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Abstract: A marvellous solar cell technology system based on organometal halide perovskites has recently

shown an unprecedented progress in power conversion efficiency (PCE); the certified one of 17.9% and
unconfirmed of 19.3%, as well as the estimated electricity with a generating cost lower than the half of

conventional methods based on fossil fuels. In this report the present status of stability with regards to

moisture, ambient temperature, ultraviolet and lead toxicity as well as the key technological developments

for the early commercialization are covered. Comprehensive understanding of material science for perovskites
is required, together with complete encapsulation technologies beyond those for OLEDs, in order to ensure a
20-year-longer-than lifetime of PSCs (perovskite solar cells) and the stability according to the IEC 61646

damp heat test standard, which will result in the replacement of silicon solar cells with PSCs,
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Fig. 1. ABX; perovskite structure showing (left) BXs
octahedral and (right) AXy» cuboctahedral geometry [1].
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Fig. 2. The evolution of performance and architecture in
case of PSC [1].
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Fig. 3. JV curves measured at ca. 100 mW cm > (a)
before and (h) after 500 h of ageing using array of white
LEDs [5], stability test(solid line), dark test(dotted line).
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Fig. 4. PCE vanation of the heterojunction solar cells(HJN
SC) based on MAPL(I Bry)s with time, stored in air at
room temperature without encapsulation. The humidity was
maintained at 35%, and the cells were exposed to a
humidity of 55% for one day on the fourth dav to
investigate performance variation at high humidity [9].
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Fig. 5. Schematic illustration of the solar cell with a
carbon nanotube/polymer composite as hole-transporting
structure [10].

U-sﬂoOMeTAD PUMA PAHTISWNT-PMMA
;-" I\ -0h o
AN N Y =
gl - -
E | B6h #®h
! \ |

500 700 700

Wavelength (nm)

Fig. 6. Changes in absorption spectra taken at 24 h
intervals, The sample with Li-spiro-OMeTAD, the
representative of the degrading organic HTLs, loses the
perovskite characteristic absorption onset (shown by the
gray arrow) [10].
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Fig. 7. PCE for PSCs employing the range of HTLs as
a function of temperature [10].
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Fig. 8. Ageing of TiO: based solar cells, The behavior of
perovskite sensitized TiO. solar cells, non-encapsulated(blue
open circles) and encapsulated with UV filter (filled black
squares), without UV filter(lopen red squares) [11].
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Fig. 9. 1,000 h stability plot of MSSC with AbLO;
scaffolds. Performance parameters measured direct during
aging, monitored under continuous
illumination of sun light intensity 765 mWem * at 40°C.
The device was encapsulated with epoxy resin and a
glass coverslip in a No-filled glove box and no UV
filters are used [11].
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Fig. 10. Structures of inorganic printed solar cells: (a)
<FTO/TiOy/Sh:Sa/CuSCN/Au>, (h) <FTO/TiO» MAPbL/
CuSCN/Au, and (C) <FTO/TiOy/Sh:Sy/MAPI/CuSCN/Au>
[12].
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Fig. 11.
exposure (AML5, 100 mW/er) without encapsulation in air
for 12 h: (a) <FTO/ TiOy MAPbLY/ CuSCN/Au, (b) <FTO/
TiOy/ ShySy/ MAPbly CuSCN/ Au, The inset pictures are
the photographs of cells after the light exposure [12].

Variation of PCE of solar cells during light
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Fig. 12. Light stability(I-V curves) on numbers of scan
[13]. (a) HC(NH2):Pbl; vs (b) MAPbls. Meso-microporous
TiO2 film from the paste with EC/Ti0:=0.72 was ~230
nm and compact blocking layer was ca. 40 nm. Devices
were stored in air for 8 days before measurements.
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(the hysteresis during J-V measurement)
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Fig. 13. PV performance as a function of scan direction
and mp-TiOs layer thickness [8]. (a) J-V curves for a flat
cell (FTO/bl-TiOy350-nm-thick perovskite layer/PTAA/Au)
measured by forward(short circuit—open circuit) and reverse
scans under AMLS G, (b) J-V curves for a bilayered cell
(FTO/BI-TIO200 nm-thick mp-TiO: perovskite nanocomposite

layer/perovskite upper layer/PTAA/Au, and (¢) relation
between the power conversion of perovskite cells vs the
thickness of the mp-TiO: laver.

Table 1. Photovoltaic performance of perovskite solar
cells without mp-TiO: or with 200-nm-thick mp-TiO..
(mp=mesoporo!

mp-Ti0s

(planar) RS 192 109 0690 144
200 nm FS 20.1 108 073 158
thick,

(mp-TiOy) RS 19.9 106 075 159

5 AYE FH7 F4 A dFEE
7t FS A$ut 24 Jdebdo of SHA ¢ $4
AN HE %F5FH o] e gshE A vd A3
ojt}, I} ZHXE AL AHIAIER, 4F9
dole g giMe] WAt J. H. Noh §&
dl2HeAa dHe wusgi=d (8. mp-TiO:2
57 o 200 nmollA] o] "] HAYUS Wil o
71%9 HLog PCE 169% 7152 F9¢ o)
mp-TiOxF §1& HW AA o] #de] AFa, 1
W 13(b) 2 X 12 o] diAe 5HE YF3e MA
F710] 2] 74 (ferroelectricity) % #H& 2= %
2t} [16], H. S, Kim 52 #lZH27lo|E AH-F

B4 2A A SaHPAz Bl FFE Fi
sebulElE A7a7] $lste] MAPbLSl Af-A%

(I-V) 54L& wlojojx #gte]l ohAH WAzt wmzt
AlzE o)EY AFrsS sl 17 L A3 o
Y 14 2 15094 AAZ =77} 130, 170, 440 nmE F
7VeE £WEFES)H GUIRS) AR Apold] 2
o] 7} AHoj 7t}

w8 1§ 1659 2ol mp-TiO%F F77F 110, 220
nm& 7kl mEl s zER|Al A dde] EAW
mp-TiO:7} A& ¢l HW AL F2HA L @4
o] Huge #AsAY. F MAPbLS ZAAAY] F
7kt mp-TiO, ¥ F74 F717F sl 2gHE A2 S

ZF AL gopWin), Iy 1604 A5 53
HEE AFFE0.1~1 Hz)olH el Adggdo] AA
2719 mp-TiO: T2 F7F A Zade] ¥ zd.
o g Ao AL AALTe] o]ERT FT.
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Fig. 14. SEM images of MAPDhl; perovskite grown in
two-step spin coating with different MAI concentration of
(a) 4194, (b) 5242, and (c) 6291 mM, leading to average
440, 170, and 130 nm, respectively. -V
curves measured at FS(solid line) and RS(dashed line)
for PSC emploving MAPbl: with size of (d} 440, (e) 170,
and (f) 130 nm [17].

dimension of

G TP T e
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Frequency (Hz)

g
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Fig. 15. Bode plots of the capacitance (C°,

obtained from impedance spectroscopy measured under 1 sun

real part)

illumination at the applied voltage of 0.8 V for the devices
with (a) different MAPDI; crystal size and (b) planar
structure (w/o mp-TiO2) and different mp-TiO: thickness.
Inset shows the frequencv(a, b

capacitance at low

corrected) [17].

Ai-Ad F4 A 32 A~ & (hysteresis
phenomenon)2 &l E ¢ (solvent annealing) # g &
AE 4 9gol st [18].
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Fig. 16.

solvent-annealing-induced

the
grain

Schematics  of interdiffusion approach and
size (18], The
PSC:  Al/BCP/Ca/PCBM.

(BCP:2.9-dimethvl-4,7-diphenvl-1,10-phenanthroline),

mncrease

unseen upper structure of the

(PCBM:[6,6]-phenyl-Cs -butyricacidmethyl ester).

— |
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3 10} *— 0.21V/s

= i 054 V/s

€ -15} e— D.89 V/s

]

=

(5}
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Fig. 17. Photocurrent curves of a best performing device
with a different scanning directions [18].

¥ 169 o] HEHAFIE Rl
(solvent) DMF2} 2-propanol Z}7}e] o} & Frzs &
3 €l (dissolved) F A (precursor) Pbl.¢t MAIZ}
4 XHeE F & 2 Hinterdiffusion)
of oja] #E F Uk F AFA Alole] ko] i
Fojz ggdo] A APE £3= AolE MAI
23 Fg9] Phl,E Aolu|g]r &=t}

o] AloflA] CH3NHiPbly; 2 =)= uf 79
S FHdl 1 w7hA ZdE 4 2tk DMSO(dimethyl
&) ARS8 A] PCE7} Hdl 156%(0) 55

oo

eAR 59

sulfoxide)
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145%), 71€ E2d9gye Ha 12%7A Atk AFF
A A 270 WEs A 55 A ZEd 3AF
3 2 g Al A7) wolx] skt FH &9 I F
B s Ho AN A3 FARE FA
st A4 AFe BAF 20 SAAHR F
dste] ¥ 179X AY FAFIE Aol B AA
Helth & 9¢e 2 44 53 3AFE EolnE
A4 &40 FolEr)

233 M5 A4S 9|8 @y 4 7|&(tandem cell
for the performance improvement)

PSC(HlZ B 270l & e|FHd =)ol FEo] 20%9l
74t A z8 % @4 v]= DOE SlA shAds &
AwrA o] o 50%2 FAHL ot 5 nggo] I
aatr} 20134 o]v] 053 US$/WattE @43 CdTe
7F 20174l 0.38~041 US$/Watt 5EE 2t ot
[19]. A& A= AL 345 AE-A(sub —cell)
&2 zte= Wy A(tandem cel)& E 20049} o
PCE7} 30% AE Holok A48 Uk Ay Ao 4
5 oqB-Ae Alg 7Hed o] HF S Si B FRA 7}
5 o A~gEY E545 98 oy o zHZ 9
Eolol ¥}l Wy A T4 F M- HAHF A
AFug ol F HA AfHvt iy 4 AR7E "ok
Vo= Algel wmal 2y, #HRHAvleE:
MAPbLY MAPbI; Cly 55 9F 048 Vo] o] 744 &
A(Ey-q » Vo) & Atk

Table 2. Estimation of preliminary costs for Si cells and
Si-perovskite tandem cells [19].

PCE (%6) 194 25 30

Cost/area
153 167 100
($/m') §
Cost/Watt
0,79+ 0.67 ?
($/W)

ZF: #v|a DOE Sun Shot A8 1A 20179 =4

J. H. Noh %< MAPb(l;«Bry)sold Br e
x &7kl w& w 2HA oA (E)E ¥ 183 2ol
U8 McGehee 50] g &0} CIGSS 4% 4890
2 Qlgstx vt [9,19]. o] E£F Felol= HEH

Table 3 E;q-Vie of solar cell absorbers [19].

GaAs
Silicon 1.12 0.75 0.37
CIGS ~1.15 0.74 0.41
MAPbBI; 1.55 1.07 0.48
CdTe 1.49 0.90 (.59
a-Si 1.55 0.89 .66

22f Eyx)=1.57+0.39x+0.332

Fig. 18. The band-gaps of MAPb(I; \Bry)s as a function
of Br composition(x) [9].

27| EE x=05H x=17}4 o 70| 157 eVEY
B 223 eV7HA A 7bFesiv). x=0.34% 9] 1.76 eV
7} 5o Ay Ao R HH-4d o]EHon gyt
ol AARE &4 oF 05 VZF o] A9 V.= 1.2~
13V %7 9 Zo|th

3 @elol= HEHAJlOEx g9 B: d¢
Zor} o 17 194 eVE Wy Ao FH AH-Ald)
AsteE Havth Jdo (201 &€F FeEkel= MAPD
(I1.Bry)s(0=x<1) SR RE 23 3Yste] L2
ube x ghel wslel] wel wgzFA u hzo] Wi
k. AREe] H3e AEFTAH Ao wet AxF
3 delol= HBH A0 EdA PL(E w33)e] Al
7] 4 F4L 4EY AF 2% (phaseF 2 §3F)
ozRE 219 =3t ¥ @ F0HE S A
il 135 7bA wabzh ek (29 19). o] 8.2 to|=
g} HRupol=e] H]go] 60:4090 #3H w HAHo)
194 eVSith Urbach oly#], 33 FE39(PDS),
XRD Sol B8 v 4 £ % 05 Ve #
Qtafof & Rojrh FFFe w A EH(Egq- Voo
o] Hil, q- Vo/EgBl7} ¥ &S F3HA 7|79
A& BFAR = Y AelA awsa JAr
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Fig. 19. Change in PDS spectrum for CHi:NH:PblBr;»

films measured on the same day after annealing and

after 21 days CHiNH3PblsBry2 [20].

y-phase

a-phase B-phase

Low-symmetry
supercell

&-phase

Fig. 20. Scheme of the observed phase transitions in Pb and
Sn hybrid perovskites using HC(NH2):Pbl: compound as a
representative example [16] (Laue patterns need magnifying).

=35 MAPDBr;-Clie &% 2=4HEY
(absorption spectrum)e] 350~580 nm#& Folw o
H2 23 eVellA 73 =A C.’}t\-".x )& 15 V7R =4¢
T ol dHd FHHUG [21]. AFFEFELHTM),
44 " -bis(N-carbazolyl)-1,1 " -biphenyl(CBP)¢l p¥ =
HAl(dopant) Li-TFSIE #7* 10% v =3 §o

% MAPbBr;-Cly §34+= Ve 15 V, PCE 27%%
At g« Vo/EH 7 0.7 242 &)

gtelo) =

234 2¥ 2¥YY Jle

MAPbly AzB27l0|EE Aeod H5d B
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Fig. 21.
structures of the FAPbl; lavers deposited on compact
cell), 130, 230, 320
nm-thick mp-TiO. film thickness, and (c¢) dependence of
Ise, Voe, FF, and PCE on mp-TiO: film thickness.

ta) Cross-sectional SEM images, (b) schemaic

blocking TiO: layer 0O(=planar

@, (mAeT) —@- V. (V) —@- FF -@ PCE (%)

1.024 22+ ~0.72
< - 14
1004 - 0.70)
L 13
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roes
0.96 4 i
0.94 18- 0681
0.92- = e L OB 10
04 06 08 10 12
ECITIO,
Fig. 22. Effect of ethylcelllulose(EC) content in TiO:
paste on photovoltaic parameters.
FHske=d, *27F 57C (330 K) H-:29] Abdlo] £xwr}

EorAE HUAAZEE ZHAA HvE a=6.31302)
AE Zh= 1879 space group P4 mme] ¢HA A
Hw tPAdo] AT LA -F& o
g} W97} dojutr} [16]. o] 4#Ao](phase transition)
E RMEANAY dzrxjleEdA Pb 2 Sn B% ¢
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ole wEeRFo|L} FZolu|rlE —l 87 Sole
g8 jodideZlo] WA= 7oA FAow WA &
7} 77t gz,

HC(NH2)o(=FA)Pbl;ol A a4t ¥zt A] F 7}sAl ol

g 2o ] AF AW EA4 A sHeE FAH
°o](360 K ®|Rte] )7t dojum, Axd AAL te
Aajo) 7} o 2 ‘-“]‘*33}01 200 K v gkel A B)a;-_ggg_,
o]o]A 130 K vl M yAe= Witk §7] Fol2
W 4 ol&e A= HEBAFOE Afe 8
4 9 A% 54 wzel a8 stebvieolt, of 2
4 9] AFAHL FEARHE VR
A-X A= o] B-X A9 ¥& Zodn.

A2 e F4& 9lE 89 AATHp=B o] 2W74/X
o] 247 )F7t 5ol G 3ol S+ t7} 0.89~1.0
ol ol B A Fxolvh 7 AE&F5E o
-‘1A—lo] e Hurd Zo] g £x7) ol AFA

T2 3

o7} Aol B4 UPAol drk. 4 UYL H
(MA)8] ol 4 FAF2E HAU 42 ~120°(_
oM HelE A e AP (&M §uHe)

Formamidinium(FA) &. & w}3te] obA ¥ 39 #&
HAIlolER £ H&3 JHAHL | W. Lee 50|
g4l [14]. FAPbLel o 742 MAPDI(1.52
eV)Hth Fe 145 evVel ez F3 7jAl5Hg0] 80001 A
840 nm=z Fojse] FAF TUkEA -V FA A
3 2H A 2% FA %olo] A7|ZoA A A
3} slo] ¢F gt} ol 5L AFA HC(NH:)I(=FAID

FEE Eole AVl ARYE ok FTFol A
&3S o]£&E MAPbL; SutelS FAPbI; Slol &
#Zakar, TiOwol ethyl cellulose(EC) = Ic’_’r— AHE
ARA o] B HAES FY= T2 APA
=2 PCE 16%(H i 1556%)& 4t 2@ 21 9
22%= |z oA Tio: 574 2 EC/TiO: vl &°] &
yol vjAe Jge wol@

235 & SM gl R7I835 €20l HEEAT}
0|E EfXZFZX|(Pb free organic-inorganic halide
PSC)

MAPDI; 718t HYAAE & 5o FALde A
Al MAIE 93 wolE 2 pblE 97l ol& F14
o] F8Ao] HuR Zhatd A Algo] FAH, o
Aol ¢l k. & thal Sn Abge] 3 WA o
Aoly] Spne Axo FHefsw Ph gl HIHAAE
Az} 8o Oig A 3ko] ofslE ol EA4do] "ot
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Auhecirods
Spiro-OMeTAD
Pempeskiie/TiO, i .

Blocking T, e

Py

Fig. 23. Cross-sectional view of a complete PV device
with MASnI; (Bri perovskite. (scale bar 200 nm),
Individual layers are indicated on the left. Real device
images on the right indicating colors of PV devices made
with MASnl; «\Bry as a function of I/Br ratio [22].

Table 4. Cell

parameters of MASnl;Bry  [22]

(x=0,1,2,3).

CHNH:Snl; 1.3 T 16.30 068 523
CHNH:SnLBr 156 1438 077 548
CH:NH:SulBr 175 12.30 082 573
CH:NH:SnBrs 215 826 088 427

| — CHyNH,Snl; (130 eV)

—— CH3NH;Snl,Br (156 eV)
—— CH3NH,SnlBr, (175 eV)
—— CH4NH3SnBr; (215 eV)

Absorbance (a.u.)

Energy (eV)

Fig. 24. Absomption spectra of the MASnliBry

(x=0,1,2,3) [22].

w4 BgaA
4 1.3
$F5 )

MA%nI‘; 7|gte] o gl 97139 I
F. Hao o] ¥z maatalct [22]. 9
e\/‘91 M Snlzi= el FA A elA 950 nmel

".Il.l
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% * Resistivity 10°c
314, « Bandgap 10°=
g - . = = 10’%
s . 10°x

124 = = 0‘

0.00 0.25 0. 50 0.75 1 00
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Fig. 25. Dependence of resistivity and optical bandgap of
CH:NHz Sny-«Pbls on x fraction [24].

Al # (absorption onset)< 7Fdc), o] A4t xo uf
£ $F 3 X(absorbance) & Hol=d|, x=2u] 1
PCE7} 5.73%0°]t}l. Sn'o] 9§ mARE(2}7] =9
=self doping)2] A& €8] < 45 ofwe] g
3har, 4ksh vl A4 ¢ SeH da oA &
dect Fes @ F 54 HrieH=d 24 Pb free
7t 7hssbcka g

¢ et EYFH ez uw HF 123 Ve
MASnl; 7]uke] g8 Ph  freeE TG Aol A
Oxford the ®e] PCE 64%%2 X xatgc} [23]. @
A &4k Aol(diffusion length)= 30 nmz WY ##
g pd 27 =9 gge] Snt A7t #AEH AR
7F StHEHE 1 m o]de] 7Msdte] PhA Y #H&
PCE7} 7bsdtrhar oh. 54 (toxicity)& il#dshe]
Wl IFE FolWA FHAIEL W7 918 SnH
Pb @3 7wte] 2B AvlolE EYAXE AFF
wBatzh Qlct [24]. A7)EHAIE o] 4le] E,.& %wtel
1.55 eV(Pb 3}§HE)e} 1.35 eV(Sn 313HE) Alole] A
Yy AE B2 93 Sn FFe FFoivk FHIY
& Pb &8&°] 059 ¢l MASnosPhoslsZt 7+ &2
o 7+ (115 eV)& 7FA 3 ~1,050 nm)7A 4§
t}. o] o Hu; GFAFLUE J&= ~20 mA cm R
O}, Vs o} Y,

2.3.6 %4 Tl N2 712 ¥ 2 EF (Mass
fabrication technologies for low temperature
processing and uniform quality)

AFaekg gbu Ti0. Z' Z(compact layer)9)
A&7HE 71&e] BRsit) o= 2YE FA4S 93

25 ——
20 o 8 3 T 1
o 18|yt SHE = it .“' .’
[ | 8 - B "~ #%"J10
10 : — 3
£ ®
® 5 =
k.
0
14— i
y 08
10 W s s ol IS
8 |k T S o 06
> s lr 1 13 1
0.9 S
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TiOx ht-TIO2 KTIOZ TiOx h-TiO2 N-TiO2

Fig. 26. PV parameterss extracted [rom current-voltage
measurements of a series of solar cells with different
compact lavers [25].

Fig. 27. Cross-sectional SEM micrographs showing a
general schematic of the solar cell architecture [25].

500°C & el A A4 7 (sintering) ¥ 2L & roll to roll
7}&-48 PET(polyethylene terephthalate) % e 7l
245 Fek2E EA(plastic foil) 713o] ALgE 4 ¢l
7] W &olt}, A F9 ¥4 TiOF2 MSSCH ¥
H Ao HAL AFv|y Fog A7} 75 6}|ﬁ
th TiO, 2E3E 9% AL 71571&0 2 B
At [25). ¢xE fvl Wl Bi® nZAAA 04
Y2 (27 5 nm v|gh) F& 150T vyt %o
A A F ddeH, ¢z el titanium
diisopropoxide bis(acetyl acetonate) (TiAcAc)E #

713k Zolt}, o] Wiy e FA n AWe TioM Tk
AEEE 1000 o AA7 AL 7125 MSSCe)
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CHyNH,Pbiy

Spiro-OMeTAD

Fig. 28. Device architecture of the ITO/ZnO

/MAPbDILy/spiro-OMeTAD/Ag cells tested [27].

100 T T
a5t

. #
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Fig. 29. Perovskite surface coverage as a function of
anneal temperature [28].

3 PCEY 159(83 147)%7F = ek #HAske A
2748 EEYolIt-TiOy) AHS- A& 7]E L7138 H
E]Yok(ht-TiOy) Axr} Ao $Fadct (27 26).

AFAGE Eeol 292 aHEA 2
wdbf /ol el EEbY ol Y]zl 3 e KEHE)
(150C wuk A& 7hEg)e] elaf A2 & 9l
[26]. ©] ol &Fwu|v} F/MAPDL ClL7F F3HEh
(29 27). ¥& HAFAE Yo PCE 156%7+ @4 =
I YxBe EFE TAHA AP dFHY
T30 it 8o K-l

gal7lE P Ao FFAEEFE 19 28 AH
AAdo] EHQF ZnO YAl zututo g A st
of AA7|¢ ¢ PCE 157%, ¥94 PET 7|3 %
102%7F g4 = [27]. ZnO AAA Y=gz b
S U ZAbolqdde AR R dov nildz ¢l

t}l. MAPbls:= 42 2942 LA S3Eo.
Zn0O °|-& TiO: A A2 diiko]r}.

SA7HE HA e A% &4 Havh g5 Qo
HEA oE dwdic (28] P AL vlzuFA F
ZZol "Wa glo] AAH ubuk dAd £47FH
ol A o}z PCE7} Wt} #UF FA9 RERA &
48 g8, HlzBAFE SHE-FS TiO, 243 §
o] ¥¥ "4 E Azt o FATHe HH3
7 Aeld, ¢k TiO: W30 fddx, 454
e Al a9 2047 A-L90C FHA)eA AHgska
z719] ARBAFOET} FALSFE EH HWYEo
o} PCE 11.4%7} H.i1% Qo).

2.3.7 Yt EFe| 2y

PSCt PCE7F #Hil 15%% EolE HiAAE 12%
2 g3 #z7) #d, H3 PCE a7k 17%0 1, 3
ol 16%E " v$ 74 F4do Aol By
Aok [29]. 294 29 ILE T3 A€ 279
MAPbI3 ZAAAdFYoltk. 2§ 3004 AH WA
DMF $u W Pbl, 89 29 z:gg F 2-
propanol &1 ] MAI £9jo] 23 zEl¥]
MAPbl; 24 MAI9 & % 5(0.038~005 M)l
A Hnz AFgsia(FEua 0.34~044), 24 =27
7} 4% PCE7} 24 $4HAG. 3§F S A &
dskar QA4 A= Fdol ZldiEck MAI FEA,
237 3 A PbhLe MAI/eE A7l s|ZHX2gl0]E
9| 4559 A4ar) FAHsr Fasch oY 32 %
338 MAI 559 48e nmojzZo)

Fig. 30. Two-step spin—coating procedure for MAPbBIL
cuboids. A IM Pbl: solution is spin-coated onto the
mp-TiO: film. The Pbl:-coated film is dried at 40T for
3 min and 100C for 5 min. A MAI solution is then
loaded onto this for 20 s and spun. Finally, the film is
heated at 100C for 5 min. Concentrations of the MAI
solution in 2-propanol are 0.038 M~0.063 M [29].
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perovskite solar cell

Schematic  of  the
configuration based on surface and cross-sectional SEM
images, where large cuboid MAPhl; was formed on top

Fig. 31.

of the mp-Ti0: layer. Scale bar 1 g [29].
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Fig. 32. Plot of average MAPDI; cuboid size versus MAI
concentration [29].
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Fig. 33. Effects of MAI concentration on PCE [29],
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8T/85% RH(Zt)s%) 8}9] damp heat test(IEC
61646)+= %+ Y% =% 1,000 h ¥ 10% Hr} A&
& 493& 87dke F7)d HSE PSCe Aakt
2 g A #AF 48752 daw o 57

wzE CIGS & A9 A2 dste] f8 AlE=s)
ol& Alele] AE FHME f7] HEA EZ#dol
hg g AAHel -3 EAe] PVB (polyvinyl
butyral, KurarayAl) % o] 2 '=v(DuPontA}) o] 4l
woli itk [30]. 53] F2= AR B}
Ao A3 X% f7ld= FHe HT 9
53 F719% Ak FAF o3 $-217F it ol& Al

= o} PSCel #H-& o7t o melr) 200 o)A
T 3o FelA Ly E(glass frit) DE ALE: H
gl 7|gke] A8 diwd 2E A& AAY(n
situ) HEH 2710l E FF7|&E 2013 Fraunhofer
ISES] A. Hinsh7} ®adeh [31. Bd didy
DSSCell WA Aldg o] 7]&+& MAPbl; PSCe 75
em x 10 em BEo = AgEHAG, FHL =UF/0
%9 F TiOxZ, Zelx =ZgE Wiz wdxS
A2 F f27);/ Alelo] 23 QM F Hz of
650TCel A 24/912 nA/&§ LB oF TFH
T o8 &34 Fol 93 B F/ATFY Az
3 9 =z 7)ol F AT 7 1bHo| DSSCo
ARt vlg gk 2 m7tA #AE § AU o] 7
&2 Ao AR ol A A zelo] B A
APE 7l = B4 7]4olth

3. 2% ¥ 1

PSC(HlZH 2ol E  HFHA )= HEHXAIOE
A7t & &5 F F4del7t da #3FA FEo
ol 7] #53F 49 WA 5 A Eete] g
A% o3& 9% 71x A7 1Y Foluvh ey
@A &< PCE7} 179%0o]x, 4d U] A& glgd
A A7 7l Ee] 443 FAG Al7)eld. F&
shol] 7H4 AlFF kAo A3} WA zAEIAL
Fiol t§ CHiNHiy(=MA)Pb(I, \Bry);9] &3 3te}
ol= 7|l#d nWFA mEA 713F U gauxFH
3 AFFEFHTL) 713 2L TF3 7140
HaEel 22y IEC 616462 damp heat test (8
5C/8 RH 1,000 h & && <3} 10% ola}) =
= PSCollA of# Ho|x ¢Fm mAa] Wi o
5 fi3o] Fasic} M FoA LFuy
A5 PSCE ¢48 Hoju, v=xo34 TiO, 23
T UV 28 99 P& AMdse d371 $ed
vl TiO, zetel, FAPbl; 59 t#e] HuH9E=d
Aad FI AAZ Weto] 275, A4 EFEF
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Y € MAPbL;9 $-29] Ao 5 AFY A=A
of thall olzS Fe] FAPbL:ol 3 #A52% T 4
dol7h fles AR 7|Ee] H HuHATH

Pb Aol oA ¢t Sne& hA] A7 FPH
i ok Pbi e AFE 215 A il Cd
Hoh 108 FEg @A 2o Qv ES Wl §E7]
ol 4 o fe# Aot HAE oA dAF-A
o FA Ale dzHEA2 d4 A= AF A7)
Zd, &vl £3, FAPbL, eElx ¥ TiO: =43
Abg-e] Ha/YFE Ak, a2 248 ase TiO, &
(A FAEF) dig A A58 70|, ¥
F2 #d4exs 2A Z7] Furise BRiHU
iy A dAel B3 7|2 71EL olv] FHEH

4. 4 B

AgsloA @A o IECS 8T/ RH 1,000 h
damp heat test T+ EEo] FHo kHol}, old = F
i A4 HEE gdeA Adsie fHaer)Ese] 4
Qe Fato] MAHOE kA Qe IT A9 HE ¥
gl e I8 F AFE 1YMEE HEAE
2] LE 7|%Ec] o]8E F UL Aojrh HFHA &
AHANE o] mE/oj#HolR xyalor Av] <tdA
o] BAH 48977k 7Hesith oA Adeld =7}

A4 oAl dde sis v FEsere FEAY o4
WAE WA PN 2ARNE aA/A e 2

%3] g 2a7t Ak

#At2 =2

of wEe vdREARLe Ao AT G
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