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Abstract The photovoltaic properties and microstructure changes were observed while perovskite solar
cells (PSCs) with a fabricated carbon electrode were formed using the following annealing processes:
hot-plate, oven, and rapid thermal annealing (RTA). Perovskite solar cells with a glass/FTO/compact
TiOz2/meso TiOz/meso ZrOz/carbon structure were prepared. The photovoltaic properties and
microstructure changes in the PSCs were analyzed using a solar simulator, optical microscopy, and field
emission scanning electron microscopy. An analysis of the photovoltaic properties revealed outstanding
properties when RTA was applied to the cells. Microstructure analysis showed that perovskite was
formed locally on the carbon electrode surface when hot-plate and oven annealing were applied. On the
other hand, PSC with RTA showed a flat surface without extra perovskite agglomeration. Denser
perovskite formed on the porous carbon electrode layer with RTA showed superior photovoltaic
properties. These results suggest that the RTA process might be appropriate for the massive production

of carbon electrode PSCs considering the processing time.
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HZEAZIO|E E|YAHX(perovskite solar cell ;
PSO= 20099 A& Eard olF <k 104olzks &
2ol 22 ARE HFEA o] Havtes F 25 %9 =
2 ouR|HZta8(energy conversion efficiency ;
ECE)o] BEirE]o], w|goiR|geg F&Edw Qict. H
FHAFIIE HFHAA(PSO)= T 8HTFo= A%
o] 7bssl7| Wil =2 B4 7L 1o -85}
£ 95t A5t gbsioi1]. 23y 71& PSce) AaA
ZZ(hole transfer layer ; HTD)Z} A=Z0 & o] &E 1
de Ags MY 18R AR AsE A==EH
PSC @7} oF 50 %E AHAskaL UrH?2l.

7HE A= 9 34 3A gEEeelE WY &
YUY Yo7 FHo| 7hssith gEEH0|E
ol AL, F  Zhang S[3lo] glass/FTO/TiOz/
perovskite 71A] A&EE 22t Qo] HEE ol WO
2 712 AFE F95}], carbon AFE L3t PSC
2712 AFsl] 23 68 831 %9 ECEE H St vf
RO} A2tsl= layerd] FA o] golskA] Eol=
EA7E A

AFATAY WOl A, Al Mei §l4lo] 237
A9 WO R TiO9} ZrO; 181l 7HE A Al&s
o] HEZHO 7 glass/FTO/TiO2/Zr0,/Carbon &5
Azrstal 9o HREATIO|E gAE EEslo] EE
Fol= WrHETH AH 12.8 %9 ECES Hagth vt 9l
o} o]% FHE ASE & oAl AFYIAUY ol
EEoke Y o9t 32 Qi
3 7HE A5 8T A9 A, HEEAT O]
E 8BS THESM GA ok WHoR AFEEY,
20149 7] AolA= o] W] AT E 8o
B =R eoFH4, 5]. ©]F 201790 S. Hashmi (6]
°] 50 TRE0A 908 BAE] FHOZE 0.16 cm™®] &
Ao gt uRHTEE 7.3 %S HIoI oL
g2 ZAAZIO] 90& oo R e Ade A7t
AUt olHE FHE A= BLAES Aol gt HAg
A A HRekE =&sh7] 98l K. Kim S{71°] 7H
A= H2EATI0|E JEAHSE Ho = AL 42}
of 9oz AARt Aol gt Blw AFE X6
O} opdgA e F wWol wet HFAAY] FmEo
P B Futdt eE FAP B BF G0E o T
AATto] o A== A7 ASiTh
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E Ao AE Glass/FTO/TiOz/ZrO,/Carbon A
Hof| HlI2EAT0|EE AT E 26ty PSC &
ZAE AR, olg9 FA7H A4S vHlusigitt

Fig. 19 7HE A= &A1 R9] BA LS et
Witk 7HE A= A% F@sh] Yol AEE glass/
FTO 713 9ol compact TiOx(SC-BT060, Sharechem
Co) 8ML 0|83l blocking layers A&}
Meso-TiO2= TiO; paste(Sharechem Co)E ©|-83}9]
239 ZHE ¥iog AZsiglow, AZE glass/
FTO/BL-TiO2/Meso-TiO; Holl ZrO; paste® A3H
nHE Yo g FET & 500C-308 2708 A2
st} ZrO; layerg AASHATE ol glass/FTO/
BL-TiOz/meso-TiO2/ZrOz ¥ carbon pasted &
a3 ZE Yo s FEE F 400C-30% 2=
AZsto] 2EFO0Z glass/FTO/BL-TiO2/meso-TiO;
/ZrOz/carbon A[H-& AT

HzEA7lolE §H2 MAICHNH;I, 99%, Dyesol),
PbI(99.99%, Alfa Aesar)S GBL(gamma-butyrolactone,
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Fig. 1. The fabrication method of carbon electrode PSC device.

sigma aldrich)¥} 5-AVAI(5-ammonium valeric acid
iodide, Dyesol)& #7}sto] A&botATHIl. FH)d &
AL Ok ARt glass/FTO/BL-TiO2/Meso-TiOz/
ZrOz/Carbon Al#Hof 20yl HZHAFIOE SHE &
ol Zu|5i9itt. olnf FBA YL 1.56 cm’Jt.

Fig. 201 vehd ¥} 2ol (a) du, (b) 2, 13
1 (c) RTA & ol-&ste] YT 50 T 2AolA A
ZAA PSC A4S ARttt (a) 9] 3¢ 82
0 CTE AAsta 602 5<%t A st Hz2EA7]0
AE AFste] grilE 25 SEUAIA H2HE A0
ZAAo] FAHEEE oIt (b) 229 F¢ E Y
255 50CE §AI6kL, 2408 53 Hste] H=
7}olE A& F/5k3ith (o) RTAY A% AlHC
ZHE 9F 15 cm oA 3o YAIS 500W halogen
lampE ©ol-&sto] A|59 7IEATRE Lol v &
LESIL et 50 € 2004 287 ofds Asiith

A& PSCY FH71H EAS Elst] Y8 solar
simulator(PEC-L11, Peccell)2} potentiostat(cormpactStat.h,
Ivium)& ©]&5}o] I-V(current-voltage)s =743
t}. ojdf F¥L 100W Xenon lampE °©]&3ky, 1
sun(100mW/cm?) 2708 EAsI9cH10]. -V 24
£ 59 dZAFE = (short circuit current density;
Jso), NH 4 (open circuit voltage: Voo), BHE(fill
factor; FF), ofuA|Hgta8(energy conversion
efficiency; ECE)2 EQIstict. 7HEA=-PSCo] A
O] Auifg w2 F3HAHF(AX-100, ZEISS)E ©l
&5t EAsilal, wHlE  mAFRE FE-SEM
(S-4300, Hitachi)< ©l8&stler, ojnf 7I&H9%2
SkVE ZASIAH.
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Fig. 2. Three annealing process of for carbon-
perovskite layers ; (a) hot plate, (b) oven,
and (c) RTA.
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Fig. 3. Current-voltage (I-V) characteristic of PSCs
with hot plate, oven, and RTA annealing.

Table 1°1:= Fig. 30l vetd 2+ 4 &4 234E =
Als] YERRATE Joo] 7F-9-, G E, RTA A2 ¥4
o] Wt Z+2F 9.05, 6.23, 7.82 mA/cm’E ERIEFo
), QB0 g A&AZ £ax7t 7Y 4% g e
th VoS A<, 22} 0.89, 0.89, 0.86 V7F EolE]lo
™, FFO] 7<%, 0.48, 0.48, 0.61=2 FRI=|gct SUst
242 Aol olfg 3ol Aol s A3
UjHo] FAH HZHA70|EQ] o2 QI8 eht 2
T2 sttt oo wket ECE= 2.67, 3.79, 4.08 %
2 ZRIFeH, FF7t 7Y <=3d RTA A2 #io
2 At 220 FHAH EAo] 7 ek Aoz
ERl=| et

Table 1. Photovoltaic properties of PSCs with hot
plate, oven, and RTA annealing.

d

treZZitem (. AJ/SZmZ) X,) FF h;%i Fig. 4. Optical microscopy images of perovskite

hot plate 623 0.89 0ds 267 layer with (a) no treated reference, (b) hot
oven 9.05 0.89 0.48 373 plate, (c) oven, and (d) RTA annealing.
RTA 7.82 0.86 0.61 4.08
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Fig. 5. FE-SEM images of perovskite layer with (a)
no treated reference, (b) hot plate, (c) oven,
and (d) RTA annealing.
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7F 25 AECMNE A AT & A
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Fig. 6. Cross sectional FE-SEM images of perovskite
layer with (a) no treated reference, (b) hot
plate, (c) oven, and (d) RTA annealing.
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