Haat AN Kot R Vol. 44 No. 4
20234 4 CHINESE JOURNAL OF LUMINESCENCE Apr., 2023

XEHES: 1000-7032(2023)04-0579-19

W% 10 2% B - RRAEAS B0 O BH i v v 39 W2 FH B 8 32 D
AET, BT, ERB KAM, REHET, R OB

(LWL Tl K2 AERERL % 5 TR B, REE 300401 ;
2. MR B TR S TR 2R DR FEERE SRS RE, HHKKE 130012)

48 v 1k W 55 5k 5 K FH i FL I 28 AE 65 52 BH 25.7% A9 IR G fL 6 Ak 0K 1238 T & K FH B F
26.7% 1 e 5 A UERCR o AR BT AL, ABX 805 SR A A Ak A ity PR 95 4 21 7 T8 A S B0 i 0O RN R AE ) 48 1 7 T K 4
B RMAE, U H R JLAEZ BT 5 B2 R XA R & 415y T Bt , e A BLFE BT A i
VR T G ER  OY 5  A o3 T IIOUARTR RD |  E Ak BURE R | o A BB SR TR G A TR LA B i
FSE Dy TR T 22 WU 5T TAT 25 AUk WY i 28 8 7 I A 2 B2 oo 0 1R I AR S Wk i B TSR o ANZR IR TR
X LG A S T E AT T T A AR FH RE L it A 22 b 2 R A U p 3, O X LR A B S A TR A Ol
FLARR P AU 7 A AR R O R R e R R A A D T R TR AL R A BT AT T IR A BSR4
SCIE X BT AR R BT R I A T AT TR ER AN AT, LUIDIAE SR SR B S b R A RO HE S Bk 0 R P R
WG R ST

X 8 W EXEBTF; A TR S5k K HAEH b 5 Bk Ekifk
hE 4SS 0482.31; TM914. 4 XERFRIZAD : A DOI: 10.37188/CJL. 20220365

Research Progress on Application of Pseudo-halide Anion

Engineering in Perovskite Solar Cells

ZHU Yunfei', ZHAO Xuefan', WANG Chenglin] , ZHANG Zuolin', SONG Hongweiz*, CHEN Cong]*
(1. School of Material Science and Engineering, Hebei University of Technology, Tianjin 300401, China;

2. State Key Laboratory of Integrated Optoelectronics, College of Electronic Science and Engineering ,
Jilin University, Changchun 130012, China)

* Corresponding Authors, E-mail: songhw@jlu. edu. cn; chencong@hebut. edu. cn

Abstract: Metal halide perovskite solar cells have been able to achieve certified photovoltaic conversion efficiencies
of 25. 7%, approaching the maximum certified efficiency of 26. 7% for crystalline silicon solar cells. It is well known
that the component engineering of the crystal structure of ABX; perovskite materials plays a key role in achieving effi-
cient and stable devices, especially the component engineering of the X-site halide anion, which has received much at-
tention from researchers in recent years. Recently, researchers have carried out several studies on the introduction of
pseudo-halide anions as doping components, precursor additives, thin film post-treatment materials, charge transport
materials, interfacial passivation, and modifiers for perovskite crystals, and the results demonstrate that pseudo-halide
ion modification is an important strategy to improve device efficiency and stability. This review provides a detailed com-
parison and summary of the various types of pseudo-halide ions currently available for use in perovskite solar cells and
provides an in-depth summary of the mechanisms and nature of their effects on perovskite crystal film morphology, pho-
tovoltaic properties, carrier migration properties, and device photovoltaic characteristics and stability. At the same
time, this paper also provides an outlook and analysis of the currently unexplored pseudo-halide ions to effectively con-

tribute to the enhancement of the photovoltaic properties of perovskite solar cells in future research.
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Fig.1 (a)Schematic diagram of a perovskite lattice unit with the chemical formula ABX;, where A is an organic(e.g., MA") or

metal cation(e.g., Cs"), B is a central cation(e.g., Pb™), and X is a halide anion(e.g., I"). (b)Molecular structures of

some common X-position pseudohalide ions.
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Fig.2 (a)SEM image of perovskite film containing 0.5 mol PbL,"". (b) SEM image of perovskite film containing 0.5 mol

PbAc,”™. (¢)The device structure of PeLED"™". (d), (e)Optical images that simulate changes under conditions of exces-

sive aggregation of colloidal particles”™ . (f) PLQY images of quasi-2D perovskite thin films with different FAOAc ratios

excited by a 365 nm UV lamp"™’.
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Fig.3 (a)Schematic illustration of the growth mechanism of perovskite crystals controlled by formate anions'
dynamics snapshot of the coordination between Pb* ions and HCOO™ anions in perovskite precursor solutions"™

matic representation of the interaction of Pbl, in MAFa and PblL, in DMF: DMSO solution"’

(b) Molecular
". (¢)Sche-
'. (d)Schematic diagram of the

structure of FAPbI;-type PSCs". (e)Surface and cross-sectional morphologies of RbHCOO and KHCOO perovskite films

: : [60]
were measured by scanning electron microscopy "".
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Experimental and computational XRD spectra of various forms of MA,Pb(SCN),L"™. (d), (e)SEM images of perovskite
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with different additive compositions™".

T PSCs i FE & = T FH A
Labram 2738 15 X XRD 3% (19 WF 58 & ¥ MA,Pb-
(SCN), L, # B8 7 [100] )7 [a) b H A7 4 5 1) (&
4(c) ), HfEWT i 2D 2k MA,Pb (SCN), 1, Y B [i] °F
1117 B b, XA R T 48 T 00 T 00 4% i S0OR -
2020 4F , Kim 257 % # — 2 PEA (1) »sSCNg 55) J2 Ik
S5 K AT DL b = A S R T A A B (IR 4 ()
(g)), il 2 1 PR 7 B 5 5 Al 05 Ak 4 /e £ BX K BH
AE FL W 19 PCE /&1 35 26. 7% 1 %% Pb(SCN), Fl
i SR IL(GASCN) LAt L6 Ry 12 IR A 78 1 9K AR 7%
Wb, IR R 5E 4 T SCN B i Ak 9 B B 1 1Y =
4 55 BK BB BE GAPD (SCN) ™', AT &5 Fa 5 1 i
AR F GAPH(SCN) 5 I AR W i & Z0FN Ti0,/

GAPb(SCN), I 1 /& B BF 25 % £ (DOS) , GAPb-
(SCN); 2 PSCs B PCEAU M 0. 11%

M T E R PSCs HA BRI B, A
WFE N BUK HOGHCEE T8 3L PSCs [ {H Sn™ 1) &)
e SA A Sn* R A A 3B 2%, T LA H A Sn 3E PSCs Ol
B P REAH S T Ph L PSCs b A — E MR . IEA
e, 32> Sn™ 1y A AL 2 Sn HE PSCs A58 1Y 1
Ko Kim 88712 [ T3 4 A TC 14 B2 w7 BH T — 4k
By SEAS R Sn™ 5 AU OB o ER DR SR
E (FASCN)E R B A, & B SCN /] LL 5 Sn™ (1)
25 L FHLE A, W Sn” &tk . I H SCN 5 %
B2 11 Sn KL A AL 7] SnF, 3 [R] VB F i Bt S Ak iR
B (K 4(h)) o SCN AR —Fh WL I )i R 2



55 4 3] Kruk, 4.

IO v 2R B B T R A A BT K BH A L vt v B 19 R T 5 0 585

Z2 R AE SR TR Iz A B T R R
1o A AE 1 PSCs o
3.4 TFA"
TFA & —F A HLIR , HOR I B2 B 3% A
3 M AMER R . — R, BT TFA”
) = 9 TR Fh AR R 1S R0 B B AT — 5 1Y P TR &L

N TEATA] LUFNEAR AN B 5 540 Cs™ MA[m] I
HEAESERE S AE SR 2, i Ak PR L 1 B
Jo AR . Qiu AR =R 2 R4 (CSTRA) P4
JG S PCE A E] T 22, 82% , 7EAHXT 12l 40%~
45% 123 PR TEAE 850 h 5, A B AR 4538
DAAERF29 91% MW IR B0 (K1 5(a) ) o

(
a) 1oy ' (b) [_.
I *—‘-f———,ﬁ— §___i . L—’E;‘
= =
8 0.8k -+ Control \*\{ B E
=7 --Cs-TFA  409%-~45% RH; RT — K o P
E 26.62° P 36.62° P ; A Trap %laW
Z o6 .. 2 TNM
£ - z Total
zc Control Cs-TFA 7 ota
0.4 ! ! g ! £ Ix10
0 200 400 00 800 a
t/h . - FPMA p?ssivated I;
(¢) Polar- thlOphOblC —4 -2 E O/ - 2 4
LH NH CF COO~ > [Pblg cHe C ,‘,\v\( DO nergyle
/ )\,‘ e N 0 CF \./\.. \('{_,/'t:
b ( O ; 5 % a.g
CH;N H Cl~ ,CO0, E aa
Precursor = ’ g Trap state —"n ﬂ ¢ %‘ f Ei‘
solutio — — <
g N
Tailored wetting Fewer nuclei  Large functionalized grains = W
z Total
7
g Ph,x10
. — TFA paslsivated Pb;
-4 -2 0 2 4
Energy/eV

1D
(200)

5 nm
| EE——

13 51 FPMA LK TFA &4 J5 19 DOS 81775 (o) & MA™HI TFA™ES 1 1 7R 7% I 771 75

EMIM*
5 (a) TG CsTFA A (4 25 1 76 K A2 B 40% ~45% (1) 25 S, HBE G A7 4% 850 h (19 PCE AR 467 5 (b)) P b Bl [ 78 K 48 1

5211 MAPBL 5 K 1 8 158 4 AL 2

Fe LA S R SR BT ()W T 0.5% [EMIM JTFA 780 7 #5549 HRTEM E{%77; (e) H ToF-SIMS 43 #7115 5|

B[ EMIM JTFA $5 4k 638 15 3D &, 78 7 EMIM HI F {5

SRR R P oA

Fig.5 (a)PCE changes of devices with and without CsTFA optimization stored in air at 40%—45% relative humidity in the dark

for 850 h'7*'. (b)DOS maps of the two defects in unmodified and modified with FPMA and TFA, respectively

7 (e)Sche-

matic illustration of grain boundary functionalization and grain boundary crystallization of MAPbI; perovskite films in-
duced by ionic liquid additives containing MA* and TFA™*, (d)HRTEM image of thin films with 0.5% [ EMIM ] TFA ad-
ditive'”. (e) 3D image of [EMIM]TFA perovskite film obtained from ToF-SIMS analysis, showing the distribution of

EMIM" and F~ signals in the perovskite layer'””
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Fig.6

(a) Targeting and controlling the frequency-dependent conductivity of perovskite devices'™. (b) Photoresponse of

CH;NH;Pbl; and CH;NH;PbI;_, (BF,), hybrid perovskites under AM1.5 illumination and zero bias'™". (¢) XRD patterns
of (001) and (012) planes™. (d)Structural diagram and cross-sectional SEM images of hole-free PSCs™. () Density of

trap states of devices with and without the addition of NH,BF,*. (f) Photoluminescence images of thin films with and

without the addition of [ BMIM | BF, under constantly applied bias(10 V)™, (g)3D map showing the “F signal distribu-

tion through the perovskite layer ™.
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Fig.7 (a)Crystal structures of BA,MI, and BA,M(BH,),(M=Ge, Sn, Ph)"™". (b) Defect formation energies of Sn”* vacancies in
MASnl;, MASnI,BH, and MASnI,AlH, perovskites™’. (¢) Schematic diagram of hydrogen bonding between BH,™ and
MA™,
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(a)Schematic diagram of the recrystallization process of perovskite thin films'
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5 (¢) CITPPPF, Hl

". (b)Schematic diagram of the formation

of perovskite film FAggsCso12Pbls_, (PF). 2. (¢)Schematic diagram of the structures of CITPPPF4 and BrTPPPF¢ . (d)
The energy level arrangement diagram of the modified device with CITPPPFg and BrTPPPF,™".
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Fig.9 (a)Interfacial energy level diagram of perovskite after adding [ BMIM ]BF,”. (b)Interfacial energy level diagram of Sn0,

and Sn0,-BMIMBF, perovskite ", Surface morphologies and cross-sectional SEM images of perovskite films on different

substrates: (¢), (f)FTO/TiO,/Perovskite. (d), (g) FTO/IL/Perovskite. (e), (h)FTO/TiOz/IL/PerovskiteLm.
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Fig.10  (a)Mott-Schottky plots of devices using LiTFSI(open circles, dashed lines) and Zn(TFSI),(closed circles, solid lines)
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SCLC curve after TBAPF treatment ", (e)Schematic diagram of energy levels derived from UPS spectra'®".
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