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1. Select 2. Model photon fluxes for 
each condition

3. Calculate power output with 
detailed balance

Downwelling radiation In the radiative limit

With non-radiative processes

TRD
Warm Earth

Cold Night Sky
A thermoradiative diode (TRD) is a low 
bandgap diode that can generate power 
through thermal emission from the warm 
Earth to the cold night sky. [1][2][3][4]
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J(V) = q (Ṅemit (V) − Ṅabs )
photons [s-1.m-2] emitted − absorbed

Atmosphere

Transmission

Emitted 
radiation

Warm Earth, Tskin

Emitted IR radiation from the Earth’s surface can 
be scattered, absorbed, and re-emitted back down 
by molecules in the atmosphere.

Some radiation – mostly in particular spectral 
“windows” – does get transmitted to space.

Any incident radiation absorbed by the TRD reduces 
the power output.

Downwelling 
radiation

How can we model downwelling radiation?
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Line-By-Line Radiative Transfer Model (LBLRTM) captures contributions to 
absorption and emission from each atmospheric layer [8]

Using realistic modelling of atmospheric downwelling radiation, what power can be produced by a terrestrial TRD?

like a “reverse” solar cell, that works at night!
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3 locations with low winter total column water vapour 
(TCWV) and strong seasonality:

 ● ● ● Telfer, Australia
 ▲ ▲ ▲ Tamanrasset, Algeria
 ■ ■ ■ Fresno, USA

3 times for each location with 
high, mid, low TCWV
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T, H2O, O3 
profiles Tskin

Radiative transfer 
modelling

Generalized 
Planck’s equation J(V) = q (Ṅemit (V) − Ṅabs )

find maximum power density for each Eg

& optimal Eg
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Low downwelling

High 
downwelling

Δμ = qV < 0 

Emission of photons draws in e- and h+ 
to replenish the population

Absorption generates carrier pairs, 
which decreases the number drawn in

in the radiative limit

High TCWV
Most downwelling

Low TCWV
Least downwelling

Modelled with LBLRTM for 3 sampled Telfer, 
Australia conditions

Sky temperature 
underestimates power near 
windows (by a factor of 10 
for the mid TCWV), 
overestimates elsewhere
should not be used to guide 
device design

Real low bandgap semiconductors have significant 
non-radiative Auger processes. [6]

To capture this, we use the radiative efficiency, ηext  
(the fraction of the recombination that is radiative):

J(V,ηext) =. Ṅemit(V)
− Ṅabs  + Ṅemit(0)   1−

ηext 

1

ηext 

Power density scales with ηext [3][7]

but smaller bandgaps mean lower ηext

To quantify the trade-off, we define sample diodes:

Variations in TCWV impact 
power output but not the 
optimal bandgap, which is 
around 0.094 eV (13.2 um) for 
8/9 conditions.

A

B

C
Symbol Name ηext Eg [eV]

A 100% 0.094
B 1% 0.094
C 10% 0.25

Under most conditions, diode B yields 
power an order of magnitude larger 
than diode C.

Given power density is linear with ηext, a 
diode D with ηext 100x worse than C would 
perform slightly worse than C:

If an ideal Eg requires ηext 100 times smaller 
than a 0.25 eV diode, 

choose the larger bandgap.

>B C D
Eg [eV] 0.094 0.25 0.094

ηext x/10 x x/100

>
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Improved version of 0.8-6.5% HgCdTe diodes from [4]

with sky temp
with LBLRTM

I

[1][2][5][6][7]

9 sample conditions

for each condition

PV

These are the first limiting power calculations with 
realistic modelling of the atmosphere and its variability.
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