Perovskite solar cells

Zhihua Xu, Kevin Weeks, Taryn
De Rosia

Department of Chemical
Engineering

University of Minnesota - Duluth



Outline

* Introduction: PV technologies
— Silicon
— Thin films
— Multijunctions
— Emerging PVs

e Perovskite solar cells

* VFP research projects



Solar Energy Facts
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How photovoltaic solar cells work?
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Crystalline Silicon PV

Source: McGehee, Energy Seminar 2014



Why silicon PV still expensive?

2013 Solar Market Share c-Si production

* High temperature
=3
Silicon
90%
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Thin Film
10%
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* Indirect band semiconductor
 Low absorption coefficient
e Silicon thickness (~*200um)
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Thin film PVs

Thin film PVs use direct band gap semiconductors as light absorber

e (CdTe, Amorphous Si, CIGS, GaAs...

Pros:
Film thickness: 100 nm to 10 um

* Lower processing temperature
Light weight, flexible

Cons
e Less abundant elements

 More complicated structure
* Vacuum processing
* Lower efficiency

Thin film PVs are also expensive




Multijunction PV
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Extremely expensive

D. Forbes and S.Hubbard, SPIE Newsroom, 26 July 2010,



How to bring the PV cost down?

Emerging PVs:

Earth abundant elements

Inexpensive fabrication

= |ow-temperature
" solution- processing
= roll-to-roll manufacturing e

Dye sensitized solar cells (DSC)
Organic Solar cells
Quantum dot solar cells

CZTS solar cells

High efficiency .

Perovskite solar cells (PSC)

Easy installation
= |ight weight
= flexibility




Efficiency (%)

H=3

Best Research-Cell Efficiencies @

NATIONAL RENEWABLE ENERGY LABORATORY
50 Sharp
Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies (IMM, 3082;3%
ol T
IMM = inverted, metamorphic O CdTe Spectrolab Junction Fraunhofer
. £ (LM, 364x)  spire (M, 942x) 5] ISE/ Soitec @TXI
V' Three-junction (concentrator) S—ArmorpoTs-Sitstatiret— Spectrolab | Fraunhofer ISE . Semiconductor " : NREL :
44 |~ 'Y Three-junction (non-concentrator) Emerging PV (MM, 299x) | (MM, 454x) (MM, 406x) A 44.4%
ﬁ Two-!unct!on (concentrator) Q_Diocacsizodcs Boeing-Spectrolab  Boeing-Spectrolab Soitec NREL
- ;’wo-]lunct;pn (non-conFentratotr) il (MM,179x) (MM, 240x) (4, 319%) (4-J, 327x)
our-junction or more (concentrator 5 ' i
H0F o et : L4 Organl_c cells (various types) NREL (IMM) REL Solar oeing
Four-junction or more (non-concentrator) A Organic tandem cells iy (MM 3257 Juncion - Spectrolab (5) ——
Single-Junction GaAs ® |norganic cells (CZTSSe) Boeing-" " T (LM, 418x) . .w'¥ Sharp (IMM) 37.9% v
: <> Quantum dot cells Boeing- Spectrolab
36 2 Single crystal Spectrolgab **“Sharp (IMV)
Concentrator ¢  Boeing- st Sh am (IMM
WV Thinfilm crystal NRE Spectrolab Spectrolab NREwMM) .... i A (N) NREL
Crystalline Si Cells Ja Spectrolab Rios
- 2 pan % Spectrolab e -
32 B Single crystal (concentrator) NREL Energy — IES-UPM FP1(137|§)E Alta i'iEL
B Single crystal (non-concentrator) Varian NREL Spectrolab (1026x) Devi
O Multicrystalline Varian (216 Radboud U. O Al Devices -
200U FhGHISE AA PIREAA
L @ Silicon heterostructures (HIT) (205%) (214 SunPower Amonix 232X A Panasonic LG Electronics YgT3 -8% Avg
28 ; 9 = (232x)
WV Thin-fim crystal NREL O e mm——————————(9) 27.6% B
Stanford D= == = == mm /e = e = = = = = = = = e B sempnc —A-=-""%n asonlc SunPower
(140x) Vara*n(f)pm G el S S o o BTy FRGSE Alta Devices (mgeéifm” 25.6%
el N N 25.0%
24— e v £ ° Solexel o
1BM e iy FhG-ISE Sanyo SN0 xlc-z
(TJ. Watson A= === N Stanford UNSW/  NREL Sanyo
Research Center) UNSW _ Georgia  Eurosolare  (14x)
20— ARCO Georgia  Georgia  Tech SFH )
Westing- Tech Tech NREL NREL  NREL NREL ~NREL v§<>Iexel
- house NREL NREL NREL u. Stultgart Fraunhofer ISE
andia \4 First Solar
16 — . e GE Global
Mobil Mo, O S TREL T WEV U, sutgan United Solr OO | eSO
Solarex nited oolar LG Electronics._
e NREL EUO-CIS  yriteq Solar ~~~___United Solar (aSilncSiincS)
12 — Boeing Ko d  Kodak Kodak ARCO Boging O— Sharp, -
Kodak 20O~ Photon Energy CTEDS
Matsushita 0dd s
® % ARCO o\ Konarka
8 United Solar Solarmer <
NREL/Konarka Konarka
U.of Maine Groningen U. Linz
U4 U. Toronto
4 Siemen Plextronics a¢ Heliatek (PbS-QD)
‘ IHEns U. Dresden NREL
RCA : (ZnOIPbS-QD)
0L 1 | Co oy b b by g
1975 1980 1985 1990 1995 2000 2005 2010 2015

http://www.nrel.gov/ncpv/




Organometal Halide Perovskites

® > o
CH,NH,* Pb2 I I ol
Perovskite
ABX, (CaTiO,) CHsNHSPbl, CHGNHGPBle. Cl
v' Low temperature v’ High absoption
v’ Solution processing v Small exciton binding energy

v’ Earth abundant elements v Excellent charge mobilities

J. Phys. Chem. Lett., 2013, 4(15), pp 2423-2429



Perovskite solar cells

Mesoporous (DSC) VS Planar (thin film PV)
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Spiro-OMeTAD

HTM

Ti02/CH3NH3PbI3
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FTO Fro
- Glass
Challenges: 5 20, «— Reverse
* Device structure §15- e
* Hysteresis 2 104
e “Lead” issue £ 5-
e Stabilit 8 04—+ v+ 7+

Voltage (V)
Snaith et al, Science 338, 643-647 (2012)

Griitzel et al, Nature 499, 316-320 (2013)  >naith etal, Nature 501, 395- 398 (2013).



VFP Research: The role of TiO, Nanopaticles

To examine the effect of TiO, NPs on
perovskite film morphology, crystal structure,
optical and electronic properties, and device
performance

» Perovskite light absorber: CH,NH,Pbl,  Cl

3-x "X

» TiO, :compact film, 20nm NPs, 200nm NPs

Device fabrication

* Film deposition: one step spin coating
* ETM: TiO, compact layer

* HTM: Spiro-OMeTAD

* Electrodes: Ag, FTO glass

500nm



User facilities at CFN

Hitachi s4800 SEM

Solar cell fabrication systems



Film morphology
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Crystal Structure
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PL of Perovskite films

PL intensity (a.u.)
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Significant quenching of PL lifetime indicates efficient electron
transfer
Long lifetime components in compact and 200nm TiO, samples

Variations in spectra (peak position and band width) suggest different

P T B DN Y o I T T



Fluorescence lifetime imaging
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