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Rapid Rise of Perovskite Solar Cells: Processing, Cost and Efficiency
Tunable composition
I _.-ll methylammonium (CH;NH;*),
=~ 25r - " @ formamidinium (CH,(NH,),*) Cs*,
S i c-Si / Perovskite ,"' Rb+. .. '
~ _m—n S . .
8 20 B J.rpoly_S|./l /. Pb2*, Sn?
a | L I
= 15f _,/' u" I ° I, CI, Br
O F | |
c A I T
3 10F Eh
2 i Orgamc_,/ Solution-processed polycrystalllne f|Im
L 5'_ “ L / v ,
L - ._..
ey z
1980 1990 2000 2010 2020 J
Date 4
Stanford | ENGINEERING

2



12/9/2021

Rapid Rise of Perovskite Solar Cells: Processing, Cost and Efficiency
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* tunable bandgap 1.2 — 2.3 eV and
excellent efficiency

» strong optical absorption (~1000x thinner
than silicon) — much greater materials
efficiency

« tolerance to defects and grain
boundaries

* solution processable with scalable-
manufacturing — make much cheaper

Solution-processed polycrystalline film
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Leveraging Solution-Processing for Scalable Manufacturing

in-line open-air spray processing

plasma cure

scaling is non-trivial — requires new
understanding of coating
technologies, uniformity, defectivity,
film stresses, cell and module
reliability
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In-Line Manufacturing of Open-Air Processed Perovskite Solar Modules
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RSPP is Highest Reported Throughput for Perovskites...
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RSPP is Highest Reported Throughput for Perovskites...
...and lowest device cost of any solar technology
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In-Line Manufacturing of Open-Air Processed Perovskite Solar Modules

Barrier film
Au
HTL

Perovskite

g

200 nm

J.P.Chenetal, N. Rolston et al.,
Journal of Materials Journal of Materials
Chemistry A, 2020 Chemistry A, 20178
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Open-Air Plasma Contains Heat, Reactive Species, and Photons
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Open-Air Spray Plasma Processing Capabilities
Capacitively Coupled Plasma Blown Arc Discharge Plasma
- low temperature * medium temperature
* Ar, N, plasma gas * Ny, O, air plasma gas
3
Yy
Surfx Corporation Plasmatreat Corporation
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RSPP Creates Dense Perovskite Films, More than Hot Air

F. Hilt et al., Energy and Environmental Science, 2017
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Rapid Curing and Film Morphology Improves Mechanical Properties
Reduced thermal expansion Increased crack deflection
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RSPP Improves Luminescence on Length Scales from Nm to Cm

Steady-state photoluminescence
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N. Rolston et al., Joule, 2020
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RSPP Improves Perovskite Crystallinity and Carrier Lifetimes
Time-resolved photoluminescence
Diffusion length L ~+/D * 1
X-ray diffraction of perovskite films o
- RSPP in air
=1 2
S c
B " 3
er Spin in glovebox| O
Er * ITO/NIO
Spin in glovebox
nurnibut ntwiind vt hvint/ v Bubad e hatuane T<0.1pus
10 15 20 25 30 35 40 45 50 55 60 65 70
20 ()

200 400 600 800 1000
Time, t (ns)
RSPP diffusion length ~ 10 um, enabling new
designs for perovskite architectures
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Main (100) perovskite peak sharper for RSPP perovskite
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Record Performance for Open-Air Processed Perovskite
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Scalable RSPP Devices with 18% Efficiency
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ITO, ETL, Electrode, and Encapsulation Are Major Costs

Assuming a factory producing ~ 1 GW of perovskite modules annually
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hour) Fully open-air perovskite module production is a path to even lower LCOE!
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LCOE and Implications for Stability

LCOE Assumptions for 100 MW installation:

L
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LCOE and Implications for Stability
E 25 T T T T T T T
= = 14% PCE
= | = 16% PCE
220 4 = 18% PCE ]|
> 1
5 1
2151 l
- \
kS \
— L \ |
§ 10 | \\
E 5 _ponI-Si E\ - Current LCOE 4.6 ¢/kWh |
perovskite T = —Lee——y———
e ? 2025 target 3.0 ¢/kWh -==-
field — 0 : | : 1 : 1 : 1 " 1
0 5 10 15 20 25
Module Lifetime (years)
Stanford | ENGINEERING 19
19
Stability of Perovskite Solar Cells
Thermal Degradation Moisture Degradation
CH3NH3PbI3(S) = CH3NH2 (g) + HI (g) + Pblz (S) CH3NH3PbI3(S) + Hzo (g) = CH3NH3PbI3(S) . H20 (S)
CH5NH5Pbls(s) = CHsl (g) + NHs(g) + Pbl, (5) 4[CH3NH3Pbl5(s) - H0 ()] =

(CH3NH3)4Pb16 . 2H20 (S) + 3Pb[2(s) + 2H20 (1)
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See e.g. references: ITO-Glass
A. Latini, G. Gigli, A. Ciccioli, Sustainable Energy Fuels (2017), 1, 1351
A. M. A. Leguy et al. Chem. Mater. (2015), 27, 3397.
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Exploring the Role of Encapsulation in Thermal Stability
aged at 85°C in inert N, environment
125 kPa device efficiency after aging
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1000 Hours Damp Heat Stability
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Outdoor Aging of Encapsulated Perovskite Devices
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In-Line Manufacturing of Open-Air Processed Perovskite Solar Modules
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