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Organometal Halide Perovskites as Visible-Light Sensitizers for Photovoltaic
Cells

organized on TiO, as n-type semiconductors. Solar energy was
converted with an efficiency of 3.8% on a CH;NH;Pbls-based cell,
while a high photovoltage of 0.96 V was obtained with a
CH;NH;PbBrs-based cell.
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6.5% efficient perovskite quantum-dot-sensitized solar cell+

Jeong-Hyeok lm, Chang-Ryul Lee, Jin-Wook Lee, Sang-Won Park and Nam-Gyu PPark™
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Lead lodide Perovskite Sensitized
All-Solid-State Submicron Thin Film
Mesoscopic Solar Cell with Efficiency
Exceeding 9%

Hui-Seon Kim', Chang-Ryul Lee’, Jeang-Hyeok Im?, Ki-Beom Lee, Thomas Maoehl?, Arianna Marchiore?,
Sca-Jin Moon?, Robin Humphry-Baker?, Jun-Ho Yum?, Jocques E. Maser?, Michoel Griitzel®
& Nom-Gyv Park!




20135

> R, HAELLAEHRA, BBHELYFF oA k&g £215%.

Sequential deposition as a route to high-performance
perovskite-sensitized solar cells

Julian Turschlea'*, Norman Pellet'*, Soo Jin Meon', Robin Thumphry Baker', Peng Gao', Mohammad K. Nazeeruddin'
& Michael Gritzel
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Efficient planar heterojunction perovskite solar cells
by vapour deposition

Mingzhen Lin', Michael B. lohnston' & Henry 1, Snaith!
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Interface engineering of highly
efficient perovskite solar cells

Huanping Zhou,"** Qi Chen,"*" Gang Li,’ Song Luo,"” Tze-bing Song,*
Hsin-Sheng Duan,"* Zirno Hong," Jingbi You," Yongsheng Liu,"* Yang Yang"*{

Advancing perovskite solar cell technologies toward their theoretical power conversion
efficiency (PCE) requires delicate control over the carrier dynamics throughout the entire
device. By controlling the formation of the perovskite layer and careful choices of other
materials, we suppressed carrier recombination in the absorber, facilitated carrier injection
into the carrier transport layers, and maintained good carrier extraction at the electrodes.
When measured via reverse bias scan, cell PCE is typically boosted to 16.6% on average,
with the highest efficiency of ~19.3% in a planar geometry without antireflective coating.
The fabrication of our perovskite solar cells was conducted in air and from solution at
low temperatures, which should simplify manufacturing of large-area perovskite devices
that are inexpensive and perform at high levels.
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Sequential deposition as a route to high-performance
perovskite-sensitized solar cells

Julizn Gurechlc, Sorman Pelel ™, Soo Jin Meen', Subin Humnphey Baler', Peng Cau', Mulsroread £ Naseerudedin!
& Wichael Grarvel'
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Sub-150 °C processed meso-superstructured

perovskite solar cells with enhanced efficiencyf
Cite this: Eeevgye Eonvrsirs, S, 2014, 7,
1142

Konrad Wojciechowski, Michael Saliba, Tomas Leijtens, Antonic Abate
and Henry J. Snaith*
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Perovskite oxides for visible-light-absorbing
ferroelectric and photovoltaic materials

llya Grinberg', D. Vincent West”, Maria Torres”, Gaoyang Gou', David M. Stein?, Liyan Wo?, Guannan Chen?, Erie M. Gallo®,
Andrew R. Akbashev®, Peter K. Davies?, Jonathan E. Spa.n.i.er3 & Andrew M. Ra
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Solar cell efficiency tables (version 44)
Martin A. Green'*, Keith Emervz, Yoshihiro Hishikawa?, Wilhelm Warta* and Ewan D. Dunlt:q:l5

Table IV. Temsstrisl concentrator cell and moduls efficiencies measured under the ASTM G-173-03 direct beam AM1.5 spactrum at a cell temparature of 26°C.

Classafication Effic.” (%) Asa” fom’) Intensity” (suns) Test Centre (date) Description
Single cefls
Gaks b B e 0.0505 ida) "? FhZISE (3/10) Fraunhofer ISE
Si 2778+1.7 1.00 idah a2 FhG-ISE (11041 Amonix back-cortact |50]
CIGS {thin film) 23.3£1.2% 008302 (ap) 15 NREL (3/14] MREL[G1]
Multijunction calls imonalithic)
inGaP/Gads/nGats 444226" 01652 ida) 302 FHG-ISE 1413 Sharp, inverted metamorphic 1521
Submadule
GalnPfGaks, GalnasPiGalnAs 3B5+19 0.202 tap) 20 MNREL {B/08] DuPant et al., split spectrum [53]
Wodules
Si 205087 1875 (ap) 79 Sandia (4/89) Sanda/UNSW/ENTECH (12 cellst |54]
Triple junction 359+18" 1092 fap) MNiA NREL {8/13) Amonix [55]
‘Motable axceptions’
Si flarge araal 217407 20,0 (dad 1 Sandia (3/90)' UNSWW |aser grooved [56]

Luminescent submadule 7.140.2 251ap) 2.5 ESTI™ (9/08) ECN Petten, GaAs cells [57]
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A swivel-cruciform thiophene based hole-
transporting material for efficient perovskite solar

Cite this: J Mater, Chem A 2014, 2

8305 cellst

iecei“:ﬁ;;ium 22}]‘;4 Thirumal Krishnamoorthy,® Fu Kunwu,” Pablo P. Boix,® Hairong Li.” Teck Ming Koh,®®
g BRE Wei Lin Leong,© Satvasheel Powar,” Andrew Grimsdale,” Michael Gratzel,®

DO 10 1039/c4ta00486h Nripan Mathews***® and Subodh G. Mhaisalkar*®®

A novel swivel-cruciform 3,3'-bithiophene based hole-transporting
material (HTM) with a low lying highest occupied molecular orbital
(HOMO) level was synthesized. This new HTM (KTM3) in CHzNHzPbls
perovskite solar cells showed a higher V. (1.08 V) and fill factor
(78.3%) compared to solar cells fabricated using the widely used spiro-
OMeTAD.
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Long-term stability. For long-term stability tests, the devices were sealed in argon
using a 50-pum-thick hot-melting polymer and a microscope coverslip, and subjected
to constant light soaking at approximately 100 mW cm ™. The light source was an
array of white light-emitting diodes (LXM3-PW51 4000K, Philips). During the testing,
the devices were maintained at their maximum power point using electronic control
and at a temperature of about 45 “C. An automatic /-V measurement at different light
intensities (0%, 1%, 10%, 50% and 100% the solar value) was made every 2 h.

power-point tracking. We found a very promising long-term stability:
the photovoltaic device maintained more than 80% of its initial PCE
after a period of 500 h (Supplementary Fig. 4). Also, it is notable that we
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