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Introduction

Na*

MA*

ﬂ“ EA*

MA : Methyl ammonium
EA : Ethyl ammonium

O Effects of adding copper
— Increase in particle size

Homogenization of surface morphology
K. L. Wang, et al. Nano Lett. 19, 5176-5184 (2019)
& M. Jahandar, et al. Nano Energy 27, 330-339 (2016)
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O Effects of adding alkali metals
— Decrease in hysteresis, etc.

Inherent additive effects
S. G. Kim, et al. J. Mater. Chem. A 7, 18807 (2019)
\_ C. Baena, et al. Science 363, 627-631 (2019)
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/O First-principles calculations

Copper and alkali metals substitution
destabilizes crystal structure

— Stable organic cations were introduced

for stability
D. Liu, et al. RSC Adv. 9, 7356 (2019)
\ M. Mateen, et al. Sci. China Mater. 63, 2477-2486 (2020)
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O Purpose of this study

Investigation of the effects of adding copper, alkali metals,
and organic cations to perovskite crystals through
experiments and first-principles calculations




Device fabrication

Spin-coating -
Spira-OMeTAD solution Vacuum deposition of Au

Spiro-OMeTAD

DPPS . Spin-coating pe_rovskite
precursor solution
Perovskite and DPPS

Spin-coating perovskite
precursor solution

1. Spin-coating compact Compact TiO, / 1. Spin-coating mesoporous
TiO, precursor solution TiO, precursor solution

2. Annealing at 550 °C for 30 min FTO substrate Annealing at 550 °C for 30 min

no
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T. Oku, et al. Coatings 11, 665 (2021) L. Huang, et al. Sol. Energy Mater. Sol. Cells 141, 377-382 (2015)
Addition of DPPS to Increase of heat treatment
enhance heat resistance temperature in steps to improve
of perovskite crystals quality of the perovskite film




First principles calculations

Effect of Br substitution on energy gap

MAPDI, MAPbB,

Model  AE (eV) E,(eV) m mg m,*/m,
MAPDI, 0 151 0.071 0.100
MAPDBT, -160 2.26 0.224 0.100

E : Total energy
E, : Energy gap
m.*/mgy, m,*/my :
Effective mass ratio of electrons and holes
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—=_—1lo
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Voc: Open—cwcwt voltage
E, : Energy gap

Br substitution increases Eg
— Possibility to improve Vg




First principles calculations

Effect of Cu, Na and EA on crystal structure stability

NaPbl, MACul, EAPbDI,

P Model AE (eV)
MAPDbI, 0
NaPbl, +510
MACul, +980
EAPbDI, -180

O Cu, Na substitution
— Destabilization of
crystal structure

——

O EA substitution
—Stabilization of
crystal structure




Results and discussion

J=V curves and parameters

24
22 o Bz NaBra Calculation
20 t I
" 18 MAPDI, E,=1.51 eV
£ Standard g
<E<16 | MAPDBTr, E,=2.26 eV
E14 . . :
Z  |CuBr, 2% +NaBr 2% + EABr 5 % Br substitution increases E
3
=0 . le ( A )
o 8 ~ — — — Og
= 0oC
s, AM 1.5 q Jsc
A 100 mMW cm~2 Voc : Open CII’CUI'[ voltage
E, : Energy gap
2
0 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 Increaseof E;contributes to higher Vo
Voltage (V)
- Jsc Voc Rs Rsh n Nave =
Devices mAcm=2) () 7 (Qem?) (Qem?) (%) (%) (eV)
Standard 22.2 0.739 0.497 4.18 383 8.17 5.82 155
CuBr, 2 % NaBr 2 % 21.7 0.841 0.578 5.93 594 10.5 8.36 1.56

Cu2% Na2% EABr 5% 21.3 0.843 0.585 5.12 558 10.5 8.67 1.57




Results and discussion

Total energies and device durability

12

10 k CuBr,2 % + NaBr 2% + EABr 5%

8 \

nave (%)

CuBr, 2 % + NaBr 2 %

0 1 2

Calculation

O Total energy (keV cell?)

MAPbI, : =3.50
NaPbl, :=2.99
MACul, : =2.52
EAPDbI, : -3.68

Stabilization of crystal structure

by EA substitution
— Enhanced device durability

4
Time (week)
_ Nave (%0) .
Devices = Stability (%)
Oweek 1week 2weeks 4 weeks
CuBr, 2 % NaBr 2 % 8.36 7.34 6.61 6.75 79.1
Cu 2% Na2 % EABr 5% 8.67 8.34 8.34 7.98 96.2




First principles calculations

Results of first-principles calculations using the partial substitution structure model

EA12.5%

EA Cu Na12.5 %

Model AE (eV) E;(eV) m/my, m,*/m,

EA

12.5 % 0 1.49 0.228  0.199

EA Cu Na

12.5 % +200 1.04 0.241 0.355
m,*/m, : Effective mass ratio of holes

O Cu and Na substitution
— Decrease in E

2
$ o= 1. s = E,=1.04 eV ] %‘
= . =0. < .~ 1 my = 0.241
/o201 4 fmeb | —-lme/m= 0388 Increase in m,,
= ;; —\\., W

O Cu addition

E,:1.55—-1.56 eV, n : 8.17-10.5 %
— Results of experiments and
calculations don’t correspond




Results and discussion

Model of the excitation process

@ @

Pbp o lo /
Calculation

lp— Cud—
hy O Cu substitution
@ Electron p Eg . 1.49-1.00 eV
9 Hole m,*/m, ¢ 0.199—0.352

Cud

The Cu d orbital level

Experiment functions as an acceptor level

|-p—Cu-d
O Cu addition / »»> Acceleration of carrier generation
E, : 1.55—51.56 eV Cu-d,I-p—Na-s

n : 8.17—10.5 % »»>» Decrease in carrier recombination




O Halogen substitution

— Affects energy gap
»>»> Correspondence between calculation and experimental results

O Stabilization of crystal structure by EA substitution

— Enhanced device durability
»»> Possibility of predicting durability by first-principles calculations

O Co-adding effects of Cu and Na are discussed using the

band structure

»»»> Possibility of accelerated carrier generation and reduced loss of
generated carriers

© A method to study the effects of adding compounds using first-
principles calculations and experimental results
»>> Applicable for use with other alkali metals and organic cations




Supporting information

MAPDI, MAPDbBr, MAPDCI, MAPDCIBr
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Model Total energy (keV) Energy gap (eV)
MAPDI, -3.50 1.51
MAPDBT, -3.66 2.26
MAPDLCI, -3.78 2.75

MAPDLCIBrl -3.64 2.03




Supporting information

MACul,

EAPbI,
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E;=1.43eV
my* | my=0.076

my* | my =0.104

Model Total energy (keV) Energy gap (eV) m.*/m,
NaPbl, -2.99 1.06 0.077
MACul, -2.52 1.48 0.136
EAPDI, -3.68 1.43 0.076
EACul, -2.71 1.42 0.097




Supporting information

EA125% EACul2.5% EACuNal25% EA CuNal25%Br25%
. E,=149eV T | g =1000ev s g, =10aev I E,=1.30eV
ﬁ mg* I my=0.228 i m,* | my=0.266 ﬁ m* | my=0.241 ﬁ m.* | my = 0.250
Y my I my=04199|| 4 lmd ~m Imy=03852f 4, A ~{m 1my =055} 4, | my* 1 mq = 0.490 |
u4 = ! T 9 'u z—\,f‘l !\x-\lp{/" “ z—‘\\—’f = - i
’ Total
\

g Bis g

Model Total energy (keV) Energy gap (eV) m.*/m, m,*/m,
EA12.5% -3.52 1.49 0.228 0.199
EACu 125 % -3.39 1.00 0.266 0.352
EACuNal25% -3.32 1.04 0.241 0.355

EA Cu Na 12.5 % Br 25 % -3.36 1.30 0.250 0.490




Supporting information

Intensity (a. u.)

CuBr, 2 % + NaBr 2 % + EABr 5 %

Standard

CuBr; 2 % + NaBr 2 %

. & Standard

CuNaz2%

CuNa2%EAS%

23 23.2 23.4 23.6 23.8
20 (degree)
: Lattice constant Crystallite size
Devices I100/|21O (A) (A) I211 (tetragonal)
Standard 8.7 6.262(1) 697 1.00
CuBr, 2 % NaBr 2 % 2.6 6.271(1) 679 0.60
CuBr, 2 % NaBr 2 % EABr 5% 3.1 6.261(1) 674 0.81




