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Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) is the most successful conducting
polymer, which has been widely used in displays, transistors, various sensors and photovoltaics (PVs). It has high
optical transparency in the visible light range and low-temperature processing condition, making it one of the most
widely used polymer hole transport materials inverted perovskite solar cells (PSCs), because of its high optical
transparency in the visible light range and low-temperature processing condition. However, the stability of PSCs
based on pristine PEDOT:PSS is far from satisfactory, which is ascribed to the acidic and hygroscopic nature of
PEDOT:PSS, and property differences between PEDOT:PSS and perovskite materials, such as conductivity, work

function and surface morphology.

PEDOT:PSS inverted perovskite solar cells

| 1. Introduction

Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS, chemical structure is shown in Figure 1) is
the most successful conducting polymer, which has been widely used in displays, transistors, various sensors and
photovoltaics (PVs) WIEBIAIBIGI7IEIPIL0LL2]IS|14)15]I6]17] |t can be dispersed in water as well as some organic
solvents and conventional solution based coating methods can be used to fabricate high-quality PEDOT:PSS films
[18]I191  pPEDOT:PSS films are uniform and highly transparent in the visible range. The electrical conductivity of
PEDOT:PSS film can be adjusted within 1072 to 103 S/cm with certain synthetic conditions, the utilization of
different additives or post-treatment methods [20[211122][23][24][25][26][27][28]29][30[31][32][33][34][351[36]  Fyrthermore,
PEDOT:PSS is a low cost material with excellent thermal stability and high mechanical flexibility. Therefore, in

recent years, PEDOT:PSS is the most popular hole transport layer (HTL) used in inverted perovskite solar cells
(PSCs) [E7I28139],

https://encyclopedia.pub/entry/19306 1/15



PEDOT:PSS Layer and Perovskite Solar Cells | Encyclopedia.pub

OOOO

SO;H SO3H SOsH SO3

el . / \
{‘f { 7’4 i
0\_/0 \_/ (L/

\_/

w
=
—

PEDOT

Figure 1. Chemical structure of PEDOT:PSS. n: degree of polymerization, *: repeated structural units, +: positive

charge, *: negative charge.

Perovskite solar cells receive much attention as a next-generation solar technology for energy harvesting due to
their very impressive energy conversion efficiency with low fabrication cost AQALIA2]43]144][45]46][47][48][49][50](51][52](53]
(B4I[55][56][5 7][58][59[6Q[611[621(63][641[651(66]  power conversion efficiencies (PCE) of PSCs are increased from 3.8% in

2009 up to the current world record of 25.6% [67I[68] ' However, the serious long-term instability of PSCs limits their

commercialization. The stability of PSCs, especially under ambient ultraviolet radiation and humidity, is one of the
major drawbacks recently addressed by the photovoltaic scientific community. For PSCs devices, HTL is usually
indispensable for effectively blocking electrons and transporting holes. In addition, it affects the quality of the upper

perovskite layer which directly affects the efficiency and stability of the devices [69[7Q]

Most inverted PSCs using PEDOT:PSS as the HTL material due to the low temperature processability and simple
solution-process ability. Figure 2 shows the increment in the number of research papers published in recent years
on PSCs using PEDOT:PSS as the HTL. The increased research indicates that PEDOT:PSS is a promising HTL
material in PSCs. However, the use of PEDOT:PSS would affect the stability of cells due to its hygroscopic and
acidic nature . The acidic nature of PEDOT:PSS will corrode the ITO electrode. Moreover, the hygroscopic
nature of PEDOT:PSS results in moisture absorption from the environment which causes decomposition of the
perovskite absorber layer E2IE4I6SIEOIETIEEIEATONZLIZ2ISIIA  Some p-type inorganic materials, including CuSCN,

Cul and NiO, have been proposed as promising alternatives to PEDOT:PSS for enhancing the stability of PSCs [75]

877 However, the low conductivity of inorganic materials limits the performance of PSCs. Therefore, optimizing
the properties of the PEDOT:PSS HTL is crucial in fabricating PSCs with long-term stability. It has been shown that
optimization of the PEDOT:PSS HTL layer, such as the pH value, hydrophilicity, work function, surface morphology
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and electrical conductivity of PEDOT:PSS can improve PCE and stability of PSCs [Z8I[Z91[80][81][82][83][84][85][86](87][88]
[891[90][21][92][93][94][95][96][97][28][99][100][101]{102][103][104][105][106][107][108]
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Figure 2. Number of articles published per year on PSCs using PEDOT:PSS [209],

2. Methods to Improve the PSCs Stability by Tailoring
PEDOT:PSS HTL

Many efforts have been made to the modification of the PEDOT:PSS layer for improving the long-term stability of
PSCs [Z8I[79][80][81][82][83](84][85](86] 87][88][89][90](91][92][93][94][95][96][97][98][99][100][201][102] ' Taple 1 lists the PCE and long-

term stability of PSCs adopting PEDOT:PSS as HTL in previous research work. Generally, modification methods
can be classified into three types: doping [61I[Z8][791[80][81][82][83][84](85][86](87][88][89)[90I[91][921[93][94] ' host-treatment (62125

(961971 and using bilayer [98IRAMIO0N101]102]  Fyrthermore, there are some other methods reported to modify the
properties of PEDOT:PSS for improving the device stability, such as, using other dopants to replace PSS 581103
and developing new processing methods of PEDOT:PSS film [£04I[105]

Table 1. The long-term stability of PSCs with PEDOT:PSS as HTL.

Method Materials Perovskite Materials PCE (%) Stability Ref.
Dopin 75% for 14 days, 20%
ping Imidazole MAPbI, 15.7% __y (8]
humidity
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Method Materials Perovskite Materials PCE (%) Stability Ref.
CuSCN /NH
° MAPDI3 15.3% 71% for 175 h (]
(ag)
Ammonia MAPDbI3.xCly 13.38% 90% for 30 days in N2 (89]
97% for 10 days, 35%
Urea MAPbI3 18.8% Y 1]

humidity

90% for 45 days in N, 80%
metal oxides MAPDI3 19.64% Y ) 2 &2
for 20 days in air

Dopamine MAPDI3 16.4% 85.4% for 28 days &3l
F4-TCNQ MAPbIzCly 17.22%  75% for 150 h, 40% humidity &I
DMSO MAPDbI3 16.7% 83% for 590 h (85]

86.6% for 500 h, 30-50%

Nafion MAPbI3 16.72% o (6]
humidity
graphene flakes MAPDI3 4% Stable for one weak 7]
PSSNa MAPDI3 15.56% >85% for 60 days in N, (88]
PFI FA0.6MAo 4SnosPboals  15.85% Stable for 300 s 19
Triton X-100 MAPDI3 16.23% 80% for 500 h 0]
[91]
CTAB MAPDI3 12.53% 75% for 30 days, 20—40%
humidity
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Method Materials Perovskite Materials PCE (%) Stability Ref.
SBS MAg gFAg 2Pbl,Cly 19.41% 90% for 20 days [92]
o 85% for 35 days, 60%
EMIC ionic o o
o MAPDI; 20.06% humidity, 87% after 80 °C for 93]
iqui
E 24 h
Zn MAPDI; 13.2% 91% for 168 h [24]
78.17% for 120 h, 50% 61
RbCI MAg 7FA3Pb(lo.9Bro)s  18.3% » I
humidity
83.5% for 39 days, 15%
GO MAPbI, 15.34% - / (28]
humidity
WOx doped, EG o
Post MAPDI3Cl3 12.69% thermal stable at 250 °C (6]
OSL= treated
Treatment
EG and MeOH MAPDI; 18.18% 65% for 350 h, 45% humidity [o7]
Water MAPDbI5_Cl, 18.0% 50% for 240 h in air [62]
Bilayer V,0s MAPbI 15% 95% for 18 days (28]
77% for 15 days, 40%
VO, MAPbI, 14.22% _ _y (29
humidity
70% for 20 days, 30+5%
NPB MAPbI3 18.4% _ y [100]
humidity
SIGO MAPDI3 16.01% 85% for 30 days 104

skin-like

Z. LlIao, L.4.; Znang, ivi.; NIu, L.Y.; Zneng, £.J.; yan, . Aignly seiecuve ana sensiuve giucose
sensors based on organic electrochemical transistors with graphene-modified gate electrodes. J.
Mater. Chem. B 2013, 1, 3820—3829.
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Method Materials Perovskite Materials PCE (%) Stability Ref.
2015,
MI FA02MAogPblsxCly ~ 20.68%  80% for 600 h, 50% humidity 202
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toward wearable health monitoring. Adv. Mater. Technol. 2018, 3, 1700322.

Ia.3ar0th>er Methods tolmprove.the RSGs: Stability. by lailering
E{EBQ)-IE:H&&tLaMQBdeS using a novel dipping-embedded transfer method for high-

performance wearable sensors and semitransparent organic solar cells. Adv. Electron. Mater.
Ma@f)lgith%r f@a)edigﬁive technigues have been developed to improve the device stability using various

approaches. Since the aforementioned drawbacks of PEDOT:PSS are almost all related to PSS, some groups
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reduced acidity with pH value at around 6 and significantly improved conductivity of 3.12 S/cm. The PEDOT:SAF-
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10. Yang, H.; Qi, D.; Liu, Z.; Chandran, B.K.; Wang, T.; Yu, J.; Chen, X. Soft thermal sensor with
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