R I B E ST HEHE S 2E (ALCA)
a7 ey =/ M) [ e~ Rm U A MZ LD

CO, 1Tl |

%%FLE% rf)%fﬁi//%\%@/}\foab R 2 7\2774) I\ %K
BRI OB )
wTHwEE

WFZCBHFE BAT] SRk 284E11 H ~4& fu349 A

DI B L AV A SRS
AR R AL ZE T 2i%)



O
HRESEN (F130)

WFFERA AR IEE AR B e 178
WHIERSE AL  BREL AT O D72 mERE <0 7 AU A MR KEG FE oD B %8

1LWFFERH T D B /Y

A —Rr =a—t7/V % B LT HERBI COMR R FILEANBRFE £ L C, BT F72 KI5 AU
DBAFERDHINTND, ZIET, TV R KBEEMZ FINE AR EEA TN, BEFFO K
HCIE, BRE FTREZE HI SR OAL D, ZAVE TR O RO r B il IR 2 L0 E AN R EETH
ST (TGO BRSSPV ORER , B OEm, BN/IYLT SAAHE)IC, SHIKBEEREE
HERNAF—JREL TEAT AT, BE- T U7 VORIREL D FT- 72 KB O BR7
LHEFRENROOND, ZOREEL SR KEMEL T, a7 2N
DTS, Ll BUROA KBTI EHZEA DS O HALTEY, RoHS fi5 128 51iK%
NF Do INKFHENTE T D720 1E, 837V — DT 2 A MK T E e FEHLN
MR R Th D,

2 WFSEBAE O

(DNEABFFETIE, MEMEZEDR S DD g7 ) =T a7 2 A K B oo i PEREA L I B
FLATZ, JH B OB LA B OB 3 L2 N OO BATHANBA T . SOI2IET A AERE AT B 7% %
1TV, FradHHE R E A 2SS 3L AR 7 v — 7 LI L | BT D8 B L O N

AARDFHEIZ DWW CEENC R 2D 7o, 2B BMEIO R ES L2, S MR 2

LA B, >15%DiERIC B LA DI HZENTET,

QR 7 V=TI E LT, Sn BT ZHA MR HE B Ui, AEER B ClE, 3
B Sl SN FEA~LER LI TUNZED | ARDFFEDELIVRNVR LR V- Tdh -
7o ZAUSKIL . AWFZECTIE, Ml L ATBRASEOBR %S | AT 1L (HAT 15) OB 3 LU Sn*
FREDOAT R T —iE70E M B O ERCEAT A AL BIRE LTz, ZAUTEY, 2020 FI2iE
11.5% (GEFFE 11.2%) ZER LIz, £7-. ZHHDOTEIT Sn-Pb 1E-A T O [RGB A4 B}
(2 B C& |, WA E CIT R R B R L 72D 23.6% DB AN R AESHZLITH R,

QYA DR AR RES LI, SOICHEBGRE TOR MR EHIEEZITOZE T, 8RO
RO R et & OARIAS FIRE CTHY | Fio, B ORE D/ Sy o _X—a Fia R T 528 T,
SHRLEMERR LB I OE MM AL FTREIZ /20 D EHIRF TE D, BlEfex, AL D HIET,
>20%D S ISR RO FEB A THWFLA TV,

-2



OReport summary (English)

Principal investigator: Atsushi Wakamiya, Professor, Kyoto University
R & D title: Development of High Performance and Environmentally Friendly
Perovskite Type Solar Cells

1. Purpose of R & D

Efficient photovoltaic systems are a key low carbon technology for achieving carbon neutrality.
While photovoltaic systems are widely deployed in Japan, remaining locations suitable for
conventional silicon-based PV systems are now limited. To increase the number of PV systems in
nonconventional installations, such as rooftops, walls, or indoors, light and flexible photovoltaic
technologies are desirable. Solar cells based on metal halide perovskites have attracted much attention
as a potential candidate for these applications. The perovskites typically contain toxic lead, however,
which restricts their commercial development due to the RoHS (Restriction of Hazardous Sustainable
Directive). Developing highly efficient, lead-free perovskite solar cells would remove these
restrictions and allow perovskite photovoltaics to compete much more effectively in the PV
marketplace.

2. Outline of R & D

(1) Contents:

In this research, we focus on improving the efficiency of lead-free perovskite solar cells, with
particular emphasis on developing new materials chemistry. We have developed highly purified
perovskite precursor materials, as well as printing methods for lead-free perovskites. Working
photovoltaics devices using these technologies have been demonstrated. The performances and
characteristics of the new materials and devices were evaluated by the collaborators, providing
important stimulus for further development. Based on these materials and devices, we could pave the
way for achieving lead-free perovskite solar cells with over 15% efficiency.

(2) Achievements:

Our approach uses Sn-based perovskites as the semiconductor. In these materials, we find that the
facile oxidation of Sn*' species to form Sn*" is the bottleneck issue restricting the electronic
performance. To address this, we developed various methods, including highly purified precursor
materials, a new printing method (HAT method), and a Sn** scavenger method, etc. Based on these, a
power conversion efficiency (PCE) of 11.5% (certified 11.2%) was obtained for Sn-based perovskite
solar cells in 2020. We also found that these methods were applicable for Sn-Pb mixed systems having
wide ranging photo-conversion ability. We succeeded in achieving the world record for perovskite
solar cells having an inverted structure, with a PCE of 23.6%.

(3) Future developments:

Based on these results, further improvements of the materials and films become possible, leading
to higher efficiency and better durability of the Sn-based perovskite solar cells: 1) reduction of defects
in perovskite films by control of crystal growth during the film fabrication process, 2) gain of higher
open circuit voltages and current densities by passivation technologies of the perovskite film surface,
etc. We will continue to study Sn-based perovskite solar cells, aiming for >20% PCE.



