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Discovery of Pb-Free Perovskite Solar Cells via High-Throughput
Simulation on K Computer
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[Abstract]

In this study, we performed a systematic high-throughput simulation with density
functional theory for 11,025 compositions of hybrid organic—inorganic halide compounds in
ABX3 and A2BB'Xs forms, where A is an organic or inorganic component, B/B' is a metal
atom, and X is a halogen atom. The computational results were compiled as a materials
database. We performed massive computational simulation by using the K computer, which is
a massively parallel many-core supercomputer in Japan. By applying the screening procedure
to all the compounds in the materials database, we discovered novel candidates for
environmentally friendly lead-free perovskite solar cells and propose 74 low-toxic halide
single and double perovskites, most of which are newly proposed in this study. The proposed
low-toxic halide double perovskites are classified under six families: group-14—group-14,
group-13-group-15, group-11-group-11, group-9—group-13, group-11-group-13, and
group-11-group-15 double perovskites.
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ABX3 & ABB X IV WA EE LT-. Z Z T, A=MA, FA, Cs; B/B'=Be, B, C, N,
Mg, Al, Si, P, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Sr, Y, Zr, Nb, Mo, Tc, Ru,
Rh, Pd, Ag, Cd, In, Sn, Sb, Ba, Hf, Ta, W, Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi; X =CI, Br,| T&
5. éfﬁﬂﬁé\bﬁiﬁ&i 11,025 TdH 5. FHEEICIESWZBREEPLEEE (DFT) (255
W RHRFHEICLY, TROARZ ) —=U TR Lizn-> T, Ebe 7 2
A Fi(l?ﬁaaﬂﬁ@%ﬁiﬁﬁﬂ%f’—?%iﬁm L7z, BHEICIZVASP 7' 7 Z Ax -,

1. PBE ILB% &2 VY, &AL, X7 A0 A MEEEREFT 208w E2 8.
2.PBE LV TE&FEDRENY RX Y v 7N 35eV UL EDILEY & BRI

3. AV - BUEMAMEM A% E L7 HSE12 (SO-HSE12) L%k Z vy, /N2 R¥ vy
v 7 EHE. 0.8eV L END 226V L FOEBEER X v v SR OB AR, B
BEEXy v T EROPLERD YL, —FBEWEEER X v v 7 L OEN/PNIVEER
HEH.

4, B EEALDOF v U T REE DK E VB KA.

5. #MEIC#E (Pb, Hg, Cd, As, TI) &b & krit.
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FREDOAZ V== 70280, 11,025 [HOEMH S 74 EOREMEIESR b imi{b
BT AzBB'Xeﬂ‘” IR LTI, ABFEIC L D 1D TIRE S NILEWTH 5.
BYA MIBALTEMERDOHKOMAERTTHET L L, TRO6 XA THRETHI L
NTED, FERNCBE L TS A RET D,

(a) 14 IR LA W 5K MALGeSnls (1.56 eV) 72 &

(b) 13 15 B R(LE 8K FA2InBIiCle (1.37 eV) 72 &

(c) 11 R LA W -84 FA,CUuAUBTKe (1.59 eV) 72 &

(d) 9 1513 IBERALA 81K FA2RhInI (1.63 eV) 72 &

(e) 11 113 R LA 8K MACulnls (1.29 eV) 72 &

(f) 11 %15 ERL S WA MALCUBIls (2.11 eV, EHEER) 7o L
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