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Cellules solaires tandem
pérovskite-silicium:
statut de la technologie
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Economics of silicon photovoltaics
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Residential system price of ~1 €/Wp
Module price of ~0.25-0.4 €/Wp Increase cell efficiency to lower cost of PV electricity

Cell price of ~0.1-0.2 €/Wp

Jaeger-Valdau, PV Status Report 2019
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Efficiency-driven technology update

Upgrade of c-Si technologies

... but efficiency limit approaching
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A perovskite add-on to the front side of a c-Si cell
32.8% for GaAs/c-Si | Organic-inorganic metal-halide perovskite
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Perovskite/c-Si tandems, some processing milestones

First set of developments linked to specific process developments & optical design
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EPFL/CSEM 2018, p-i-n on SHJ, textured on both sides
Stanford/ASU 2017, n-i-p on SH), rear-side textured Perovskite
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Perovskite/c-Si tandems with textured wafers

c-Si pyramidal texture for optimal light management
Incompatible with conventional spin-coated perovskite deposition routes

Conformal coating of CsFAPb(I,Br)s perovskite thanks to hybrid evaporation/spin coating method
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F. Sahli, et al., Nat. Mater. 17 (2018) 820-826. 6
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25.2% certified monolithic tandem on textured c-Si
1.42 cm? nc-Si:H-based-tandems with a 1.6 eV top cell
25.2% at MPP (certified)
Gain of >3%abs compared to bottom c-Si cell alone
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A versatile technology

From tandems to
triple-junctions
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Current density (mAlem?)

On p-type wafer, the industry standard

c-Si cell based on high temperature
passivating contacts

G. Nogay et al. , ACS Energy Lett. 4 (2019) 844-845.

3 First demonstration of a triple-junction

Voc of 2.7 V, efficiency of 13%
J. Werner et al., ACS Energy Lett. 3 (2018) 2052-2058.
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Upscaling of perovskite/c-Si tandems

From

1 cm?cells

Record at 29.1% (HZB)
thanks to Voc increase
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Y. Hou et al., Science 367 (2020) 1135-1140.
B. A. Kamino et al., ACS Appl. Energy Mater., 2019, 2, 3815-3821.

9

1.5

10 htetrenceaainiel _r,_cL, T T T T NN E T T

it et e ey

~ 5 4
a
E 0.54 Z 60 *°C in 500 mbar of N
g 0.0 ¥ . 4 .
g 200 400 600 800 1
3 time (hours)
]
" 15
£ catastrophic degradation
R N e o o ST
= JRPIPU. [ TN —— - -

0.54

0.0 contact loss 80 “C in 500 mbar of Ny

"o 100 200 300

time (hours)
1000 hours at 60 °C

320 hours at 80 °C
—_ e -

""?."f Tﬂ"}u m"f‘ dense

porous
Pbl2

EPFL CSem @Emps

” P\r‘ lab
IMT NEUCHATEL

Operational stability of perovskite single-junction cells

Perovskite top cells
Operation in controlled conditions
Degradation initiated at few sites at 80 °C

Loss of active area

Volatilisation of some
elements of the
perovskite

F. Fu, et al., Energy Environ. Sci.12 (2019) 3074-3088.
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Degradation induced by partial shading
—

Partial shading brings shaded cells into reverse bias (forward bias normally)
Severe degradation in many thin film solar cell technologies

Also triggers various degradation mechanisms in perovskite cells

¢ Shunt formation at the metal electrode

* S-shape due to halide migration
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current density (mA em'?)

Conclusions & outlook

F "‘_‘ . oy _- . S : & Some academic highlights
. Efficiency promises being fulfilled (on small areas)
Progress with respect to upscaling

Still question marks over stability aspects

Global picture
ITRPV predicts tandems on the market within the

next 5 years
Silicon cell manufacturers investing in R&D efforts
Oxford PV - Meyer Burger partnership

» Objectives of 30% in 2020 with M2 wafers

» Module integration

J& : » 250 MW line being installed in Germany, plans for GW
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