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Fig. 1. Analytical solution of spectral radiative flux

between bulk materials (1800 K to 300 K) separated

by a gap of 200 nm.
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(a) Materials, surface structures, and definition of

Illustration of the computation model:

parameters; (b) numerical calculation domain.
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Fig. 3. Validation of the near-field FDTD calculation:
(a) Illustration of Langevin approach and numerical
convergence; (b) comparison of FDTD and analytical

results for radiative transfer between GZO plates.

X w, HEFE FIRG I, w A Lorentz 1 #k 4l
S, 1 R ABUR R B, A & 2 4
£ 1FR.

#1  HHEAPEAH Y Drude-Lorentz B 24
Table 1. Drude-Lorentz parameters for all materials

used in calculation.

Ly foo wp/eV Ip/eV  fi  w/eV Ij/eV

GZO(6%) 271 2.475 1.927 0.117 0.866 4.850 0.029
GaSb [28] 8.0 0.804 49.69 6.912 2.420 0.617

Au 129 1 9.030 0.0482
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Fig. 4. Radiative heat transfer between GZO and
GaSb with and without surface structure (A =
400 nm, A = 200 nm): (a) Spectral radiative heat flux;
(b) ratio over the condition using far-field blackbody

emitter.
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Fig. 5. FDTD simulation with a single dipole source:

(a) Evolution of electric field intensity within one time

period; (b) simplified illustration of charge distribution.
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Fig. 6. Radiative heat flux between GZO and GaSb
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Abstract

To improve the efficiency and output power of the nano-gap thermophotovoltaic (TPV) power generation system,
surface rectangular grating structures are added to the top surface of the group III-V semiconductor cell to control the
spectrum of near-field radiative transfer. Doped zinc oxide that supports surface waves at near-infrared wavelengths is
selected as the TPV emitter. When paired with GaSb grating structures, the surface plasmon polariton excited by the
emitter and the light trapping effect by the grating tunnels will be coupled, which results in a significantly and selectively
enhanced near-field radiative heat flux within a narrow spectral region above the cell bandgap, thereby fulfilling the design
purpose. This physical mechanism is explained by a direct finite-difference time-domain (FDTD) simulation based on the
Langevin approach. The material volume meshgrids filled with random dipole sources can act as the thermal emission
source and the radiative heat flux is calculated by solving the Maxwell equations numerically. The spectral results show
that adding rectangular grating structures to GaSb not only increases radiative transfer in the expected wavelength
region over the unstructured case, resulting in a heat flux surpassing that of a far-field blackbody source at the same
temperature, but also suppresses the unwanted long-wavelength heat flux that causes radiative loss and cell heating.
With a vacuum gap of 200 nm between the emitter and the cell, using a bulk GaSb cell with rectangular gratings can
double the spectral flux of the blackbody emitter case, and using an ultrathin GaSb cell with surface structures and
back reflectors further increases this ratio to 2.84 due to the total internal reflection controlled by the cell thickness. The
amplitude and wavelength of the spectral peak are controlled by the grating size parameters. Low filling ratio gratings
with lower-aspect-ratio grating channels generally have sharper enhancement peaks but lower total radiative heat flux,
while high filling ratio structures with higher-aspect-ratio channels have better heat flux improvement but might also
result in lower conversion efficiency due to the broader spectrum. The rigorous approach reveals the detailed physical
mechanism that is otherwise unseen with effective medium approaches for inhomogeneous structures or the Derjaguin
proximity approximation. Overall the results of this study enable an enhancement of near-field radiative heat flux limited
within a narrow wavelength range shorter than the cell bandgap, offering practical benefit to the application of TPV

power generation with higher feasible power and conversion efficiency.

Keywords: near-field radiation, spectral control, thermophotovoltaic system, finite-difference time-

domain method
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