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Photovoltaic Mechanism
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Step-Function Like Absorptance UJ JULICH
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Solar cell & Sun UJ JULICH
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Radiative Recombination 9 JULICH
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Radiative Recombination 9 JULICH
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Balance Between Generation and Recombination 9 JULICH
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The Current-Voltage Curve
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Current Density and Power Density 9 JULICH

Forschungszentru m

vs. Voltage
—— —PV)=-dV|_
10 T\VOC v ﬁ,oc: 35 :.(b) ]
: 30} 1
o5 | i
20|

VAR
ydaune

L__L

15
10

current density J [mAcm™]
AW ON
o o o

T

e [\UE,

_— o
—_
power density |P| [mWcm™]

04 08 12 16 04 08 12 16
voltage V [V] voltage V [V]




Shockley-Queisser Limit 9 JULICH
Shockley and Queisser, J. Appl. Phys. (1961)
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Losses in Silicon Solar Cell (=27 %) UJ JULICH
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Which band diagram is a bad idea?
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Efficiency trends for different PV 9 JULICH
technologies rscnungsamur

S ¥/ —————— S —————
= 30| thermodynamlc limit

L 0)
?25 C-Si (26.7 %4 o
O 5 ' Cu(ln Ga)Se, (23 4 %)
S ! N
n — 3 VAN
= 15f———’ CdTe(221ﬁ%) %_féik‘
O 10
S |
Q 5F AO -
L ol _ OPY (17.4 /f’) . Pero_vsklte (25.2 %)

2000 2005 2010 2015 2020

year

04.09.2020 14




Crystalline Si pn-junctions UJ JULICH
Diffused emitters
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Crystalline Si solar cells
Heterojunction solar cells
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Halide-Perovskites IJ JULICH
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Halide-Perovskite Solar Cells 'J JULICH
Absorber layer

Fabricated e.g. by spin coating
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Halide-Perovskite Solar Cells 'J JULICH
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Halide-Perovskite Solar Cells 'J JULICH
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Halide-Perovskite Solar Cells ‘J JULICH
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Halide-Perovskite Solar Cells ‘J JULICH
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Solar Cell Basics 'J JULICH
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Solar Cell Basics 'J JULICH
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Luminescence and open-circuit voltage ‘J JULICH
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Defect Positions
Antibonding valence bands

How many
defects exist
per volume?
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Luminescence vs. Open-Circuit Voltage ‘J JULICH
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Luminescence vs. Open-Circuit Voltage ‘J JULICH
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Steady-State PL @) JuLIcH

Forschungszentrum

Measuring indirectly the quasi-Fermi-level splitting
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Measuring indirectly the quasi-Fermi-level splitting
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Steady-State PL @) JULICH
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Measuring indirectly the quasi-Fermi-level splitting

b v

) E Non-radiative bulk recombination kT In (10) - 6 Om eV
Stolterfoht et al. Nature Energy (2018)
% P 9 9 E e 9
= % S |2 = d |
ol © — ra _ um
< § R ® qVv,. —qV,. =—KT In (Qe ) >0
=lz = |5 E
ZlE £ |8 =
=l 12 | o S
o -

125 126 127 128 129 130 131 132 1.33

(implied) open circuit voltage V., (V) Liu et al., ACS Energy Lett. 4, 110 (2019)

04.09.2020 31




lJ JULICH

Forschungszentrum

Screening of contact layers for high V.
Triple cation recipe from Potsdam University
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MAPI cells with PbAc, recipe @) JuLIcH
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CH3NH3Pb(lg gBrg )3 Solar Cells J JULICH
Difficulty of achieving E, ~ 1.7 eV @ high V,,
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Loss Analysis 'J JULICH
Comparison to the SQ model
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Development of perovskite solar cell efficiencies 'J JULICH
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...and associated losses .
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Development of perovskite solar cell efficiencies 'J JULICH
..and associated losses
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Key remaining issues for perovskite PV @) JULICH

SOLAR CELLS

A piperidinium salt stabilizes efficient metal-halide
perovskite solar cells

Yen-Hung Lin'*, Nobuya Sakai', Peimei Da', Jiaying Wu?, Harry C. Sansom', Alexandra J. Ramadan’,
Suhas Mahesh?, Junliang Liu®, Robert D. J. Oliver*, Jongchul Lim*{, Lee Aspitarte®,

Kshama Sharma®, P. K. Madhu®, Anna B. Morales-Vilches®, Pabitra K. Nayak“®, Sai Bai’, Feng Gao’,
Chris R. M. Grovenor®, Michael B. Johnston', John G. Labram®, James R. Durrant?2,

James M. Ball', Bernard Wenger', Bernd Stannowski®, Henry J. Snaith'

SOLAR CELLS

Thermodynamically stabilized
-CsPbl;-based perovskite solar
cells with efficiencies >18%

Yong Wa.ngl, M. Ibrahim Dar2*, Luis K. 01103, Taiyang Zha.ugl, Miao Ka.ul, Yawen Lil,
Lijun Zhang*, Xingtao Wang', Yingguo Yang’, Xingyu Gao’, Yabing Qi’*,
Michael Griitzel®*, Yixin Zhao®-®*

Stability
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nature .
Su Stal nabl ] l ty https://doi.org/10.1038/541893-020-0586-6

ARTICLES

M) Check for updates

Sustainable lead management in halide perovskite
solar cells

So Yeon Park'?®, Ji-Sang Park 3%, Byeong Jo Kim®'4, Hyemin Lee®, Aron Walsh©%7, Kai Zhu®¥,

Dong Hoe Kim ©5* and Hyun Suk Jung @& Lead (Pb)

SOLAR CELLS

Stabilizing halide perovskite
surfaces for solar cell operation
with wide-bandgap lead oxysalts

Shuang Yang"?*, Shangshang Chen"*, Edoardo Mosconi®, Yanjun Fang'?, Xun Xiao’,
Congeong Wang*, Yu Zhou', Zhenhua Yu', Jingjing Zhao">, Yongli Gao®,
Filippo De Angelis®*®, Jinsong Huang"*t
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Organic Solar Cells 'J JULICH
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Inorganic vs. Organic semiconductors
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Inorganic vs. Organic semiconductors 'J JULICH
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Photoexcitation in inorganic vs. organic
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Charge Transport @) JULICH
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Photon absorption = Exciton generation ‘J JULICH
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Charge Separation @) JULICH
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Charge Separation @) JULICH
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Charge Separation ‘J JULICH
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Recent trends in solution processable PV ‘J JULICH
Non-Fullerene Acceptor Materials in Organic PV
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Non-Fullerene Acceptor Materials in Organic PV

Polymer:Fullerene

A

energy E

ECT

Polymer:NFA

ECT

-2

current density J (mAcm

0

9 JULICH

Forschungszentrum

1
(6)
T

PBDTTT-EFT:PC,,BM

PBDTTT EFT: IDTBR IDFBR

00 02 04 06 08 10
voltage V (V)




Non-Fullerene Acceptor Materials in Organic PV 9 JULICH
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Fullerene based vs. NFA based organic PV l) JULICH
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Key open questions

1) Understanding the limits of V. vs. band gap

nature
energy PUBLISHED: 10 APRIL 2017 | VOLUME: 2 |£CRLE-!J-UIM(EE|IL- Eosss

Intrinsic non-radiative voltage losses in
fullerene-based organic solar cells

Johannes Benduhn', Kristofer Tvingstedt?*, Fortunato Piersimoni?, Sascha Ullbrich’, Yeli Fan*',
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Key open questions

2) Why do we need two materials but hardly any offsets?

nature
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Design rules for minimizing voltage losses in
high-efficiency organic solar cells
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Key open guestions @) JULICH
3) Using ,green” (= non-halogenated) solvents
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Key open guestions @) JULICH
4) Thicker films without efficiency losses
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Summary

Functionality of Solar

Cells — Main Losses
e n<33%
 Need some
asymmetry to
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Thank you for your attention
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