Indium gallium nitride
solar cells on non-polar and
semi-polar substrates

Researchers find non-polar devices have improved performance over

conventional c-plane cells.

rizona State Univer- . .
Asity and University of Table 1. Key device parameters for InGaN/GaN MQW solar cell devices.

California Santa Bar- Eg Voc Woe  Jsc FF Peak EQE Peak IQE
bara (UCSB) in the USA (eV) (V) (V) (mA/cm?) (%) (%) (%)
have compared indium gal-  _pjlane 2.85 2.32 0.53 0.803 55.5 39.4 61.4
lium nitride (InGaN) solar (2021) plane 2.73 1.92 0.81 0.736 432 27.1 39.6
cells produced using non-  _pjane 2.45 0.33 0.644 29.9 21.5 25.2

polar, semi-polar and polar

substrates [Xuanqi Huang et al, Appl. Phys. Lett.,
vol110, p161105, 2017]. The non-polar m-plane
devices showed the best overall photovoltaic (PV)
performance.

InGaN solar cells should be able to convert photons of
energy spanning the solar range, with InN having an
energy gap of 0.7eV (infrared) and GaN 3.4eV (ultra-
violet). In practice, charge polarization of the III-nitride
bond leads to strong electric fields in heterostructures
arising from spontaneous and strain effects. Growing
ITI-nitride structures in non-polar or semi-polar direc-
tions can eliminate or at least reduce these fields and

improve performance.

At present, InGaN solar cell demonstrations tend to
be in the upper part of the 0.7-3.4eV range, limiting
solar conversion efficiencies to a few percent. These
high-energy photon converters could be used as top
cells in ultra-high-efficiency (>50%) multi-junction
solar cells for space and terrestrial concentrating (i.e.
focused multi-sun power density) photovoltaics.

Solar cell structures were grown on non-polar m-plane,
semi-polar (2021) and polar c-plane GaN substrates by
metal-organic chemical vapor deposition (MOCVD).
The layer sequence was 1um n-GaN, 10nm n*-GaN,

100 P-contact grid
I'_'ln | =] m{fﬂﬂughmd —— m plane
CTIEES)! b —— (2021) plane

80 | 120 nm p—GEN —_ plane
et 30nm p*-GaN ~
= InGaN/GaN Maw
S
= 60 10nm n*-GaN n contact — I
° 1um n-GaN - I =
= = st
= GaN Substrate o
O 40 )
3 El
< o

20— m plane

—(2021) plane
¢ plane
0 e & . i . . 1 . 1 S R T U -
300 350 400 450 500 550 600 650 20 21 22 23 24 25 26 2.7 28 29 3.0 31 3.2 3.3
Wavelength (nm) Energy (eV)
(a) (b)

Figure 1. (a) Room-temperature transmission spectra and (b) Tauc’s plots of m-plane, (2051) plane, and
c-plane InGaN MQW solar cells. Inset: cross-sectional schematic of MQW InGaN solar cells.
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Devices were fabricated with Immx1imm mesas, | 5 -
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trodes, and a nickel/gold p-contact grid with O os
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Absorption spectra (Figure 1) indicated a red-shift -0.8
of the bandgap energy (E;) with increasing S i . A . A . " 1 :

polarization in the sequence m-plane, semi-polar, 0.0 0.5 1.0 1.5 2.0 25
and c-plane (Table 1). Polarization also broadens Voltage (V)

the absorption edge. Despite the higher cut-off 40

energies, reducing polarization improves other (b) —— mplane
features of solar cell performance such as 35k —— (2021) plane
open-circuit voltage (V,.), bandgap-voltage offset k

¢ plane

(Woe = Eg/q — Vo, Where q is electron charge), 30

short-circuit current density (J..), fill factor (FF),

and peak external quantum efficiency (EQE) and 25

internal quantum efficiency (IQE) — see Figure 2. 3?
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