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Fig. 1. (a) UV-Vis-NIR transmission spectra of undoped
and LiSCN doped CuSCN films with different volume ra-
tios; (b) Tauc curves based on UV-Vis spectra; (c) calcu-
lated Urbach energy.
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Fig. 2. V-1, transfer curves of TFT devices of CuSCN film
before and after lithium doping and schematic diagram of
typical bottom-gate and top-contact TFT based on CuSCN.
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Table 1. ppp and Vj;, of CuSCN films doped with

or without Li.
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Fig. 3. (a) Steady state PL spectra and (b) TRPL spectra of perovskite films on CuSCN with different LiSCN doping ratio.
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Table 2.  TRPL fitting results of perovskite films fabricated on CuSCN with different LiSCN doping ratio.
71/0s A/ (Ai+A49) /% /08 Ag/ (A1 +49) /% Tave/ 1S
Control 20.02 0.80 295.88 99.20 293.67
0.1%LiSCN+CuSCN 16.44 1.58 179.74 98.42 177.16
0.5%LiSCN+CuSCN 21.98 2.29 159.29 97.71 156.15
1%LiSCN+CuSCN 19.21 2.29 170.87 97.71 167.51

& 4
B XRD B
Fig. 4. (a), (b) SEM images of perovskite film surface on CuSCN film (a) without modification and (b) with PTAA modification;
(c) XRD patterns of perovskite films on CuSCN films without modification and after PTAA modification.

FAVA 12.89%, THIRIAFE— BRI, AT
SIFTIE, X CuSCON Iy 856k 1) SR P 4 S 45
AR REIEAT RGEVEAN . & 4(a) FIE 4(c) 43145 H
T CuSCN |5 A58k Ay b J 114 2 Th 41 4 v 7 .4
BE (SEM) BRI X A (XRD) EliE. MEl 4(a)
ALV H, CuSCN L7 858k MRS ki 2/, H
WP AEAEALIN , OB 30T AL ™ AR
TE G VIR A 1819, 3@ i XRD A LA
ZEF U] Y Py 7 5 e, i 0 09F 5% 3R B 5 1Y
Pbl, 5% B AT LB Ak RS o A7 7 1 S o a2 177 4t v
PEPERE; SR P, 5% BOE 7R A5 5K P 5 1

(c) —— PTAA modification

| .

—— Control

1 T

10 15 20 25 30 35 40 45 50 55
26/(%)

Intensity/arb. units

(a) TLIEMGEF (b) PTAA &M f5 CuSCN K I /Y 856k LR 111 SEM & (c) LM Hl PTAA & 1fiJ5 CuSCN i /955

B AR B T A L . TR 5k 4x PhI, Ot
R i i R AE A5 BRAT A BB IE B PHO TR RESL B 5
BT HE R AR S

SCN AR R R BIE T5 K R B T HATHI
BRI S P PO B H R DL T, R AESBR
)2, AT A P2 ] i A ELAR TR A 1 55
BRA B 0. A TARR M 26 T 24E CuSCN
ET7 A RSB, A CuSCN Al g4 Pbl,
R AR EAE T, I P, i 45 R it i =
SR, BETTTE B EOE T PI, W2, 08
TS 39 PoI, S HLER 18] A4 1 B e

217801-4


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. 21 (2022) 217801

BTt S ER R I AR K, I RS ERET IR it it
RS 5 RN Poly 5688 R T UESE R ML
fiff e bl T R B 7 TET RN, 7E CuSCN LBl AT
PTAA FHMEMZ R WNE 5 FR, B 5(a) Hasft
ghikty, 1 5(b) Mfe K. fEASCH PTAA &
MR )2 R EE R 5 mg/mlL, R ] A FE R R
4000 r/min, PTAA &2k CuSCN 5 Pbl, 2
6] B AL AE . i 4(b) FizR, PTAA B2
5 AMETE TSR ok AR FLERRT O B0
I H A E 4(c) "TLLA W, PTAA G450 WAL T
Pbl, [R5 165,

TEME IR F, R 0.5% $#84%4 CuSCN 1k
Jyas AR, It PTAA B4 5 W X 454k 5
KIFHHE MM REHE T RGN, Kl 6(a) a4 iy
A VI, SRR B E T & 16.26%, HRI
NG -V IE AR AR AR Y S B TR
X (EQE) i& & 6(b) iR, #f47E 300—800 nm
1) B T 31 ] PN 2 B0 HH e i e 7, (IS 400—

(b) 1
(a)
Au

Perovskite

Energy/eV

Bl 5

L ITO

5| AT PTAA RIEABMIZWER1FH (a) 25 EF (b)

750 nm [958 ] PN i 2 A5k S 30 HL B 42 5 50
80%, & BH 4 7E M 58 i i Bl AR i 7 B
A BCR S . th EQE B A5 R0 HL I A
22.6 mA /em?, WAK T J- V £ BT 15 6 L I, 3X
AP F AR R A IR 25 5.

W — 2 X R BT AT K B, PTAA &
W i g 11 B2 1) A 5 L A 3 T B S A R,
K 7(a) fin. X EZIHEFET PTAA BHi5, % H.
SO AR R %) S BRI ) T P R R e
HWREE. WE 7(b) Fis, FIH Spiro-OMeTAD
il B BRL A5 5 AL i A7 I 3 Ao 2 0] e g B o PR
(SCLC) M3 & 3 224, 5] A PTAA i A] A7 34 FEAIK
BREA ST, X 2R PTAA 1951 A AT 38 i3 BH Wr
CuSCN 5 Pbl, [H] % 5% 1) AH B 1E F R A #F 85 ek
FioRL AR SE AT S8R T A S T R T
B E SRR T C- VIR AL, PTAA &ifiif
AR L, AniE] 7(c) Fim, XA
FITF A B 1 43 B BRI, TR 7 4 v 24

Z <
s
. E [a Au
gy B £ 3
—7.0
e 4 4]

Fig. 5. (a) Structure diagram and (b) band structure diagram of the device with PTAA modification.
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Fig. 6. Typical (a) J-V curves, (b) corresponding EQE spectrum and integrated current of solar cells.
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Fig. 7. Typical (a) dark state J-V curves, (b) SCLC curves, and (¢) Mott-Schottky curves of device with and without PTAA modi-

fication.
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Abstract

Perovskite solar cells have attracted extensive attention because of their photoelectric characteristics. Since
2009, the photoelectric conversion rate of the solar cells has soared from 3.8% to 25.7%. Perovskite material has
become a focus of extensive academic research due to its advantages of high carrier mobility, low exciton
binding energy, wide absorption spectrum and high optical absorption coefficient. However, organic P-type
semiconductor material is usually used as a hole transport layer in high efficiency perovskite solar cells, for
example, Spiro-OMeTAD, PEDOT:PSS, and PTAA. Because Spiro-OMeTAD is difficult to purify, many hole
transport materials containing triphenylamine like Spiro-OMeTAD have been synthesized, such as
triphenylamine polymer PTAA. As the conjugate parts of these triphenylamine transport materials are not
coplanar and the space is distorted, they cannot form ordered stacks by spin-coating method, so their charge
properties are weak, and li-TFSI and tBP are often added to improve the hole transport, so as to achieve better
device effects. Moreover, the PTAA has the problem of infiltration, and it is difficult to form a completely
covered perovskite film on it, which seriously affects the quality and surface morphology of perovskite film. The
PEDOT:PSS itself has an acidic and corrosive electrode, and is easy to absorb moisture, which will affect the
stability of the solar cell. The performance of organic material will deteriorate seriously under environmental
factors such as humidity, temperature and UV irradiation, which will accelerate the aging of perovskite solar
cells and become one of the main obstacles to their practical applications. In this work, the inorganic cuprous
thiocyanate (CuSCN) is used as a hole transport material, the CuSCN is a rich and stable P-type semiconductor
material, which has the characteristics of abundance, low cost, high carrier mobility, appropriate energy level,
low defect density, good thermal stability, and excellent light transmittance. The CuSCN is one of the few
known compounds with both high optical transparency (its wide band gap is 3.7-3.9 eV) and significant P-type
electrical conductivity. Most importantly, CuSCN is inexpensive and can be prepared by solution method at
room temperature. And its hole transport properties are improved by lithium doping. On this basis, the surface
of CuSCN is modified with PTAA to avoid the interaction between CuSCN and lead iodide (Pbl,), and the
large-grained and dense perovskite films are prepared. Finally, the performance of perovskite solar cells is
effectively improved. This work provides a reference for the preparation of the stable and efficient perovskite
solar cells.

Keywords: perovskite solar cells, hole transport layer, cuprous thiocyanate, Li-doping
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