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ABSTRACT: The power conversion efficiency of perovskite solar cells has remarkably increased from 3.81% to 22.1% in the past 6 years.
Perovskite solar cells, which are based on the perovskite crystal structure, are fabricated using organic-inorganic hybrid materials. The
advantages of these solar cells are their low cost and simple fabrication procedure. Also, they have a band gap of about 1.6 eV and
effectively absorb light in the visible region. For the commercialization of perovskite solar cells in the field of photovoltaics, the issue of
their long term stability cannot be overlooked. Although the development of perovskite solar cells is unprecedented, their main drawback
is the degradation of the perovskite structure by moisture. This degradation is accelerated by exposure to UV light, temperature, and
external bias. This paper reviews the aforesaid reasons for perovskite solar cell degradation. We also discuss the research directions that
can lead to the development of perovskite solar cells with high stability.
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Nomenclature FF : fill factor
XRD : X-ray diffraction
Jo : short-circuit current density, mA/cm’ IEC : interne?ti(?nal electrotechnical
Vo : open-circuit voltage, V COMIISSION .
PTIR : photothermal induced resonance
PEDOT:PSS : poly(3.,4-ethylenedioxythio phene)
Subscript -poly(styrenesulfonate)
Li-TFSI : lithium bis(trivoromethane sulfonyl)
LED : light emitting diode imide
spiro-OMeTAD : 2,2'7,7"-tetrakis-(N,N-di-4-methoxy DFT : density functional theory
phenylamino)-9,9'-spirobifluorene 4-ABPA : 4-aminobutylphosphonic acid
PTAA : poly(triarylamine) hydrochloride
DMSO - dimethyl sulfoxide 5-AVA : S-ammoniumvaleric acid
IEP  intramolecular exchange process P3HT/SWNT-PMMA : poly(3-hexylthiophene-2,5-
UV-ligth : ultraviolet-light diyl)/single-walled carbon nano tubes

—poly(triaryl amine)
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Fig. 1. (a) Light absorption spectrum and photographs of the
pristine perovskite film, as-prepared and after storage
in air ambient for 7, 15, and 30 days. (b) Light absorption
spectrum and photographs of the teflonpassivated
perovskite film, as-prepared and after storage in air
ambient for 7, 15, and 30 days'®
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Fig. 2. Possible decomposition pathway of hybrid halide perovskites
in the presence of water. A water molecule, a, is required
to initiate the process with the decomposition being
driven by the phase changes of both hydrogen iodide, (b,
soluble in water) and the methylammonia (c, volatile and
soluble in water). This pathway results in the formation of
a yellow solid, which corresponds the experimentally
observed Pbl,,d"®



K.J. Cho et al./ Current Photovoltaic Research 4(2) 68-79 (2016) 71

L7101 E S| EalE 7 A7 A Aateo] ERES
aL, Y] o] thgh P AS A FAI717] flelA] H = E A
7}o]E oFHA| S encapsulation 3FAL, BjOFHA] #HO|
teflon} Z-& 25 EHEE 81 passivationSr Sh= W

o] AgE ey

HZ2EA7I|E B2 z}H|9] oFAS Z7HA)7]
11ﬂw4ﬁ bl Q1L lmE ATl E %

a
L =7
=2 O

Fig.

Fig. 3.

Fig. 4.

off
1

H
El

o r{r

435}

07(

v

o.>|: rir

(1, Br)E &35101, | S-S 24510 &
P 17t
40| A eS| A5 35%9] 2510 AR oz

1o

a)

—a—before degradation TiO,ICH‘NH’PhI,

Absorption/a.u.

—v— after degradation for 18h
1 N

:
500 600 700 800
Wavelength/nm

b)

#1, H TIOJCHNHPbI, .
APbI, J/CH,NH,PbI,
*FTO .

— bofore degradation

310)

Intensity/a.u.

A

——after degradation

30 32 34 36 I8 40 42 44 46 48 S0 52 sS4
20/dearee

TiO2/CH3sNH3Pbls before and after degradation. (a) UV-Vis
spectra of film (b) XRD patterns of films'®

5% 55% 35% Humidity

Vi 020

Efficiency(%)

N W A O N ® ©
T T

Power conversion efficiency variation of the perovskite
solar cells based on MAPb(l1-xBrx)s (x = 0, 0.06, 0.20,
0.29) with time stored in air at room temperature without
encapsulation”

24X TS E 55%0] B Al S ] SFEAY A0 vlE
of| whe} A& 74 7%Fo] the2& & 4= Atk CHsNH;Pbl;Bryf]
Bro] B| &2 Z7HA)7|H CH;NH;PbI;EE} Z=Bof o3t oA
o] o EThz 8 I ol S-S Bre Eggtew ) gl
%ﬂiﬂﬂ%mﬂﬂ%&%@%dﬂﬂi&vwﬁﬂ%
A S A0 2 QbR 728 ARk wEn .

e sz slols BaA) Hal Aol AHKoR
2§ 3z 2.910]e), A2 H 70| E ki o] EAS 9
Slencapsulation™= 5 QSHA|4H A& 02 H|Z2 B AT EE
Ap83} 37 SIIAIL Sitol] chat P9 S ol BATE
S| QHEAI7 A7t Bad Aoe AmEt:

2.2 ZHuV light)gred

Henry Snaith A1 8- 9273 Fefo] g2 B 2710 E )
PR ol A 3FHH A BAIS AFstr. Fig. SolA & 4= 9l
0] encapsulation 3 H| 2 HA7}o| E EfjFF R of| 1-Sun2] W
& ZAL AL W e, Voo, B80] fhAdhe A3} A4S R ars)
L), 6% AL 27] 8-S Hole MZo] HQ 5 A7kwl

o:]

Z7] 582 tiH] 90% 7} TAE ATk ESE F A Ao tfsk

o UV filter& AR8-510] 1-Sun W50l Q1= UV lightE 2petsf
[e]

FoE U= 5 A1740) B A 271 TE) 90% o4 §
T 272 Sol, UV light7} sz 11 27} = elopi o] 2t
T % 5 92 AT kol ek gl et
Guangda Niu 98] %= CH;NH;Pb; & Ué*é 317] &5k 229
CH;NH:I7}UV lighto]] 2J3ke] Baj 2 4= 9l-2-2 ehazabie}”.

52110l eje511) TS MBI L
2 AR} AdS(Electron Transfer Layer) &g+ 311l Q1= thy
A TiO, 29 FZ2u) G317} 2571 9Ief*. Seigo Ito AT
.2 293517} T}4 Ti0»2} CHNH;Pbl; 54 5 AJo] 2] A
ol 4] Qlofteka £t Fig. 6.2 Seigo to Q78] Aot
g w8 7ho] = Blopaix| o) 3 Qs ulAU L Bl

= 125
g
> e
o) 1.00 o
5 A
v 075 —
S i
E o050 >
b [a)
3
<
1.05
S 1.00
g <
= 095 ]
= —
[ <
L o8| [Encapsulated =<
M Encapsulated + UV filter | 0.90
0.6

0 1 2 3 4 0 1 2 3 4

Time(h)

Fig. 5. Evolution of normalized solar cell performance parameters
power conversion efficiency, short circuit current (Jsc), fill
factor (FF), and open circuit voltage (Voc)over 5 hours of
1-Sun condition®®



72 K.J. Cho et al./ Current Photovoltaic Research 4(2) 68-79 (2016)

CH:3NHs3Pbls

Overnight

/W 3HI

Pblz

TiO2 W 3CHs3NH:2
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Table 1. Photovoltaic parameters of perovskite solar cells
based on mesoporous TiO, with and without MgO

coating®
Vo Ml |[Jse [MACM?]|  FF [%] n [%]
pure TiO, 0.961 15.16 67.8 9.59
MgO-coated TiO,|  1.056 19.16 68.9 13.94
pure TiO+ UV |  0.903 6.78 54.9 3.37
MgO-coated
Tiow UV 0.948 12.04 557 6.59
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Fig. 13. Stabilized power output from an mesosuperstrutured
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Fig. 14. Snapshots of the in situ recorded video, showing changed
perovskite material close to the anode side during the
poling process®”
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