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KA T ¥ W i 45 1) CsPbIBry 865 SR 0™ 7 5 A7 78 v AT o5 39 A0 | 235 B8 2 R Ik B AN AR 0 1k 55 1) A
R, ARSCHE T —Fp SUEAAR (SR #EAE (L-o-phosphatidylcholine, LP) Fl&f U H2 8 (NH,SCN)) SR W, 7T 76 AH %
TR T 60% B9 RSIREE R, FF U vk il 45 o 45 B i | 4 A E M A Bk . X 2 h T U W AR RE
1 A 2500 A AR A Bk 4 T RS 95 94 1) 6 1T 5K 7, 42 5 CsPBIBry 55 8K H™ Wi I (9 78 35 %, I 16 CsPbIBr, 458k 7 it
FEAEIE B — 2 2 K SRR 2 (EL ]I 23 el N AR R S T B B 0 L s Ik 0 A AR, 1 NHL,SCN
RE A% 7 IR O W N8 ) N R, B DR R RS, 48 e 5 Bk R B R SR ORI 4% HE 9 SR 35 CsPhIBr, £58k
WG HL R &% (ITO/CsPblIBry/Aw) E A RIS HL % B (2% 101 mA-cm 2). SRS G (4 R 157 155 8] (20, 21 ps)
SRS E M (TEA X BE Ry 40%—60% By KRBT, 47 70 KI5, V3REOR 45 5O I H I W0 46 (B 81%)
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BAE R IE B AR (0 45 R, AT A o
TSR A IE SR, BN, Zhang 25 1 R IR Z,
I % (polyethyleneimine, PEI) TE &/ IHE L
3 CsPblIBr, 12 A AV 55 %, Blifb 3R
B b, AR R AR T B R R (1.28 V).
Zhang % L AE R AAREE T A HER & ZFE (polye-
thylene glycol, PEG) ¥ CsPbIBr, j# I 4 1) 15
HLTAIRZE 2.03 x 109 A. 2019 4F, Ou %5 B 45 H
FENHETRH TG (polymethyl methacrylate, PMMA)
VERTCAAEE T CsPbBry MR S0 FIRL M,
FESSE T BRI RE IR (105 A) FIECAT 1 34
BifasEte (FEARHEEE R 25%(25% RH) A9 KSR
BF BEAE 40 K, BIRFERIIRE ) 80%). ¥
S AR e [R) AR BT () i L VRIS L AR R
28 ) A vl ] L 2L B RN 5 A AR KA R, AT
SN A5 K Y BT . Zhang 25 18 FER SR T
FIF 2Bt (diethyl ether, DE) 1 Ay i i 7 il £ %%
THFEE1Y) CsPbIBry i, gAMLt 2 2 x
109 A. AN, BIRE: (NH,SCN) Bk b2l 4
o O R B R VAR T R L AR R} 22281 o
FHR BT 1T A WU RSBk b A 1) sz, 454k
A 1) R RS DR DK 8031) dl 3 388 K B ROK 91
). R, Wang 55 P FE RS IS I FZ M
254 TEHLES AR CsPbBry 5 5 1A 114 A= 4 3 B
SN VA N W = DI 2 G RSN S R S SR
i, SEARPERE A AR TE. Liu 25 25 75 RS IR T A
FHAZ A R 25 WK o R ST R Bl b 2% B Y
MAPDI, .

BEER AT MR A e M R g I R Y 5 —
KHENZE. PEIRGE, F5ERA Ao R B T 2 1
A S R L B sl AR ), Sk R (201,
T — 275 HLECAR AT DAYE SR b I 1B mii 7 35 )2
DI — 264 o (BIanK o +) My, W
2 15 B A 2R TR AR ) A ES BRI N AR R
. 2018 4, Deng 55 7 FI FH WO MR T 7% P 751 (B9
W58 (L-a-phosphatidylcholine, LP) 1 & Bt & #4
BE, 0 E U AR TS A, NS ek S
JU% )22 A R 4] IS R G B 7, (o MAPDL v 2518
JRBL 20% DA RO R AR, RO IRk
TEFG R IR R I T K 2, (a7 A Ak
H G EE 20 KIG A A K A B W CR R0 Du 45 12
IR T AR AR 1) &8 7, A5G4S
R4 R S 5 T DA RO AR R, I 7T R

BUBT B 7K 2. ik, % AT BAF &R (thiourea,
TA) 4> F FEE F 2 A EAEN, T
CsPbIBr, 1) 2 P S AR E M, SRR
A I 2 T K P DL P S H R R E M (T
10%RH A RSIREE T | 56 KIn, PILRTERY 82.8%).
B HETM 1k, 555 CsPbIBr, M 1 Hl & FIFE %
3R R PR T RBARIR R (10% RH) AR A
%,{%T}ﬁﬁlﬁ IIFI [11.12,18]‘

h T RSB R B A KRB [ e k3
FAEFAFE R 8, AT TS| AZA
5k T B A HO5R AN HAE A MLEC A 4y
T —J7 IR B TR AL RE T IR A5 ke
A, BEOR ERL R B2 55— D7 TR ES BRA B 4
T /K RS2, R G) B A AR B AHAR, IR
B2 o A PR G FE 2 R e v 127, R, R TRl —
FIRUECARERE (BRWENE (LP) AR IR (NH,SCN))
B AE K R SRS . E AN E T 60% RH 1Y
KT, FIHBERTE G4 CsPbIBry AR I
TG g b, Hod, LP T RS 8k
FTARA AR R THI 5K 7, B 5 R A A G 1) 2 5 2 F
FHER AR N FE RS E P ; NH,SCN H T il —
Sy N Y ST AN R A B X B S S | o
A, PEREER BRI A i HL 2E PR RE. OB, 7E 40%—
60% RH KA T, KEZEM CsPbIBr, 5%k
WOGHIRIM S (ITO/CsPbIBry/Au) /s AR
BRI (104 mA-cm?) , (ORPZR 5 B w10 B 1]
(20, 21 ps) LA RBGF I R AR E T (T 40%—60%
RH W RAAIE T .70 Ka, WIRIER 81%). 15
TAE RAE RAFREE T il & s vk ge . KA E W
CsPbIBr, JGHLRIM gt | — oA R0 iR A2,

2 SLEGER A

S AR JER R EALHG LR A2 i )
1b4s (CsI, 98%), TRAL4T (PbBry, 98%), B FUR AR
(NH,SCN, 99.99%), BR#EAE (LP, 98%), — H HE .
W (DMSO, 99.9%), N, N-—-H 5§ ft iz (DMF,
99.9%). i i S s R AR, et —2
alifk.

FEERH AT IR R AR AN = T 60% RH A9 KA
FREE RIS 5 15 1.90845 g 11 PbBr, #11.34964 g
) CsI % #E 7.7 mL ) DMSO ¥ 7, Fin A%
i DMF 7£ 75 C it & L, HER 500

116801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 11 (2022) 116801

it M VB I 1B DAV TR, A CsPbIBr, HISRIARTR &1
W ME, BB (R0 0%, 5%,
10%, 20%) [ LP ZEEF T (10 mg/mL) 43 5IANA
&1 CsPbIBr, BIAKIATR AW 1, suahidts
14 CsPbIBr, BAK AR G 1T 5 55w BOA [R] vk
J i) NH,SCN(0, 5, 10, 20 mol/L) 435 A 55 i
CsPbIBr, RUIRMAIR AW T AT, Feordidl)a, 18
3 CsPbIBr, HIAKATE AR AV

CsPbIBr, R F] M TR L5 A =T
60% RH HURSIREE T il&m). el a il (ITO)
SRR AE 258 FK L INEAIIC K B =
TR, BUH G BT, FF T8N R A
15 min. FTARATR G RBTR 2IINHGRE A 160 C
() S B 38 I 1%, CsPbIBr, Wil b T 153 5 it
I ICRIR CsPbIBry W, MR 45 o 5 75 A T
FEIR K (1 °C/min). fe)F, 3T 1.0 x 107 Pa /Y&
A5, TER R W EZ88% 80 nm R4
(Au) LB, % 1 & F 254824 TTO/CsPbIBry/Au
GRS, A ROH A 0.00785 cm?.

KM Hitachi SU8020 ML W% (SEM)

1 pm

0% 5%

1 pm

WIS AR E AR SR T A SR A & v 4k R iR
PRub LAY 7I-E- 4 Dimension Edge A9 /1 i
Bi (AFM) W 58K I 3R TRURE 2. >R AR 44
BN A X Pert Pro B X HHEATHHMY (XRD) 1%
I KA R I AR AR A X Cu 1Y
Ko 2k (Mg, = 1.54056 A, 1 A = 10 m). R
TU-1901 BIBE AL Sh-1] UL A6 BT - 5 6k
W TR 27 PR ORI, SR A SE 0 % A A THE
A6 FL A N 2 R S8 (OGRS 266 nm,
T 15 mW) Wl 55k G BUL o (PL). £
405 nm PO, I A F 2 g %) R O % R - F R
(J- V) i Rt feag e 1z i 2.

3 #X5it®m

WK1 s, SIS R &%) LP F1 NH,SCN
Be Al 4 #9 CsPbIBr, IS L ISR H SEM .

Bl 1(a) AEINARTRS & LP(IRFLEE 25104 0,
5%, 10%, 20%) Y CsPbIBr, 8 [k 5 1 12 45 18] . AT
DL Uit HOW 22 2], A BN LP (1 CsPbIBro i i

1 pm 1 pm

10% 20%

1 pm

0.05 mol/L 0.1 mol/L

0.1 mol/L

0.05 mol/L

1 pm

0.2 mol/L

0.3 mol/L

1 pm

" —

1 pm

0.2 mol/L 0.3 mol/L

B L NS [ B B 9 R C AR REA CsPDIBry WA SEM B SE  (a) WIS R AL B9 LP Bifd; (b) %0 R [R5 19
NH,SCN BLiA; (c) [EE LP B FRIR BE S 10%, 30 NH,SCN ALk vk B

Fig. 1. Top-view SEM images of CsPbIBr, film with two ligands at different concentrations: (a) Adding different volume ratios of
LP ligands; (b) adding different concentrations of NH,SCN ligands; (c) fix the LP ligand volume concentration to 10%, add the

NH,SCN ligand concentration.
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Shin a2 | AR RS/ AR AR R LR, X
B H T Y78 S Bt e ) S A R AR
(i) 114 555 4 B A FH DA R B B0 i SR AR V5 VR e IS 2
V) 9 i A 2 T ) 12, 30y S 0™ B A U P
e A A, WM FEARER AP fE. LP 1 —Fl
PIPEFR TG PSR, JE A i K A R Tl s ek
W HT SR AV AN JES =2 (R I T, R AIG ATk AR i
W )T K Ty, B R A KA IR A A IS Y A 5
Rl 5 LP (0K & B WS 5k i gk 44
VR 18] R A A 25 ) TR AR ) 78k
WD IR TE B I ME PR, BT B LP A
Hom, WA EDEHE O LAY CsPbIBrof% ek i
Ji. X FEBH LP J&ARAR 00 5 B T RS 1 119 O it
£, (HFIE &I LP 2 W 0 NS B AR
i RE, X5 Lu % 060 f1 Wang 45 17 W82 21 i B
GARRL 0T Sy T BRI — [A) E, AT DLt 4 K
AL RO B NH,SCN 5| AFSERH™ AL Q& 1(b)
Jr7R, #% NH,SCN S i 85 EK 4™ 17 9K AR 75 W 5 et
JREZ AR PG I, AR T o HURS AR
FLAR . > 30 7 o AR o ek 4 — 2 19 L A7) 2 [ % o
T CsPbIBr, #54k FI SRRV R ET, E5EK0 AR 1Y
&1 B 15 R M AR RT A B s . il 1(c)
Jii7m, [ LP AEES R0 AT IR AR W h AR R L oy
10%, i hn NH,SCN & & & . 24 NH,SCN 7
BTSRRI T o8& 4 0.2 mol /L i}, Al L7153
FET-3E H b RS I8 H I Bk . fe 2, i
AR BAERPER PO ALRE S A P 5T RIS T
fAIECiAA Control 4H; WAMARLL A 10% ) LP
L1 4; %01 0.2 mol/L A9 NH,SCN & L2 41; [A]A}
TRIMAFRE A 10% B9 LP #10.2 mol /L #J NH,SCN
i L1+L2 ). DUAIFE SR ETES AFM W& 2

JITR, ZRIHIRERE (RMS) 435114 45, 23, 47 F126 nm,
RS 1 RA

L2 RMS: 47 nm

L14+L2 RMS: 26 nm

P2 & A [ B2 i 7 R AR B4 Y CsPbIBry W5 Y
AFM BRI
Fig. 2. AFM images of CsPblBr, film with two ligands at

different concentrations.

R T CsPbIBry v B i) AH 45 14 A1k 27 i
g%, #4717 XRD F1 XPS M. 404 3(a) XRD K&
TP, DU T 3 A~ AT, 117
S 4 B AE 15.08°, 21.51°F1 30.39°, XF i o A
CsPbIBr, 4 (100), (110) F1 (200) & i 1629, Horr,
Control 21 F1 L2 2 i BEAE 13.14° AT 53 A 8w
(101) Ay &b T, 3 ¢ W W AL o A0 235 A B A0 P
22 1930 S Z5 18]t AR S SE ) (R tE— 25 E B, A ER
AT BT 08 % 28] 3 G 2H R i R T 0 KR 5 T L1+
L2 4 b A 2 SR B HE 5 19 (100) T B —
By . SR T Hh R EC (AR R [ A8 U PR R
B BAF A LT, 3O TSR AT IR A
TR R I 5% BA AE S AR RS N 1) A L0 X 5 K
R v A

a b

“ P O O N
£ g & A\
; M
=] < O M L1
S b
£ A ) J b .
~ —~ —~ —~ —~ 0 oo =l » g "M
> — <) =) S g g Yo o, u I L o,
5 o =} — =} L R S V| — o — O
‘@ Z Z o o w M z o o
: ) w L2
- ) ! J\

| [ L2
10 15 20 25 30 35 0 200 400 600 800 398

Diffraction angle/(°)

A 3

A IR EC AR Y CsPbIBr, M B9 XRD 1 XPS &l

Binding energy/eV

(a) XRD; (b) XPS

Fig. 3. XRD and XPS patterns of CsPbIBr, thin films containing two ligand materials: (a) XRD; (b) XPS.
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AT i€ CsPblBry #4503 b il o3
1) A5 Ak B T o 4 )Xo TR 1 2 ), R AT T
XPS fa. anfE 3(b) Fras, DU 45T E
) XPS 4. it xf C 1s WAL IE, W] LLE H,
FEDPULHEE AR P T DL Br L& A4 & REIEA L
PR3 SR, A LT Control ZHE AR, Hfth =
7E 398 eV FHEHHIL T —4 N 1s ByRFHhng. X
F TR K5 LP 5% (F1)NH,SCN 1344 5% B8 7F
CsPbIBr, #fEH.

CsPbIBr, #iE G2 BRRDE S ARl i
AT WL SOEIE A PL 3SR TS0, Qi 4 fr
7R, L1 ZHAN L1412 2 A I Wi B A1 PL 5
BE) T RERREE. X R R LGSR HERS R
AR, 3T e HAR S A 4G R ) 2R
TS AT 5. DUZHAE i Gl B E, il i Tauc
TG SCIR IS R AL o 153

(ahv)? oc (hv — Ey). (1)
FIHZRAE R A 5 3] A R A A AR X 17 25 4 A
e B AT LR DU ARE B 5 G2 B4 ok
2.10, 2.09, 2.10 F1 2.09 V. Hrfr, L1 41 L1+L2
2 T BRI T AL R4, 33X M5 L RE A
KAgaEFE N rEF.

Z IR TAL K AL Bk 5808 FEfZEZ
(i) 52 22 1y % T 2 Ak ™ EE B 1) T TCAILES Bk PR
HL 2 PR R RIS M ). AR SO 48 T B SRR
F Fl 25 /AL B )2 19 CsPbIBr, 18 JE Ot B 45 0 2%
(Au/CsPbIBr,/ITO) Jf-#F 5 HAE R THEE P i ey
“EPERE (1 5). 18 5(a) FE R T VU 4 39 1 ) 2 1 435
PR 2548 PARPECAAR Y5 | A RS AL (4) fole 2
JE, AR 25 X o BRI, e A
PERE. & 5(b) NTERE L A& F LA I 405 nm HOE T

By J-V 2 . DU 2R Y I RO R 43 S R
101, 8 x 103, 8 x 103 H12 x 10* mA-cm 2 {H
REE N, AR HBREMR) CsPbIBr, HELE
405 nm HOCHEST N L BA WL, 1 L1+L2 48%
I K A Control 4019 50 £%. X & B H P A iC
A [ 4 i P 5 AR A SR R EL A I ) B8 4% R
BAFAY SRR, T4 T RS RE.

M o st ) A2 DA R0 P B 1) S B S 4
— R T PTAR G R A A M N R AR SIS T
PRI SO G, QA 5(c) B, BAER I (L1+
L2 ) B9 ETF (t,,) FUFBE (tog) BTE], BRI 2S5
FAEIARRASAE A 90% AR R 2] 10% B AR a].
L1+L2 25 0FH TR R BEmHE] 235108 20 ps
21 ps. XERF HERZ CHGE RS . —Jofk s
Py 2f- S A At TC AL R ' H RN 5 3.0.31-401,
0B ] 7 = U PR A 0 LA 3 B RTC A,
FHH B AN EC AR BHIL[RME MY CsPbIBry #5448
MR BB E R B, 2 F T e i H i p
SEMOBL L1+L2 & sh &8 (Rp) A1
MIRR (R) ko5

Rip =201g(1,/14), (2)
_ Ip —Iq
R = PA (3)

H L, Iy, Py, AS35RICHE, B, ASHE
DR AA R AL 76 405 nm BOCEA T, LIhFE
TE 1 pW-—20 mW PN AT, L1412 415 f K i iy
R =10 mA-W !, Z{EBEE TR A HE It
b IRl IZZH SR R 2 MRS SIS T2y 86 dB. 4N
Bl 5(c) i, &Gl Al Toc Pr, HALG T+
(n = 0.72) NIRRT HAR(E 1, XERE S
PR AT AETE — L f B (11,

(a) (b)

Intensity/arb. units

(©) (@) /

2.0 2.2 2.0 2.2

2.0 2.2 2.0 2.2

Energy/eV

K4 HFHPAEAR CsPbIBry ML PL G FILE b -AT WO %

(c) L2, E, = 2.1 eV; (d) L1412, E, = 2.09 eV

(a) Control, E, = 2.1 ¢V; (b) L1, E, = 2.09 eV;

Fig. 4. Steady-state PL and UV-Vis absorption spectra of CsPbIBr, film with two ligands: (a) Control, E, = 2.1 eV; (b) L1, E, =

2.09 eV; (c) L2, E, = 2.1 eV; (d) L1+L2, E, = 2.09 eV.
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Fig. 5. (a) Device structure and band diagram of Au/CsPbIBr,/ITO detector; (b) J-V characteristics of the film with different li-
gands-based photodetector under dark and 405 nm laser conditions; (c) the time response of the L1+ L2 group of devices at 50 Hz,

and the relationship between the line photocurrent and responsivity of the devices with incident light power.
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Fig. 6. (a) The changes of morphology of CsPbIBr, film with two ligands with time; (b) stability tests of the CsPbIBr, film with

two ligands-based photodetectors stored in ambient air.
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Air-stable CsPbIBr, photodetector via dual-ligand-assisted
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Abstract

The CsPbIBr, perovskite films deposited from the precursor solutions in air, usually suffer poor surface
coverage and air-stability due to the uncontrolled nucleation and the existence of I during the film formation,
resulting in terrible photoelectric characteristics and reproducibility. At present, the high-quality CsPbIBr, films
are prepared under nitrogen atmosphere, which results in the increase of the cost and thus impedes their
applications in air. Here in this work, we propose a strategy for growing the perovskite films with low defect
density and better stability in air via dual-ligand-assisted (ligand 1 (LP) and ligand 2 (NH,SCN)) solution
strategy. These ligands contain some organic molecules which have strong interaction with ions on the surface
of perovskite thin film in order to regulate the addition of precursor ions onto the films. The high-quality
CsPbIBr, thin films are prepared in air with relative humidity of <60% by the spraying method. The results
indicate that ligand 1 with hydrophilic group and hydrophobic group, a kind of surfactant, can effectively
reduce the surface tension of perovskite precursor solution, improve the coverage of CsPblIBr, perovskite film,
and form a block layer of water and oxygen. However, the addition of ligand 1 in precursor solution inevitably
introduces many grain boundaries, which is unfavorable for carrier transport and collection. Thus, ligand 2 is
employed to control the nucleation of perovskite film as another ligand, resulting in reducing the point defect
formation. Their combination is beneficial to forming the uniform perovskite film with large-size crystal and
low-density defect. The high-quality crystallization of the perovskite film is found to simultaneously enhance the
response and the durability of photodetectors. Thus, the unpackaged photodetectors (ITO/CsPbIBr,/Au) based
on this strategy yield the outstanding photoelectric response under the excitation of 405 nm laser. This device
exhibits a low dark current density of 2 x 10* mA/cm?, a fast response time of 20-21 us, and high stability
(81%, =70 d) in air with a relative humidity of 40%—60%. Hence, this study provides a simple method to
prepare high-quality CsPbIBr, perovskite thin films with low-density defect and realize air-stable and charge-

transport-layer-free CsPbIBr, photodetectors for practical applications in photoelectric detection field.

Keywords: dual ligand strategy, inorganic perovskite material, photodetector
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