AIST XX RBH L RRRBES 2016

BHEAROT RO LD
= A= I {E) &4 SR R R BEAT
NEREMELE I —
AR FRTF—L
= BE

EHRmEREEA B i i fa = I ZL P



5 2474 AIST ABERRTE REMEL 2016

HHeenROJT A HhAk

44444 o
= mg & ¢ 4@)4}.‘} o X
Ml + f — Q}.ﬁ}.ﬁ}.ﬁ} @ CH:NH,
o T ey P s 4}4}4}4} ®© Pp2+

Lead halide Amine halide Perovskite crystal

High efficiency Low cost

EHRmEREEA B i i fa = I ZL P 1



Efficiency (%)

50

48

44

40

w
(o]

w
N

N
(o]

N
NS

N
o

_
»

12

AIST XX RBH L RRRBES 2016

. = . g
W
Best Research-Cell Efficiencies e.s INIKE L
Multijunction Cells (2-terminal, monolithic) ~ Thin-Film Technologies Sharp )
LM = lattice matched © CIGS (concentrator) Boeing- (MM, 3021 4SO|;EC7
[ MM = metamorphic ® CIGS Sp:cetroglab Solar | (4-J, 297x)
IMM = inverted, metamorphic O CdTe (LM, 364%) Junction Fraunhofer
Y Three-iuncti trat O Amorphous Si:H (stabilized) EN Spie (LM, 9424 ] 158/ Softec L ]
-junction (concentrator) p . Spectrolab |Fraunhofer ISE ™\ Sermconductor 5 NREL
(— 'V Threeunction (non-concentrator) Emerging PV (MM, 299x) | (MM, 454x) . \_ (MM, 406x) 44.4% N4
ﬁ Two-!unct!on (concentrator) O Dye-sensitized cells Boeing-Spectrolab  Boeing- Spectro\ab \ . Soitee” ~~ NREL
Two-junction (non-concentrator) O Perovskite cells (not stabilized) (MM,179x) (MM, 240>< (4, 319¢) (4 327%)
B 0] Four-junction or more (concentrator) @ Organic cells (various types) ~ NREL Solar Boeing-
O Four-junction or more (non-concentrator) A Organic tandem cells NgERLE—L (‘MM‘)‘ — (MM, 325.7%) _Juncton Spectrolab (5-J) 38.8%0
Single-Junction GaAs @ Inorganic cells (CZTSSe) Boeing- (LM, 418%) o g Sharp (IMM) V
A <> Quantum dot cells Spectrolab d
| 2 Single crystal \REL Sharp (IMM)__, .-+ N\
Concentrator e b Boeing- o et Sharp (IMM)
V' Thin-film crystal NR (”\A'N,l) .... (';llg'fxl-)
Crystalline Si Cells Japan Spectrolab - entt Alta Devices
[~ D@ Single crystal (concentrator) Varian NREL  Energy ESUPN (1026 FHGSE (17 NREL _ A
B Single crystal (non-concentrator) (216x) NREL e T T mmm e —————————— = = Alta Devices
O Multicrystalline Varian - Radboud U.
u e ' FhG- \SEAA !
- ; ?;:llcofnl heterostlructures (HIT) (205%) \ va”aﬂNEE—L - SuPower() e lnA(rgg(\)lx (2320 Panasoric. LG Electronlcs
in-film crysta Stanford D mmm———m . ——— === T A _-- -panasomc SunPower (large-area)
(140x) ) o ——— = Radboud U. FhG ISE Alta Devices NREL (14.7x)
Varian SoIeer 7SW
[ e cmmmmmmmmmTTT Solar Fronfer
(TJ. Watson A=====""" NSV Stanford UNSW / KRICT/UNlST
Research Center) UNSW Georgia  Eurosolare  (14X)™ “First Sg\l_ar \
— ARCO Georgia  Georgia  Tech ISFH - na Solar
Westing- Tech ech NREL NREL  NREL NREL ~NREL . —%olexel
house NREL NREL NREL U. Stuttgart _ Eraunhofer ISE
Sandia 7
‘ No. Carolina Solarex FloridaT—, — N?zEL Matsushita NRELy ) Stuttgart Mitsubishi %esearch
Mobil State U. gojarex ) United Solar Chem. . L6 Electronics. EPFL
Solar Boeing PNREL EU0-CIS jrited Solar United Solar (aSiMncSiMcSi) ~ _ AT
— Boeing, ... Kodak Kodak ARCO Boeing O= Sharp
Photon Energy 4
Matsushita Kodak

22.1%

(Zn0/PbS-QD)

ARCO United SoTar

Monosolar Solarmer <

NREL/Konarka Konarka
U. Linz

U.of Maine

Groningen

U
Plextronics A
U. Dresde

“Siemens

©
o
59
=)
S
©
S
o)
14

1995 2005 2010

N
o
N
o

EITHEBREA B St I 18 1 M o T



. PV AIST XD AR BT RRMESR 2016

R A NFZT D ERY) #H A

Issues

Reproducibility

Controllability

Reliability

How to overcome?

Vacuum process
Novel system: Laser deposition

Understand fundamentals
In-situ X-ray diffraction analysis

EHRmEREEA B i i fa = I ZL P 3



AIST XX RBH L RRRBES 2016

44 EE2014-175492
Patent: PCT/JP2015/73596

808-nm semiconducting CW laser
Vacuum:10-4~10-3 Pa

Vaporization issue of
CH;NH;l was overcome
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CH,NH,l = Pbl,
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PCE 15.7 16.0 %
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T. Miyadera et al.,
Nano Lett. 15, 5630-5634 (2015).
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Pbl, Real-time analysis
(10 frame/s)

« Anomalous diffusion
« Orientation change

CH;NH;! diffusion

Perovskite
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