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Note on emerging PV: Lab scale, “un-stabilized” or other caveats

NATIONAL RENEWABLE ENERGY LABORATORY


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

Before Perovskite PV and post 2009
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Conducting tin halides with
a layered organic-based
perovskite structure

D.B. Mitzi*, C. A. Feild®, W. T. A. Harrison®
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[54] TWO-STEP DIPPING TECHNIQUE FOR THE
PREPARATION OF ORGANIC-INORGANIC
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|75] Inventors: Kangning Liang, Mohegan Lake;
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Michael T. Pr Vallev Stream, all
of N.Y.

|73] Assignee: International Business Machines
Corpaoration, Armonk, N.Y.
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[57] ABSTRACT

A convenient two-step dipping technique for preparing
high-quality thin films of a variety of perovskites is provided
by the invention, Thin films of Mi, (M=Pb, Sn) were first
prepared by vacuum-depositing M1, onto ash glass or quart
substrates, which were subsequently dipped into a solution
containing the desired organic ammonium cation for a short
period of time. Using this technique, thin films of different
layered organic-inorganic perovskites (RNH,).(CHLNHS), _
1M, L, (R=butyl, phenethyl; M=Pb, Sn; and n=1, 2) and
three-dimensional perovskites CH;NH;MI; (M=Ph,
n==) were successfully prepared at room temperatu
lattice constants of these dip-processed perovskites are very
similar to those of the corresponding compounds prepared
by solution-growth or by solid state reactions. The layered
perovskite thin films possess strong photoluminescence,

I'he

distributed uniformly across the film areas. Similar results
are achieved starting from spin-coated ML, films, which
were dipped into appropriate solutions of the organic ammao-
nium eations, The process of the invention ¢an be used for
a variety of organics
incompatible solubility characteristies or even if the organic
component is susceptible to thermal decomposition on heat-
ing, Thin perovskite films prepared by the method are
attractive candidates for emitter materials in electrolumines-

5, even if they have

cent devices.

19 Claims, 10 Drawing Sheets
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Solar ‘Perovskite’

A = {Methylammonium, Formamidinium, Cs ...}
B={Pb, Sn, ...} |
X={Br, |, ...}

CH;3NH;" Pb?* |-
A B X

Generic formula: ABX,

Notable work by Mitzi in transistors

B. Saparov and D. B. Mitzi, “Organic—Inorganic Perovskites: Structural Versatility for Functional Materials Design,”
Chem. Rev., pp. acs.chemrev.5b00715-39, Apr. 2016.
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Band gap tuning (solution processed GaAs)

Formamidinium lead trihalide: a broadly tunable perovskite for efficient planar

Absorbance (AU)
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Fig. 1 Tuning perovskite bandgap by replacing the A cation. (a), The
ABX; perovskite crystal structure. (b) The atomic structure of the three
A site cations explored. (c) UV-Vis spectra for the APbls perovskites
formed, where A is either caesium (Cs), methylammonium (MA) or
formamidinium (FA).

Fig. 2 Tungability of the FAPbI Br;_,, perovskite system. (a) UV-Vis absorbance of the FAPbI,Brs_, perovskites with varying y, measured in an
integrating sphere. (b) Corresponding steady-state photoluminescence spectra for the same films. (c) Photographs of the FAPbI,Brs_, perovskite
films with y increasing from 0 to 1 (left to right). (d) XRD spectra of FAPbI,Brs_, films showing the shift of the 100 (cubic) perovskite peak to the
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Relative sizes of all components determine strain and
optoelectronic properties

Eperon et al. Energy Environ. Sci., 7, 982 (2014)
Eperon, Snaith et al. Adv Funct. Mat. 2014
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Requirements

« Three critical elements required of

Film Technologies

Crystalline Si Cells
B Single crystal (non-concentrator)

O Multicrystalline

Single-Junction GaAs
A Single crystal

© CIGS (concentrator)

e 4 Thick Si film
(.) gﬁg V' Thin-film crystal ® Silicon heterostructures (HIT)
O Amorphous Si:H (stabilized) V' Thin-fiim crystal
4 Nano-, micro-, poly-Si Solar Frontier
Emerging PV QE.|T. - —)Q-O'o irst Solar
O Dye-sensitized cells 25 Dolv) NREL KRICT/UNIST
O Perovskite cells (not stabilized) poy) First Solar \
@ Organic cells (various types) __ EPFL
A Organic tandem cells | .:-| / KRICT Trina Solar
¢ Inorganic cells (CZTSSe) olexe Solibro
< Quantum dot cells \ _ ,
First Solar Frontier
lobal  Solar $2~ \GE Global Research
arch KRICT
ES,_EE)FL_-——ﬁ)mM
V15 Sharp ERH ong Kong UST
&.-UCLA-Sumitomo U TU.Tcironto
HellatekChem' 107onio

L
) e MIT  U.Toronto

»For hybrid/halide perovskite materials as

well as resulting HPSCs, connections Ay
between material, processing, PES.OD)
properties/performance are closely linked N T N N N T T T |-

2015 2020

»Perovskites are cutting edge cell nano technology that offer potential for
significant cost reductions

NATIONAL RENEWABLE ENERGY LABORATORY



Approach to Pevoskite PV for SuNLaMP

* NREL SuNLaMP program focus on three key requirements of successful PV

technologies
 Emphasis near term is on stabilitv (not neeglecting other combonents)

A

Scalability Efficieiis

Stability

Emphasis

Core Development Level

r.yﬂcalahiliw \

Stability ‘ ) Efficiency
Fyle F¥1? FY18 F¥15

Time

»Credible applied science efforts require the ability to maintain core activities for
advances in these areas with agility to change emphasis as required to advance

this technology to market.

Goal: Enable HPSCs Technology

NATIONAL RENEWABLE ENERGY LABORATORY 7



Core HPSC efforts

) Sta b i I ity m]]]MMERIM.S [
— active stability et
— +16% PAL

— Stable in high (90%)
humidity

* Efficiency and stability

— Understanding of band
alignments

— Clearer identification of
performance limitation
of contacts S e imes e s

Stability of Perovskite Solar Cells: Reduced
o | Degradation Using MoO,/Al for Hole
#an Collection

e Stability & scalability of
devices

— Improved stability with
contact choice

— Lower cost contact with
better stability

il ]J]




High quality technical output is priority

Energy & - - Energy & PP
gzi\:?o:zmcnml ‘ - i?:{:?:a‘l}'l el ‘ e gz;:\o::mcnml ‘ ot mM“Em“s =
@ St ot ot o ®— s ot =TT St
Chem Soc Rev .t /i I 'I/i__
® B e =
W ﬁ:lgam—muqamc:",::?El:::nr:hmwnuuoi R e
= = Eféray = Eféray B
[ T} o
Charge Transfer Dynamic: xmwec L rbon Manatubes and Hybrid Eﬂe:t o[ Water \fapor Temperalure and Rapid = - Influence of Electrode Interfaces on the =
m':a:' \N\WF;LE‘ :'D::h""mlmg‘{:«mfs';‘:frwm;’"“‘"e Thin ‘?'gaM MeHI_H-I:ﬂe P«°_-' e Film _ . . im Lead Triiodide = Stability |_:-f Pero_lvskite Solar Cells: Reduced ]
¢ : . ! ; e . | Perovsklte Crvstalllzauon e cD:ﬁ;zgz:on Using MoO,/Al for Hole |
- - e
T T
Key findings/results
* Foundational insight into PAL material formation * Developed & demonstrated PAL with improved
* Basic information to enable interface engineering hydrothermal stability
* Critical information regarding PAL optical properties * Improved carrier transfer from PAL to SWCNT HTM and

* Demonstrate impact of contacts in HPSC device stability impacts on HPSCs

New capabilities

*  Scalable processing of HPSC in development (Blade and R2R based synthesis with NREL LDRD)
*  SPA capabilities (operational with additional bandwidth being constructed)



Q4FY16 publ

ications

ICLE

Journal of

Materials Chemistry C

f(_", P

Eﬂeclg of alloying on the optical pmp_enies_of

= - i . ks :E':I i - ) organic-inorganic lead halide p thin
Large polarization-dependent exciton optica amm filmst
Stark effect in lead iodide perovskites PuiAF. Moo T L and Kl Tt
Beard Energy & P
' Environmental " craras
Science -
@- Methylammonium lead iodide grain boundaries
exhibit depth-dependent electrical propertiesi
ARTICLE e 1% Mariciei Ve Somreet Barveems:= deac 2 o

Facile fabrication of large-grain CH3NHsPbls ,Br,
films for high-efficiency solar cells via CH3NH5Br-
selective Ostwald ripening

5
LETTEeRS gy

Defect Tolerance in Methylammonium Lead
Triiodide Perovskite

Phil Schuls, Gler

REAREN|

Tecter, Viadan Ste

anovic, Niengiin Yang, Kai Zhas

transorm thae shecironsc density of stuivs aly when in high coscesiratisss.

* Additional 8 publications
o 4 relating to stability
o 3 relating to scaling

o 3 basic science innovations
(Multiple cross cutting publications)

Mes Lo
Strontium Insertion in Methylammonium Lead lodide:

Long Charge Camier Lifetime and High Fill-Factor
Solar Cells

Daniel Réree-gial-Rey; David Forgacs Bine M. Huther, Tom J Savenje. Dennis Nordfund
Philip Schuiz,* Jbeeoh J Bary; Michele Sesmio,” and Henk J Balink

AR i
Employing Lead Thiocyanate Additive to Red

the Hysteresis and Boost the Fill Factor of Planar
Perovskite Solar Cells

Wi Ka, Chuariso Xso, Changlel Wang. Bayrammurad Saparoy, Han-Sheng Duan
Dawal Zheo, Zewen Xeo, Fhillp Schuiz, Sevn P. Hanay, Wiigiang Liso, Vel Mang,
Woe W, Aleander J Cimandi, Chun-Sheng Jang, i Zhu, Mowafak Al-Jbssim,

Guofis Fang * David B Mitzi," and Yanfs Yan*

ErT vty
corer L6 & gawa

Quantum dot-induced phase
stabilization of a-CsPbl 3 perovskite
for high-efficiency photovaltaics

NATIONAL RENEWABLE ENER BORATORY



HPSC Activities

SuNLaMP activities

Performance and Stability (perovskite active layers= PAL)
Cs,FA, Pbl, device demonstration and initial stability

Performance and Stability (interfaces and contacts) will be discussed at ONR work shop

Cs,FA,_Pbl; microstructure control

— Impact of structure on electronic properties

MA,Cs FA,, PbBr 15,
Sn based alloys
Baseline studies of MAPbI,

Spiro acid doping
Spiro—free/Alternate HTMs (organics)
SWCNTs (Blackburn)

MAPbDI; vs Alloys Interfaces (performance and stability)
— Cs,FA;Pbl;, MAFA, .Pb |5, MACs FA,, PbBr,I;

Phosphonic acid modified interfaces (Q2 call)
Scaling activities

+6 volt mini-module (Nat. Lab Day)
1cm? devices (Q2 call)

Characterization and process development

PAL formation

Cross cutting studies (stability)

In-operando experiments at SLAC
—  (Cs,FALPbly, MAFA, Pbl;, MACs FA,
— Different contacts/device architectures
SPA and Combi-degredation experiments
—  (Cs,FAPbls, MACs FA, . PbBr,l;)
— Different contacts/device architectures
Materials formation

PbBr,l5.,)
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Goals for SUN UP

* Scientific publication is targeted outcome

o High technical merit (compelling research idea/topic)
— Not already under investigation
o Materials characterization based projects

o Device characterization based projects

* |If one or both of the following is true

— Narrow project scope (i.e. specific technical question)
— Existing/Prior Perovskite Material/PV experience
— Technical Merit

o Then 6 month term is reasonable

* |f these are not the case then it will likely take additional
time to do some thing publishable

* Everything is negotiable but you will have to make good
case for the benefits

NATIONAL RENEWABLE ENERGY LABORATORY
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