaust
gases, cooling water, and heat lost from hot equipment surfaces [1].
Harvesting this enormous amount of heat is thus of critical importance
for improving the efficiency of energy usage and reducing carbon
emissions. Currently, the most-widely used solid-state techniques for
this purpose involve thermoelectric generators. Thermoelectric gen-
erators can typically provide power density on the order of 1 W/cm2

from waste heat sources at medium temperature level (~ 500–900 K),
but the efficiency is still relatively low (typically< 10%). Further im-
provement of their efficiency requires a development of new thermo-
electric materials with high figures of merit, which is currently a very
active area of research [2,3].

Thermophotovoltaics (TPVs) offer an interesting alternative solid-
state approach for waste heat recovery [4]. A TPV system uses the
waste heat to heat up an emitter. The thermal emission from the emitter
is then converted to electricity via the photovoltaic effect. At present,
the experimentally demonstrated efficiency of thermophotovoltaic
systems is approaching 10% [5–10]. Moreover, there has been an ex-
tensive literature indicating that a higher system efficiency is possible

especially by controlling the thermal radiation from the emitter based
on various nanophotonic designs [11–21]. Thus, the achievable system
efficiency using TPVs should be at least quite competitive as compared
to the thermoelectric approach.

The key challenge in using TPV for waste heat recovery then is to
achieve high power density while maintaining efficiency. TPV using far-
field radiative heat transfer has limited power density, since in the far
field, only the propagating-wave channels can be used to transfer en-
ergy, and hence the heat transfer is fundamentally constraint by the
blackbody limit. In the near-field regime where two objects are brought
to a distance that is much smaller than the characteristic wavelength of
the thermal radiation, the evanescent-wave channels can be used and
the radiative heat transfer rate can be enhanced to orders of magnitude
larger than the blackbody limit [22–35]. Near-field TPVs based on this
effect have been demonstrated to possess enhanced efficiencies and
power densities as compared to far-field TPVs [36–45].

For the temperature range for waste heat recovery, Ilic et al. [46]
calculated that a near-field TPV system using an InAs cell and an in-
dium tin oxide (ITO) emitter can yield an electric power density of
0.36 W/cm2 with an efficiency of 12% at an emitter temperature of
600 K, due to the enhancement of near-field heat transfer from the
surface plasmons of ITO. This analysis showed the great potential of
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near-field TPV system for waste heat recovery. However, the calcula-
tion of Ilic et al. is idealized. For example, some of intrinsic non-ide-
alities, including nonradiative recombination and the sub-bandgap heat
transfer, were not taken into account. Since the effects of these non-
idealities can be quite significant, it is important to provide a more
realistic assessment of the performance of the near-field TPV system for
waste heat recovery.

In this paper, we reexamine the near-field TPV system based on a
plasmonic emitter (ITO) and a narrow-bandgap thin-film cell (InAs),
taking into account the effects of nonradiative recombination in semi-
conductors and sub-bandgap heat transfer, in the context of recovering
waste heat with a temperature around 900 K. The calculations are
based on a detailed balance analysis and the formalism of fluctuational
electrodynamics. We show that, with proper design, despite the inclu-
sion of non-idealities, the power density and efficiency can significantly
exceed what has been achieved in typical thermo-electric approaches.
Also, unlike the idealized case considered in Ref. [46], in the presence
of non-radiative recombination it is preferable to use a thin photo-
voltaic cell. We show that while the dominant enhancement effect
comes from the thermally excited surface plasmon resonances, the
waveguide modes in the thin cell play a significant role as well, espe-
cially at relatively large gap distances. Finally, we demonstrate that the
power density can be further enhanced by placing a thin metal film on
the cell. This is a somewhat counterintuitive result since one might
think that the thin metal film might serve to block the near-field ra-
diation.

The rest of the paper is organized as follows: In Section 2, we ex-
plain the theoretical models used to calculate the electric power and
efficiency of the system. In Section 3, we discuss the performance of the
proposed TPV system and the underlying physical mechanism. We
evaluate the performance of the system when the emitter temperature
changes between 500–1200 K. In Section 4, we discuss a modified
system which contains a thin metal film on the cell. In Section 5, we
summarize the findings of this work.

2. Theory and methods

We consider a near-field TPV system depicted in Fig. 1. ITO and
InAs are the emitter and cell material, respectively. Heat is conducted
from the heat source to the emitter, and the thermal radiation from the
emitter is converted to electricity in the photovoltaic cell, with part of
the heat dumped to the heat sink. A tungsten layer is used as the me-
chanical support of the ITO thin film, and it can also serve as a heat
spreader to ensure uniform temperature in the ITO emitter. We take
into account this tungsten layer in the electromagnetic modeling; it is
modeled as infinitely thick in our calculation. The metal contact on the

backside of the InAs cell is modeled as a perfect mirror. In practice, one
can use a metallic material that is reflective in the infrared range of
interest. Such a mirror helps to recycle the low-energy photons and
hence enhance the system efficiency [40]. The ITO emitter including
the tungsten is assumed to be uniformly at temperature T1. The cell is
cooled by a heat sink and its temperature is maintained at T2, which is
assumed to be at 300 K in this work. The thicknesses of the ITO emitter
and InAs cell are t1 and t2, respectively, and the gap spacing between
the emitter and cell is denoted by d.

We calculate the performance of the system shown in Fig. 1 based
on the detailed balance analysis [47]. The current density in the cell, J,
is obtained by

= − −J q F F V R V[ (0) ( ) ( )]12 21 (1)

where q is the elementary charge. In Eq. (1), R is the nonradiative re-
combination rate inside the cell and can be modeled by [48]
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In Eq. (2), n and p are the electron and hole concentrations, re-
spectively, which depend on the voltage and the doping level. ni = 6.06
× 1014 cm−3 is the intrinsic carrier concentration. Cp = Cn = 2.26 ×
10−27 cm6 s−1 are the Auger recombination coefficients. τ is the bulk
Shockley-Read-Hall (SRH) lifetime. In this work, we assume an n-doped
InAs cell with a doping level × −2 10 cm16 3 and τ = 100 ns [49].

In Eq. (1), Fij denotes the number flux of photons with energy above
the bandgap from body i to j, with the subscript 1 represents the emitter
and 2 represents the cell. These photon fluxes are computed using the
formalism of fluctuational electrodynamics [50,51], which results in
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In Eq. (3), ħ is the reduced Planck constant, ω is the angular fre-
quency, β designates the magnitude of the wavevector in the x-y plane,
ξ ω β( , ) is the photon tunneling probability (also called energy trans-
mission coefficient), ωc is the angular frequency corresponding to the
bandgap of the cell, and Θ(ω,T,V) is the expectation value of photon
energy in a single mode at angular frequency ω
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where kB is the Boltzmann constant. V is the applied voltage and it is
zero for the emitter. The photon tunneling probability includes con-
tributions from both the transverse electric (TE) waves (s-polarization)
and transverse magnetic (TM) waves (p-polarization), i.e., ξ ω β( , ) =
ξ ω β( , )s + ξ ω β( , )p , where
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with j denoting either s or p polarization. In Eq. (5), r1j and r2j are the
reflection coefficients of the emitter and cell, respectively, and Im takes
the imaginary part [52]. The magnitude and the z-component of the
wavevector in vacuum are denoted as k0 and kz0, respectively. We note
that Eq. (5) contains the contribution of the propagating waves ( <β k0)
and the evanescent waves ( >β k0). In the far field, only the propagating
waves contribute to the power transfer, but the evanescent waves
contribute dominantly in the near-field regime.

The heat transfer rate (denoted by E below) has contributions both
from frequency components above the bandgap due to electronic ex-
citations (Ee), and from frequency components below the bandgap due
to phonon-polariton excitations (Ep), i.e., E = Ee + Ep, with

Fig. 1. Schematic of the near-field TPV system. The emitter is made of ITO and the cell is
InAs. The temperatures of the ITO emitter and cell are T1 and T2, respectively. The
thicknesses of the ITO emitter and InAs cell are t1 and t2, respectively, and the gap spacing
between the emitter and cell is denoted by d.
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Eqs. (6) and (7) contain double integrations over ω and β. We obtain
the spectral heat flux by integrating only over β. The power density and
the efficiency of the system are defined as

=P JV (8)

and

=
+

×η P
E E

100%e p (9)

These two equations are used to maximize P and η with respect to V.
In general, the maximum P and η are achieved at different voltages.

For a high-performance TPV system, we desire a high spectral heat
transfer right above the bandgap of the cell. It is well known that sur-
face resonances can significantly enhance near-field heat transfer
[36,37,46]. In this work, we choose InAs, which is commonly used for
TPV system, as the photovoltaic cell. The optical properties of InAs, as
well as tungsten as shown in Fig. 1, are obtained from Ref. [53]. Since
the bandgap energy of InAs is at 0.354 eV at 300 K, infrared plasmonic
emitters such as transparent conductive oxides [54], which support
surface resonances that are slightly above this energy, would be a po-
tentially good choice for the emitter. We use ITO in this work for its
wide availability and high-temperature stability (up to 1400 °C) [55].
The dielectric constant of ITO is modeled by a free-electron Drude
model = − +∞ε ω ε ω ω iωΓ( ) (1 /( ))p

2 2 , where =∞ε 4, = −ω 0.4 0.9 eVp ,
and = −Γ 0.1 0.15 eV[56]. Note that the plasma frequency and
damping rate is tunable by controlling the amount of oxygen during
deposition, which offers a degree of freedom to optimize the perfor-
mance of the TPV system. On the interface of semi-infinite ITO and
vacuum, there is a strong surface plasmonic resonance, which is p-po-
larized, at the frequency when the real part of ε, i.e., εRe( ), approaches
−1. This frequency can be estimated as ≈ +∞ ∞ω ε ε ω/( 1)res p, which is
about 0.9ωp for ITO. In this work, we therefore choose an ITO plasma
frequency ωp = 0.5 eV, such that the surface resonance frequency, at
0.44 eV, is slightly above the bandgap of InAs. Such an ITO layer has a
relaxation rate of Γ = 0.1 eV.

3. Performance of ITO-InAs near-field TPV

We first focus on optimizing the structure for a heat source at a
temperature T1 = 900 K. We find that P and η increase with the ITO
film thickness t1 and become insensitive to t1 once t1> 30 nm. Thus, we
set t1 = 30 nm in this work. As to the cell thickness t2, a thicker cell has
a higher absorption but also higher non-radiative recombination, as can
be seen in Eq. (2). Thus, once the nonradiative recombination is taken
into account the cell thickness needs to be optimized. In addition,
previous studies suggest that thin-film cells can support waveguide
modes that enhance the absorption in the cell [41]. In our simulations,
we vary t2 between 0.1 and 3 µm to find the cell thickness that max-
imizes P or η. Fig. 2 displays the maximum P and η at different gap
distances. The optimized t2 for P is shown in the inset. At d = 10 nm, P
reaches 11 W/cm2, which significantly exceeds typical thermoelectric
systems operating in this temperature range [2], and is comparable to
the state-of-the-art thermoelectric systems [57]. On the other hand, the
maximum efficiency of this system, at nearly 40%, is significantly
higher than the maximum efficiency of the currently available ther-
moelectric systems. We note that the efficiency at the maximum power
point is 39.3%, quite close to the maximum efficiency point.

In order to analyze the mechanism responsible for such high per-
formance, we show the spectral heat flux including the contribution
from both s- and p-polarizations at the maximum power P at d = 10 nm

and T1 = 900 K in Fig. 3. Compared to the far-field blackbody spec-
trum, the spectral heat flux in the near field is significantly enhanced
and redistributed in the near field. There is a spectral peak slightly
above the bandgap, from which the power is produced. Another heat
transfer peak exists below the bandgap around 0.45 × 1014 rad/s that
does not contribute to power generation and therefore is parasitic.

The physical origins of these two peaks are better illustrated by
examining the transmission coefficient (ξ in Eq. (3)) as a function of ω
and β, as shown in Fig. 4(a) and (b). The bright color indicates a high
transmission coefficient. The green dashed lines are the light lines of
vacuum and InAs, respectively. Note that due to the sum of both s and p
polarizations the maximum transmission coefficient is 2.

In the above-bandgap frequency range, InAs exhibits significant
absorption since it is a direct band gap material. Both the waveguide
modes in the InAs film [41,44] and the SPPs on the interface of ITO and
vacuum are excited as indicated by the bright bands. The dispersion
curve of the SPPs is overlaid on the plot to further justify the inter-
pretation of one of the resonances as the SPP from the ITO layer. Thus,
both the waveguide modes and the SPPs contribute to the above-
bandgap peak in Fig. 2.

Fig. 2. Maximum electric power and efficiency of the near-field TPV at T1 = 900 K. The
inset shows the cell thickness at the maximum P for each gap distance.

Fig. 3. Spectral heat flux at the maximum electric power density for the near-field TPV at
d = 10 nm and T1 = 900 K. The bandgap of InAs is ωc = 5.5 × 1014 rad/s and is marked
using a vertical dashed line on the plot.
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To further analyze the role of the ITO SPPs, we separate the con-
tribution from the s- and p-polarizations. The surface modes are p-po-
larized [36,37] and the waveguide modes can be excited for both po-
larizations [41]. The blue dot-dashed curve in Fig. 3 shows the spectral
heat flux contributed by p-polarization waves only. The spectrum is
very similar to the spectrum that contains contributions of both po-
larizations, indicating that the dominating contribution is from the p-
polarized modes. To further separate the contribution of the surface
modes from that of the waveguide modes, we evaluate the spectral heat
flux by setting the lower bound of the integration of β to nInAsω/c0. By
doing this, the waveguide modes are excluded from the integration. The
obtained spectral heat flux is shown in Fig. 3 as the orange dashed line.
The small difference between the spectra with and without the con-
tributions from the waveguide modes indicates that the surface re-
sonances dominate the above-bandgap spectral heat flux peak. This can
be understood since the wavevector β of the waveguide modes are
limited by the refractive index of InAs (nInAs) but the wavevector of the
ITO SPPs are not thus limited and can be much larger near ωres, re-
sulting in an enhanced spectral heat flux based on Eq. (6). Therefore,
even though a thin cell is used in this system, at the gap spacing of
10 nm, the waveguide mode does not play a significant role in the near-
field heat transfer, in contrast with some of the previous works using
thin cells where waveguide modes play a more significant role [41,44].
We note that, however, the contribution of the ITO SPPs decays faster

compared to the waveguide modes as the gap spacing increases, and
therefore, the waveguide modes can be dominant at larger gap dis-
tances. For example, at d = 100 nm, the waveguide mode contributes
more than 90% of the above-bandgap heat transfer, though the power
density P drops to about 0.25 W/cm2.

In the frequency range below the InAs band gap, the heat flux peak
around 0.45 × 1014 rad/s is induced by the surface phonon polaritons
(SPhPs) of InAs as can be identified in Fig. 4(b). Since InAs is a polar
material, the real part of the dielectric function goes from positive to
negative around the optical phonon frequency. At the frequency where
Re(ε) is close to −1 (not exactly −1 because of the effect of the ITO
emitter [58]), the SPhPs can be excited and contribute significantly to
heat transfer [21]. We perform a spectral integration in the spectral
region at the vicinity of SPhPs. It turns out that over 10% of the heat
flux is contributed by the SPhPs, though the spectral peak is relatively
narrow. We note that the wave vectors of SPPs are much larger com-
pared to that of SPhPs. Therefore, when the gap distance decreases, the
contribution of SPPs increases faster than SPhPs, and the above-
bandgap heat transfer increases by a larger amount than the below-
bandgap parasitic heat transfer does. The efficiency and electrical
power thus both increase with reducing gap distance.

To evaluate the performance of the proposed system at different
temperatures, we show in Fig. 5(a) and (b) the maximum electric power
and efficiency of the system when T1 is between 500 K and 1200 K,
respectively. In the calculation, the thickness of the cell is fixed at
0.39 µm based on the optimized results in Fig. 2. Since the photon
energy distribution changes based on Eq. (4), the optimized plasma
frequency for the emitter also changes as a function of temperature. We
fix Γ at 0.1 eV but allow ωp to change between 0.4 and 0.9 eV in the
calculation. The maximum P and η of the system increase as the tem-
perature increases. The maximum values are 54 W/cm2 and 47% at
1200 K with a 10-nm gap spacing. Therefore, near-field TPVs can be
very promising for waste heat recovery under high operating tem-
peratures where one cannot use thermoelectric generators [3,57]. The
efficiency falls below 10% for T1 = 500 K even at d = 10 nm gap
spacing because of the significant contribution from parasitic heat
transfer due to the phonon-polariton of InAs [21]. The power density
drops to below 0.1 W/cm2. To improve the performance for this low-
temperature range, we may apply similar designs but use a narrower-
bandgap semiconductor such as InSb, together with a plasmonic ma-
terial with a lower plasma frequency [46].

Ref. [46] analyzed this system in the absence of nonradiative re-
combination, and obtained an optimal power of P = 0.36 W/cm2 and
efficiency η = 12%, when the emitter temperature T1 is set at 600 K.
(We were able to reproduce this result in our model by taking into
account only the contributions of the p-polarizations. Taking into ac-
count both polarizations further bring down the efficiency to 9% since
the sub-bandgap heat transfer also has substantial contributions from
the s-polarizations.) In contrast, in Fig. 5(a) and (b), we show that this
system can achieve an optimal power of P= 0.45 W/cm2 and efficiency
η = 15.3%, even after we take into account the nonradiative re-
combination. The higher efficiency and power density is achieved by
tuning the plasma frequency of the ITO, and also by tuning the thick-
ness of the InAs layer.

Fig. 5(c) shows the optimized plasma frequency for the ITO at dif-
ferent emitter temperatures and gap distances. In general, the opti-
mized plasma frequency shifts to higher values at higher temperatures.
For d = 10 nm, since the dominant contribution is from the surface
waves, it is better to have the surface plasmon frequency to be just
above the bandgap and hence the choice of the plasma frequency shows
a weaker temperature dependency as compared to larger gap spacing.

4. Power density enhancement with a thin Pt layer on top of the
cell

Based on the near-field TPV configuration as considered above, we

Fig. 4. Transmission coefficient as a function of ω and β for the near-field TPV system
when d = 10 nm. (a) is for a high-frequency spectral range and (b) is for a low-frequency
spectral range. The green dashed lines are the light lines of vacuum and InAs, and the
white dashed line is the dispersion of the SPP on the ITO-vacuum interface. Wavevector β
is normalized by β0 = ω0/c0 with ω0 = 1014 rad/s and c0 the speed of light in vacuum.
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propose a modification to further improve the power density. Since the
absorption in the cell is proportional to E 2, where E is the electric field
in the cell, to improve the power density it is preferable to have a larger
E-field in the cell. We note that the SPPs on the interface of ITO and
vacuum are evanescent because of the large parallel wavevectors, and
thus the mode profile decays exponentially away from the emitter
surface (as indicated in Fig. 1). Since the cell is away from the ITO
surface, only the evanescent tail of the modal electric field of the SPP
contributes to the enhancement of the absorption in the cell. To fully
take advantage of the strong electric field intensity associated with
surface resonances, it is instead preferable to create surface resonances
as close to the cell as possible. Here, we propose to simply use a thin
metal layer to cover the cell to achieve this goal. This may be

counterintuitive since one might think that a metal layer would be
highly reflective in the far field and thus suppresses the absorption in
the cell. Here a very thin layer is used such that the reflection effect is
not very significant and one can achieve a strong near-field enhance-
ment.

The inset in Fig. 6(a) shows a schematic of the modified near-field
TPV. We use a 2-nm platinum (Pt) to cover the InAs cell because Pt film
has a relatively lower plasma frequency compared to other noble metals
like Ag and Au, and such a thin layer has been experimentally fabri-
cated on various substrates [59,60]. The other layers of the TPV
structure remain unchanged. Gap spacing d is 10 nm and the distance
between the InAs cell and ITO emitter is thus 12 nm. The dielectric
function of Pt is given by a Drude model = − +∞ε ω ε ω ω iωΓ( ) /( )p

2 2 ,
where =∞ε 5.4, =ω 5.145 eVp , and =Γ 0.069 eV[61,62]. In evaluating
such a modified system, it is critical to separate the absorption in the
metal layer from that in the cell since only the absorption in the cell can
be used to produce electricity. Here, we use dyadic Green's functions
[50] together with the scattering matrix method [63] to obtain the
transmission coefficients from the emitter to the Pt-covered InAs cell
(including the Pt film) and only the InAs cell (excluding the Pt film).

Fig. 6(a) shows the spectral heat flux absorbed by the Pt and InAs
cell as well as by only the InAs cell at the maximum electric power
density when d = 10 nm and T1 = 900 K. The Pt film induces sub-
stantial sub-bandgap heat transfer as suggested by the significant por-
tion below the bandgap. Comparing Fig. 6(a) with Fig. 3, we note that
the spectral heat flux peak due to SPhPs is suppressed by the covered Pt
layer. The spectrum for the InAs cell has a very similar shape to the
spectrum in Fig. 3 because the absorption in InAs still relies on inter-
band transitions. Integrating the spectral heat flux in Pt and InAs cell
yields a heat transfer rate of 561.8 W/cm2, which is nearly 20-fold
compared to the case without the Pt film shown in Fig. 3. About 13% of
the total heat transfer (73.7 W/cm2) is absorbed in the InAs, yielding an
electric power density of 31 W/cm2. This value is nearly three times the
maximum electric power density without the Pt film, though the effi-
ciency becomes much lower to 5.5% because of the substantial ab-
sorption in the Pt film. This technique is valuable in waste heat re-
covery in those applications when one is primarily concerned with
power density rather than efficiency.

The substantial increase of power density comes from the thermally
excited plasmonic resonances in Pt film. Fig. 6(b) shows the transmis-
sion coefficient between the emitter and the Pt-covered InAs cell. The
ITO SPP branch is still present but a new branch occurs in the lower
frequency range. Similar to the SPPs on the interface of vacuum and
ITO, SPPs can be thermally excited on the vacuum-Pt and the Pt-InAs
interfaces. These two SPPs can couple and form two branches of cou-
pled surface plasmon polaritons [51,64]. The relevant peak in Fig. 6(b)
corresponds to the lower-frequency branch of these two coupled surface
plasmons, as can be seen by comparing the location of the peaks in the
ω-β plane to the dispersion relations of the SPPs from the vacuum-Pt
and the Pt-InAs interfaces in the green dashed line [65]. The SPP branch
due to platinum extends to very large β and hence greatly enhances the
transmission coefficients at large β. This effect is further illustrated in
Fig. 6(c), which shows the transmission coefficient between the emitter
and the InAs cell. Compared to Fig. 4(a), the transmission of the large-β
channels at the vicinity of the bandgap becomes higher as indicated by
the brighter color. Therefore, we can conclude that a thin metal layer
can indeed induce more absorption in the InAs cell. Recent works
propose to use graphene covered semiconductor to improve the power
density of near-field TPV may also be understood based on the above
discussion since graphene can behave like a thin metallic layer [39,66].

We end our discussion by noting a possibility of harvesting the heat
absorbed in the Pt film using Schottky junctions based on a recently
proposed hot-carrier based technique [56]. In this way, additional
electricity may be produced and the electric power density and effi-
ciency of the current near-field TPV system may be further improved.

Fig. 5. (a) Maximum power and (b) efficiency of the near-field TPV at different gap
spacing. (c) The optimized plasma frequencies at different emitter temperatures and gap
distances.
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5. Conclusions

In conclusion, we reexamine the performance of the near-field TPV
system using ITO and InAs for waste heat recovery applications.
Infrared surface plasmons at the vacuum-ITO interface can be thermally
excited and the near-field coupling effect reshapes and enhances the
spectral heat transfer distribution toward the InAs cell. Based on a
detailed balance analysis, we show that the system allows electricity
generation with up to 40% efficiency and 11 W/cm2 power density at a
900 K emitter temperature, even in the presence of nonradiative re-
combination and the sub-bandgap heat transfer. Surface plasmon po-
laritons play a dominant role, especially at small gap distances. A thin
Pt layer can be used to cover the InAs cell to further boost the power
density to 31 W/cm2 by taking advantage of the thermally excited
plasmon resonances in the thin metal film. The system is based on
conventional thin films and thus can be scaled up in a straightforward
manner. This work facilitates the understanding of near-field heat
transfer at the nanoscale and demonstrates the great potential of using
near-field TPVs for waste heat recovery applications.
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