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Fraction of power

Introduction

Recombination

 Single gap solar cells
are limited to ~30%
efficiency

* Photons above the
bandgap will generate
“hot carriers” that
swiftly thermalize

* A hot carrier solar cell

Power out addresses
thermalization loss by
1 2 3 extracting those high
Bandgap. 5y (V) energy electrons

Guillemoles, J., Kirchartz, T., Cahen, D. et al. Guide for the perplexed to
the Shockley—Queisser model for solar cells. Nat. Photonics 13, 501-505
(2019). https://doi.org/10.1038/s41566-019-0479-2
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¢ )Valley Photovoltaics: Intervalley Scattering 4

David K. Ferry, ASU. “In Search of a True Hot Carrier Solar Cell,”
D K Ferry, Semicond. Sci. Technol. Vol. 34 no. 4 (2019).
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« High energy electrons: Intervalley scattering

« Low energy electrons: The Gunn Effect % Arizona State
University

» Transfer, store, and extract via upper valleys!
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Device Structure

n+: Ing 55Alg 45AS, 20 nm, 118 cm-3

n : Ing 53Gag 4;AS, 250nm, 1e15 cm3

p+: Ing 5,Al, 4gAS, 1000nm, 1€18 cm™

p: InP substrate
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 Need a resonant barrier
material with InGaAs, and
an absorber with both a
bandgap and an L valley in
the solar spectrum.
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Esmaielpour et al., “Exploiting intervalley scattering to harness hot
carriers in I11-V solar cells,” Nature Energy 5, 336-343 (2020).
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Hot Carrier Effects: Evidence for
Intervalley Scattering ) = o) -exp| -
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Esmaielpour et al., “Exploiting intervalley scattering to harness hot

carriers in llI-V solar cells,” Nature Energy 5, 336-343 (2020).
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New Device Structure

n+: Ing 5,Al, 4eAS, 20 nm, 1e18 cm-3

n: Ing 55Gag 47ASs, 250nm, 1e15 cm™3

BO75: 100 nm Absorber
BO77: 25 nm Absorber

p+: Ing 55Alp 4sAS, 1000nm, 1€18 cm-
BO62 — « We want to

decouple the
two mechanisms
by enhancing
the electric field.

p: InP substrate
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Electric Field Effects
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Dorman et al., IEEE JPV, pending.

0.6

 Change the InGaAs
thickness to change the
Inherent electric field
strength and absorptivity.

* Field is an internal field
from the doping profile.
Applying a bias modifies
the field strength in the
middle of the absorber.

« Spikes at interface are
robust, and large enough
to cause the Gunn Effect.
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Current Density-Voltage Measurements
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Dorman et al., IEEE JPV, pending.
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Power Dependent PV Parameters
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« Top barrier material limits Voc and Jsc.
 Electric field enhancement of extraction at high powers, more
effective over a larger distance.
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Bias Dependent Photoluminescence
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Carriers that extract successfully do not recombine to emit photons, so
the bias dependence is strong in the intensity.
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Bias Dependent PL Energy
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» Blueshifts, unlikely to be a lattice heating effect due to laser illumination.
« Could be enhanced by fields formed by increasing carrier densities at the
Interface, but not very bias dependent.

» Most likely a result of modified carrier distribution! Can analyze AT...
IEEE JPV, pending.
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Le Bris et al., Energy Environ. Sci. ¢ RObUSt at IOW powe rS
vol. 5, pp. 6225-6232, 2012. Esmaielpour et al., “Exploiting intervalley scattering to harness hot

carriers in llI-V solar cells,” Nature Energy 5, 336-343 (2020).
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Bias Dependent Carrier Temperatures
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« Temperature difference from lattice non-zero at low power, increased at higher field strength.

« Bottleneck-type temperature enhancement with power, stronger dependence at high field.

Dorman et al., IEEE JPV, pending.
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Conclusions and Acknowledgments

* The InGaAs heterostructure once again proves a robust system

for maintaining a hot carrier population due to the intervalley
properties, if limited in extraction.

* By altering the absorber thickness, the electric field inside the
device is enhanced, resulting in power dependence akin to a

more standard phonon bottleneck, but possessed of a honzero
base temperature.

« The enhancement of the electric field provides large benefits:
both an increased base hot carrier temperature and the role it
plays in accelerating low energy carriers to the upper valleys.
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