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The world’s power consumption

is rapidly increasing...
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While solar cell efficiencies slowly improve...
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2009: 3.5 % efficiency
2019: 25.2 % efficiency
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“Perovskite is calcium titanate,
with the chemical formula CaTiOs,.

The mineral was discovered by Gustav Rose in
1839 and is named after the Russian mineralogist
Count Lev Alekseevich Perovski (1792-1856)“

All materials with the same crystal structure as CaTiO;,
namely ABX;, are termed perovskites:

www.wikipedia.org 3
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Synthesis and structural Breakthroughs in the
characterization of 3D [ EAEETL fabrication and architecture
HOIPs . . of HOIP solar cells

Count Lev Aleksevich von Perovski 1978 1994 1999 2009 2012 2013 2015

. . Extensive characterization 20% power conversion
Pe rOVSklte descrl bes a Crystal and usage of HOIPs in : efficiency reached L
optoelectronic devices First HOO|P solar cell
structure class: generally ABO, b i I ponr
conversion efficiency

Halide perovskites:

Chemical structure: ABX,
A: organic/inorganic cation (methylamine, formamidium, cesium)
B: metal cation (Pb, Sn, ...)
X: halide anion (Cl, Br, 1) 5
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Very high absorption -> thin active layers
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Not only for light conversion, also light emission!
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V. Hintermayr, Urban, AS, et al.
Adv. Mater., 26, 2435 (2016)

However, PL quantum efficiency in films: 20-50%

Semiconductor nanocrystals:
Emission tunable through size

-> Perovskite nanocrystals

Source: Prof. Andrey Rogach, City University of Hong Kong
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Optical / energetic properties
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Cubic CsPbBr,

2D Layered Perovskites
(Ruddlesden-Popper)
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Architechtures /
working principles
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Nanocrystal-based LEDs
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Amplified spontaneous emission (ASE) Random lasing
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Photodetectors
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Multiphoton excitation

Carrier Multiplication

1P absorption | Lo S Oy zp,.,.‘,rp'c.:,. ) u'°’§
‘ W ox10° S
o | | ol a Energy (V) c -
| o0’ § e ay Emission energy (eV)
scto'z — 05, 413 310 248 207 177 155 1.94 1.881.82 1.77 1.72 1.68 Pl iy
ez e Zur & g o E 600 207 0 o
wer s & 0.4} i e = 550 225 § &
78 o> u — ‘5’ 5. !
4 s g 8 AN 2 § 500 248 = B
& s & 0.3 " = [} 3 17
: S < g | F 2 450 276 ¢ ur
480 500 520 540 560 580 < 480 500 stgvelenglh (nm) 580 3 02 I ‘_‘- g z 400 3.10 2 :g:
8 l g £ 350 3.54§ o
o1l 4, c 3 300 413 &
Sl = @ 250 4.96
0.0 L . L s . 640 660 680 700 720 740
300 400 500 600 700 800 Emission wavelength (nm)
37 nm Wavelength (nm)
a b
E(eV) E(eV)
3> e 7080V 30—
vy
------- 531eV
2/x> - 2/x>
g
------- 3546V
x> - hvg > 4
A% quls 1776V
a
. h\"
> Lod- >
o o
% o L I - "
Y );‘. N N2 N % | #
it‘m‘i»\\xt/» N R
S . . Rashba effect
ol ARE0F ~ |\ asnpa errec
-« | N X - s | 7|\ r's ~ |
!
X | 4| ¥ |
¥ | = | > 1 "4
| E E
M sy x|
>
5
¢ 0 ' ' amT Eq Direct .
010 T Indirect
2o ko
z 0.05 Kk k
3
é 20 - 5
5
g
2 o5 4 0.05
4 0 ! -0.10

14



MAXIMILIANS-

meeas. | TOpPiCS: Problems in Perovskite

UNIVERSITAT

MUNCHEN
— L =

Toxicity: Lead
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Two topics (talks) per week
Everyone must prepare a topic and give a talk
Initial material provided
Goals:
* Become acquainted with a new topic
* Read, understand and present reseach articles

* Search for additional material (background materials,
additional articles)

* Prepare a presentation
* Give a talk (approx. 30 minutes)
* Answer questions on topic (15 minutes)
Talk: 30 minutes -> roughly 20 slides
Start with introduction to topic
Include figures, highlighting studies, findings
Include the citations to all material copied from journal articles

Everyone not giving a talk is expected to ask questions and
participate in the discussions.

Weekly attendance is mandatory.

Schedule

week| date Topics Speaker
1 | 21.04 |Introduction A. Urban
2 |28.04| seminarO Perovskite Basics Moritz Gramlich
3 |05.05| seminar1
4 112.05| seminar?2
5 |19.05| seminar3
6 |[26.05| seminar4
7 102.06| seminar5
8 |109.06| seminar6
9 |16.06| seminar7 as needed
10 |23.06| seminar 8 as needed
11 |30.06| seminar9 as needed
12 | 07.07 | seminar 10 as needed
13 | 14.07 | seminar 11 as needed
14 |21.07 | seminar 12 as needed

16
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Schedule
week| date Topics Speaker

1 | 21.04 Introduction A. Urban
2 |28.04| seminar0 Perovskite Basics Moritz Gramlich
3 105.05| seminar1l

4 |12.05| seminar2

5 19.05| seminar 3

6 |26.05| seminar4

7 |02.06| seminar5

8 109.06| seminar6

9 |16.06| seminar 7 as needed
10 | 23.06| seminar8 as needed
11 | 30.06| seminar9 as needed
12 | 07.07 | seminar 10 as needed
13 | 14.07 | seminar 11 as needed
14 |21.07 | seminar 12 as needed
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- Fundamentals - Devices

Solar Cells

- Basics of Halide Perovskites

- Optical /Energetic Properties - Fabrication

- Trap states / defect tolerance - Architectures / Working Principles

- Carrier recombination/relaxation - Multi-junction / Tandem Solar cells

- Charge carrier conduction (mobility) - Semi-transparent solar cells

1
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- Materials

- Films (synthesis, properties) - Film-based LEDs

- 2D Perovskites (Ruddlesden Popper) - Nanocrystal-based LEDs

- Nanocrystals (0D, 1D, 2D, 3D) - White-light emittision
- Cascaded Energy transfer (Funnels)
- Physics

- Multiphoton Excitation

1
—
o))
wn
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=
(%)

- Amplified Spontaneous emission (ASE)

- Carrier Multiplication . .
- Cavity lasing

- Polaron formation

- Rashba effect

- Random lasing

- Nanocrystal lasing

- Problems - Detectors
- Toxicity: Lead - Photodetectors
- Stability - X-ray detectors
- Halide lon migration - Gamma-ray detectors

18
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uni-muenchen.de

Nanospectroscopy Group,
Department of Physics
Koniginstr. 10, 80539 Miinchen

Perovskite Mixture ‘



