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Thermophotovoltaic (TPV) systems, which convert heat into electricity by irradiating PV cells with ther-
mal emission from heated objects, feature their high output power density and potentially high conver-
sion efficiency. To increase the output power density and conversion efficiency of TPV systems, it is im-
portant to enhance the thermal emission above the bandgap energy of the PV cell while suppressing the
emission below it. Here, we show our recent experimental demonstrations of far-field and near-field
TPV systems based on photonic nanostructures. In the far-field experiment, we develop silicon rod-type
photonic-crystal thermal emitters which exhibit near-infrared frequency-selective thermal emission with
suppressed background emission, and demonstrate a heat-to-electrical conversion efficiency of 11.2% at
1338 K. In the near-field experiment, we develop a one-chip near-field TPV device integrating a thin-
film Si emitter and InGaAs PV cell with a deep sub-wavelength gap (<150 nm), achieving photocurrent
generation overcoming the far-field blackbody limit at 1192 K.
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Fig. 1 Schematic of thermal emission control for thermo-
photovotaic applications.
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Fig. 2 (a) Scanning microscope image of a Si rod-type
photonic-crystal thermal emitter. (b) Measured
thermal radiation spectrum of the emitter shown in
(a) and the blackbody spectrum at 1273 K. (c)
Schematic of a Si rod-type photonic-crystal ther-
mal emitter with a MgO substrate. (d) Measured
and calculated thermal radiation spectra of the
emitter shown in (c).
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Fig. 3 (a) Schematic of a far-field TPV system composed
of a Si rod-type photonic-crystal thermal emitter
and two InGaAs PV cells. (b) (¢) Images of the
fabricated Si emitter and InGaAs cell. (d)
Measured emitter temperature as a function of in-
put power. (e) Measured output power density per
one PV cell. (f) Measured system efficiency.
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Fig. 4 (a) Bird’s eye view and cross section of a one-chip
near-field TPV device integrating a Si thermal
emitter and an InGaAs PV cell. (b) Calculated
thermal radiation transfer spectrum to the InGaAs
PV cell for near-field (d = 150 nm) and far-field (d
= 100 pm) devices at 1200 K. Black line shows
the blackbody spectrum at 1200 K. (c) Calculated
photocurrent density of the near-field TPV device
as a function of gap length.
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Fig. 5 (a) Microscope image of a fabricated Si emitter. (b)
Microscope image of a fabricated InGaAs PV cell.
(c) Measured temperature distribution and gap dis-
tribution of the near-field TPV device at a heating
power of 302 mW. (d) Measured gap length as a
function of the emitter temperature.
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Fig. 6 (a) (b) Measured current-voltage characteristics of
far-field and near-field TPV devices. (c¢) Measured
and calculated photocurrent density of far-field and
near-field TPV devices. (d) Measured electrical
output power density of far-field and near-field de-
vices.
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