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Abstract

Perovskite solar cells, which are classified as the 3" generation solar cells,
demonstrate good flexibility so they have the potential for a large area and light weight
solar cell fabrication. Currently, several techniques are purposed to be used to
develop perovskite solar cells. In this work, hole transporting material is modified
where a single layer (Cu,0, CuO) and double layers (Cu,O/PEDOT:PSS, CuO/PEDOT:PSS)
of hole transporting layer were fabricated for perovskite solar cells. The power
conversion efficiency of each device was analyzed and compared with the reference cell.
It was found that the maximum power conversion efficiency of 7.82% was obtained
when the double layer of Cu,O/PEDOT:PSS was used to transport hole. Physical
properties were examined using X-ray diffraction (XRD). The light absorption and
transmission properties were analyzed using UV-vis spectroscopy. The morphological
characteristic of the film surface was examined by scanning electron microscopy (SEM),

were hole transporting layer was analyzed in more detail.

Keywords: Perovskite, Hole transporting double layers, Copper oxide
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auvutug uagliidu Moo, agsenienszaniadouasthlnihduieslaniiuoanled (indium
doped tin oxide; ITO) fu PEDOT:PSS annn1snadsunuineadilasunisuiulgaudals
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Fumasovalng way PEDOT:PSS wdansufulgamudn PCE voneadiild CuSCN/PEDOT:PSS

376



Rajabhat J. Sci. Humanit. Soc. Sci. 21(2): 374-384, 2020

WU 10.90% Fefistuaineadiindid PCE winfu 9.10% (PEDOT:PSS) Lee et al. (2016)
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nadeunuantin i venraduatofingfiadstudeyanadeulsy Ansain
mswasundanunaadundsnulnin Ineldundsndauafidanudunas 1,000 W/m’ AM
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YOWAAANNTENU dMTUTEY Cu,0 uasTinuldAeLatisALEIAaLR LA 310 nm Tuly
Lazuasianusansar uilduldAfeuagIsmINeIAdY 355-1,000  nm FIdN CuO
ofliuasiiilanuenimawnnmii 280 nm negula TPERMNZIETAEIAAY 360-1,000 Nm
dornulaninnin 50% Aau Cu,0/ PEDOT:PSS LEsANETIAA LRI 308 nm @358
negrle Tnouasdasnnuenedy 3451000 nm ansnsavearuldfiinnnines weasiian
ASENU uaz CuO/PEDOT:PSS uadriugaanasenanausaus 280 nm Tulvamnsodessiule
wazdosrldRINNNg1 50% Aouasa 330-1,000 nm wasTiansaaeuTinutulaald
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Figure 1 A) Transmittance of difference hole transporting layer and

B) Absorbance of perovskite layer with different hole transporting layer.
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MMl 18 (Figure 1B) uansmwannnsnmsganduuasvesdumesenalnsd
adauutuilearietutsenoudae PEDOTPSS anunsnganduuastueniueina 400-760 nm
fnnnssntdulFiFeuionn Cu,0 uay CUO ganduuam s ieAiy 200-760 nm T¢nnmh 90%
YosuasTinANTENUTIEY Cu,0/PEDOT:PSS Way CuO/PEDOT:PSS ganAwuLastas 400-770 nm
Ihdeuismue  lefinnsanainamuazdeyatnafunuitguuuumsganiuuasmosdaiidy

wesonalnaviunilulludnvasideniu wavganduuasldfnvainiueiaiu 400-770 nm

Figure 2 SEMimages of A) PEDOT:PSS, B) Cu,0, C) CuO, D) Cu,O/PEDOT:PSS, D) CuO/PEDOT:PSS
hole transporting layers and Perovskite layer with different hole transporting

layer of E) PEDOT:PSS, F) Cu,0O, G) CuO, H) Cu,O/PEDOT:PSS, 1) CuO/PEDOT:PSS.

9Nl 2 (Figure 2) wananmaneanndesanssmididnaseuniindesnaia Mdwens
5000 i1 AWl 2AC (Figure  2AC) ﬁaé’ﬂwmzé’myumaﬁ\léuﬁﬂaaLLUU%uL?{m louwn
PEDOTPSS, Cu0 uwaz CuO  miud1dy 9nguasiiiuldinfidutnloadts 3 vlndvurandn
ashiawe FeuidouasiBenlndifety uasidodunafidutihleanuutug Cu,0/PEDOT:PSS

uay CUO/PEDOTPSS fluandlunmdl 20-E (Figure 20-E) nudr¥aqurlaaii 2 vda dwuia
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CUO/PEDOTPSS fan il 26 (Figure 26-)) Saunandnlngnintuwesendlndialundovas
UUTldL PEDOT:PSS Al 2F (Figure 2F) sghadiulédn Fumnedmsuldlunisadaead
waseindinesenalnd 1osnnwdnvinalnguesiidumesenalndazsiliannsaganduuads
Hueeeisail Xiong et al (2018) ua Yu et al. (2017) Wnamillumiise
waduasfindmosondlnsifiainede anuiileans 5 4ln 1#3unsinsevinaandh
msliivessad WeRasanamil 3 (Figure 3) wuinwad §198 Wi owwadfiadaae PEDOTPSS
faranunuinuunszualvingn9as (Short circuit current density; Joo) wagusanulnigas
\Un (Open circuit voltage; Vo) ﬁiam’hw‘hLﬁaLﬁeruﬁuwnaéﬁiﬁ?ﬁ’a@ﬁﬂaa%ﬁm%u il PCE
YougadiAwnI R anslun1s1af 1 (Table 1) wadenedaflan Jo Voo waz PCE Wiy 10.56
mA/m’, 068 V uag 3.82% muandu druadiiliaguileadiu Cu,0 waz Cuo fmswasuudas
999 ). WNWRANAIS BnviedainmsiinTuves Vo egnafiulade ﬁﬂﬁwaéﬁii’ﬁaqﬁﬂaa
2 ¥faliiiAn PCE 1nnils 5.25% uae 4.95% Liloaannilan Vo Winfu 086 V uay 083 V anuansy
Slefinsanwadilitaginlsauuudug nuh Ve vessaduansaisndntioaidioiieudio
ﬁuwaéﬁiﬁaﬂﬁw Toauuusuiien (Cu,0, CuO) usl PCE vauwadiild Cu,0/PEDOT:PSS wax
CuO/PEDOT:PSS ndutiinduds 7.76% uay 6.85% muddu iunasnnisifiuduves Jsc

Fauansly nndi 3 (Figure 3) wazans1adl 1 (Table 1)

C1o b,
3 .
£ 8
2
w
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S |
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c
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(9] -o- CuO
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Figure 3 J-V curve of perovskite solar cells fabricated using different hole transporting layers.
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Table 1 Electrical properties of perovskite solar cells

Hole Transport Jsc Voc PCE Rsn Rs
Material mA/m” v % Qcm’ Qcm’
PEDQOT:PSS 10.56 0.68 3.82 361.08 28.50
Cu,O 10.02 0.86 5.25 474.06 8.94
CuO 11.37 0.83 4.95 311.30 11.83
Cu,O/PEDOT:PSS 13.47 0.84 7.76 322.17 4.64
CuO/PEDQT:PSS 12.49 0.84 6.85 490.19 4.92
20 30 40 50 60 70 80
T T T T T
A (111) —— Cu,0 Experiment
(200) —— Cu,0 COD
(110) (220 310%?

>

£

%]

3

‘E‘ B (11in (022) —— CuO Experiment

= —— CuO COD

(202)
(
(110) Jt (202) (113) | (90 (222)
At . M
| R T |||. “Iu.umi \
20 30 40 50 60 70 80

2 theta (degree)

Figure 4 XRD pattern of A) CuO and B) Cu,0.

RN 4 (Figure 4) LLammamﬁmezﬁ@mauﬂﬁmqmamwﬁaammﬁﬂmﬂgmquu
vae5i@ond wie Xray Diffraction (XRD) iterfunstusuduansiiistu Tnevhmsdnsziildu
U0 waw CuO Tiwledu Faesa 20 Wity 20°-80° HeINMTAATIETEN CU0 wansfia (Peak)
iy 26 Wiy 36.50° (111) wae 42.40° (200) Lﬁaﬁmmﬂw%amﬁaugmwu XRD #ildannnns
3Lﬂ$13ﬁﬁugﬂuiauua Crystallography open database (DOD) ‘W“Ui’lLﬂugﬂLLUUﬂﬁLgmLuumm
$dendanansuseneu Cu,0 fauandlunmil 4A (Figure 4A) A mSuran1sIATIERl&L CuO
uansfiafiss 26 Winfu 35500 (111) 38.64° (022) uae 48.86° (202) waziilefinsuIsuliioy
ﬁ’ug’m%mﬂa CcoD ‘W‘U’jﬂLﬂugULLUUmiLgﬂ’JLUM%@%L@ﬂ“ﬁ%@Qﬂ’]iUWﬂ@U CuO Fauandlunwil 48

(Figure 4B)
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anusiena

wankaseindinesevlalndfasiwetaninleasuudualivssdvsannsiufsunas

o o

Julnihandneadiildianileasvuduieazivadsndaimanddunised 1 (Table 1)

q

=

Fudunasnanmsdemuiiivesasdutannusnadurewaiefingiuduileans 2 in
fifusvansamnisdesinuludstumesenalng 60-80% wswatiinnnsznudininil 1A
(Figure 1A) USsnauasiinnnsznusumesonalndaediusuinannn wazdunesendlndfindeu
vulamileaaesiai arunsogandunaserfinddnnnsenulfiduognad fusedvinmms
gAndunaayiniy 98-100% Al 1B (Figure 18) Faidunasnandnwvasdugiuiinvesiidum
osovalndfifindnvunnlug vilkgandunasliifueened Yszdnsnmveeaduaenfindin
oserlalnFFaiuty Tnsnuideves Zou & Ding (2015) ua Yu et al. (2017) fAwunaludnveud
Adeiu na1dRendnvwIalrgvesiiduwesealndazauisagandunaslaanin Ml Jy
17'ilﬂufjﬁ]ﬁaﬁ’lﬁ’fﬂumiﬁﬁmwﬁwﬂazﬁw%mwmmﬂ?{aumLﬂﬂﬁ/\lﬁwﬁﬁ%ﬁ'wﬁu \osannng
ANAIIEIANLAUNIUBYNTY (Series resistance; Ry) vonadildTanuiloauuudugduandly
An37a7l 1 (Table 1)

Srmilsdatedviliusyavsnmnadsuwandulnwitueneadilldsaminleanuudug

o o

LLamaquﬂaaLLUU%uLﬁmﬁmLﬁuﬁuﬁamﬂmﬁummaq PEDOT:PSS dearmiunsaiioziin
nsounszanii i LLagﬂizm&JLﬁﬂqj%uLwai@‘l/\la"l,ﬂﬁﬁﬂﬁﬂixﬁw%mwmmmjaﬁamaﬂ NUITY
989 Hou et al (2015) lgvin1sunsnansiedatn MoO, Whlussninsnszandali MO way
#u PEDOT:PSS Lﬁaammﬁéfuﬁaimamaizijﬁa@ﬁgmaq damaliuszansnmuesvadiiuty
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