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Investigation of the effect of MAT and PbI; concentrations on the

properties of perovskite solar cells

ALT MEHDIKHANI'-*, ARMAN SEDGHI', ROOZEEH S[AVASH MOAKHAR-*

and NASTARAN RIAHI-NOORT*

IMaterial: Enginesring Depariment Imam FKhomeini Infermstional University, Qazvin 34145896518 Inm
*Miroo Fecearch Inctitute (WET) Mon-Metallic Muterialz Becearch Gronp, Tehmn 1468613113 Inn

¥ Anthor for correspondence (roazbehrimachizgmeil com)

MT recatved LE Angust 200%; socephed 19 Decembar 2018

Absiraci. Here, the effect of perowshiie: liyer guality on the performance of compect-TiD; ‘mesoporous-
T/ CH; NH; Fhl; fearbon solar cells was imectigabed . Diffarent parovzhits layrers srare preparsd by varying coosspimations
of Pbl; xod CH;NH;1 whils resction temparaturs and dippiog tome wers  xad. The rangs of concspimtions for Fhl; and
methylammoninm iodide (MAT were | 1.43and6 10mgml—"_ respectively. Fabricated perovzkite lavers were 13t conbed
by carbon electrodes { S-layer) and then, the champion one was coated by Spiro-OM=TAT (a: a hole fransport maderial) and
An-maporabed lorer 2z a cathods (6-layer). Fabricsied  low ware fully charscterizsd by 2ld amission scapping slevron
microscopy. Xy diffaction anshyziz. U Vis spectroscopy and photolommescence spectram. Photovelinic properties
wene meazared nnder AL 1.5, Ouiput currests of S-leyer cells were i the ramge of 228 4764, of which the highest on=
was obtained by using 1.2 M Fhl; and Smpml—* AT Ultimatsly the marimam power comversion of ciency of 9,196 was

obininsd with 6-Loyer call.

Eeywords. Perowzkite byyer; MAL Phl; zolar cell; optimizstion.

1. Infreduction

The use of a solar cell, a devies for dirsct enerpy cooversion
from zolar epergy to elecmicity, ic an sccessible and emvi-
roamentally friendly way to overcome the problem of global
warming znd uge energy demands [1 5]

Perovzkire zolar cellz (F2C:) or inorganic organic halids
PSCs with general erystal formmia ABRX; (CHoNHPX;, X
=1, Clor Br) [6]). They bave depictsd a remaricable opeoeles-
itropie property inclodieg direct band gap, large absorption
coef cient in the vizsible spectrum, both electrons and boles
with loog carmier-difucion lengthe and high carrier mobility,
which malkee them ideal candidates for photovoltaic applica-
tioas [T 10].

Orgamo-metal kalide perovzkites introduced 2z a sensitizer
im liguid el=ctrolyte-bassd dye-sensitized solareells (DSSC)
had achisved 2 power comverzion ef cisncy (FCE) of 1.8%
[11]. Lateerdy, in 2012, fhe  rst solid-state PSCs with 10,994
PCE: were produced by two-step Sabrication process [LI].
Kapid enhapcement in the PCE of solution-proceszed PSCx
haxve been achisved in the past three years. Hecenily, PCE
= 20%% bz been obtzined, which iz comparabls o thar of die
commereizl silicon solar cells [13].

Different layouts of PSCs inchuding divsct (o-i-p), iovert
{p-i-o), plamar (chic- Im) or porous (censitized), muccesz-
fully achieved FCE of =153% [14). Differeat fabrocation
methods cootaining ope-step precursor schuticn depocition

Published anline: 24 April 2030

{0OSFD) and two-step sequential deposition method (TSDM),
dual-zource vapour deposition (DEVDY) and vapour-assizeed
sohation process (VASE) were applied to fabricate these czllz
[15 20]. Ampag them, TEDM iz a simples and comvenient
msthod thus, man ° - N o
dharing recent yean
by zpin coating, &
immersion inte m
predeszrmined tex
The MAT and
role in the formal
soncenration rang
the most imparm
[15 26], L1 [27],
33] for Fbl; and
Tmegml™ [25] fo
tration ranges of |
for Pbl; and MAT
conditdon for perc
formanee of fabric
conductive az a &
mial (HTM). Furd
perorezkdee layer 1
parformance was
the Spare-OMeTA
elecrods.

Carbon

TiO, and Perovskite
FTO

Glass
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Recent Advances in Plasmonic Perovskite Solar Cells

Roozbeh Siawvash Moakhar, Somayeh Gholipour, Saeid Masudy-Panah, Ashkan Seza,
Ali Mehdikhani, Nastaran Riahi-Noori, Saeede Tafazoli, Nazanin Timasi, Yee-Fun Lim,*

and Michael Saliba*

Perovskite solar cells [PSCs) have emargad recently as promising candidates
for next generation photovoltaics and have reached power conmversion
efficiencies of 25.2%5. Among the varlous methods to advance solar cell
technologles, the implementation of particles with pl. ic effects s
an alternative way for photon and charge carrler management. Surface
plasmaons at the Interfaces or surfaces of sophisticated metal nanostructures
are able to interact with electromagnetic radiation. The properties of surface
plasmons can be tuned specifically by controlling the shape, size, and
dielectric environment of the metal nanostructures. Thus, incerporating
mkmmmmlnsdumhhmﬂuapmbhsmm

the enh it of energy efficiency malnly in
alﬂi—nupm solar cells. One pﬂunlﬂr Interesting option iz PSCs with
| nic str enable thi h ic absorber layers without

nﬂnpl:nldng their thickness while ruhrlﬂlilla high light harvest. In this
I!mrlur the effects of plasmenic nanostructures in electron trans port material,

ite absorbers, the hole transport material, as well 25 enhancement of
alﬁdﬁamimﬂmh:lm:ﬂfﬂmnﬂhnlndﬂumdh[aﬂhrml
perfermance are presented. Aside from providing general considerations and
a review of plasmonic nanes tructures, the current efforts to Introduce these
l inic str Inta semi-tr. tsolar cells are outlined.

¥

1. Intreduction

Leow-cost, renewable, and carbon-emission-
free energy sources have attracted sclentific
research interest in recent years due to in-
creased energy demand and the adverse eff
fects of global warming, In orderto enhance
or aven replace conventlonal silicon solar
cells, new technologles such as quantum
dot salar cells (QDSCs), dye-sensitized so-
lar cells {DS5Cs) and organic photovoltaic
cells j0PVs) have emerged. Recently, this
was complemented by perovskite solar cells
(PSCs).

A perovskite is referred to any material
with the sama crystallographic struchure as
the CaTi0y mineral. For photovoltalcs this
fs almost aexclusively an organic-inorganic
metak-halide compound, referred to gener-
ically as AEN, {Figure 1a)l! The ABX,
strachure s composed of A = Cs, methy-
lammenium  [MA), or formamidinium
(FAJR2Y B = Pb or Sog¥ and X = Cl,
Br, or 1E] PSCs hold much promise for
photovoltaks becanse they combine high
power  comwersion  effidencles (PCEs)
exceading 25.2%5 and low processing

Dr. R. Siavash Moakhag &. Seza, A, Mehdikhani, Dr. W, Rishi-Moori,
5. Tafazeli, M. Timasi
Miroa Research Institute, hemistry and Materials Division

D 5. Masudy-Panah

Electrical and Computer Engineering
Matianal Unieersity of Singapane
Singapone 115280, Singapore

L)

El.pdmu

Nun M-szllr_ M:ben:ls Group

\Y

D 5. Masudy-Panah

Low Erergy Electran ic Systems (LEES)
SingaporeMIT Alliance for Reszarch and Technel:
Singapore 138502, Singapore

Prof. ¥.-F. Lirn

I restitube of Materials Research and Engineering
Agency for Science, Technology and Research (A%
2 Fusionopolis Way, Innovis, #08.03, Singapore 11
E-mai: limyfgbimre a-starsdusg '
Prof, M. Salibal*l

I nstibute of Materials Science
Technical Unpeersity of Darmstadt

S00um

m. [

}ya@}}/éjf1)éf W)AJJU&)}L&‘QW}J}SIJ



Y44 e 94,\.«3(_9: dl.n/‘_;},s!‘,é,gw,;_,m 4l

\Y

P (515LS axwgi ¥ 30 L0395 Ulg> 12

oyhie 4,08 3 Sabe (g Sl ks 4 albarng slo)9lS 8,Sug; 9 s gl wl; YL ey 4 az g L
2L 5 o 5l (Sailecde jl T o> 5 ol mhaw i)l 5 5o G5l 35290 Slagaialy g looud b Lais
Sl (alliils S 5l Cole b 5 Coio )5 6l (555Ld anwgs 35,50 Bl o g Glris,sld 4 SRS
Soo sl e 5L (55l (e Glaoen g lapsb sl 5 (S Culae g Gln s slacS o
i 4 s Lol 5 0,0 anlys ool )3 Sp e 2 ) ) egansily anwgi 5 5550 00 R Slrge 50

3,5 waly> B Lagh STre s Ol (IS SlalS 1 ln Ty SYL 03938l (5l b Y gaze alds il

Wb (o0 2 e 4 6l ol Jad o i s 90 o Gl 8 g, 0l

2 gl gs)su Axwgi 3 yo 51 eolazl @w‘ 9 D sy § TSl
&y o 59 odighpaidgS o Vb )l > JEI L sla it 53l
Sl Joae Glagtunws

20 $6 (559U anwgi 35 5o 4 polie lagtdy $b colo (8wl 4 oltws 2
By S0 Ag glady) ;o 55,95

39 b (555t dxwigi 35 ro EENSRYSE INPVRE WP R WL POt BpUWSTIr e ST O Bl |
Il ol by g of o gleond J 58 cya LSLugils

bk

20 99U (5,9Ld anwgi' 35 yo 5 Sdos 003590y sl 33589l (Smiodes oy 4
Sy S0 Sy, slagses,

20 99U (5)9Ld dnwgi 35 yo S Sos 0ains39:02 sla S99 8l (Sriodes w5
Gy cxo &> o DYl

USRI sla 50938150 5l 50 0 e 5 (2] esllygies (95 6
By} Sxo gy slagses; o Shoe caind35.

AT LT sle 50385l 5l 6510 ne s 5 (2l Jeall s (g 7
By o g O ,Slos 005D g

ij. AK&.AJ}'/LSJJJ)LBJA W):)JU 6)}[3.5 W}S;Ja



44 )L@.} ?wwr}: JLw/djj‘jdﬁW)b‘,lu MU,"

s oS Sl @le gy 5l 00S oolgils G Cih )0 UgyS el (230 Sl 0 (lez sl 0 bajs, () COrONAVIFUSUg,S (w9519
Ol 9 (o Aotiges Yl 90,8 oy 290l VooV Jlo 10 a5 Wil (oo jbo (ool B ooles (5995 Lo jr S5 5 (oS slo Zigie 4
alox 5l G5 oo jo gy OlS Cule, pgas 0 Sk cllag gbjle sle diog 4 axgi I el S Jb 0 e yu b oolgls
coledliie g 0gr ) cdadlns Cq ¢ (5 pa Dlud> (5155 pae  sleix] Aol Cole; 0ailS Ssreas lge (Sule 5 iS5l colail

ey (o0 B A 5902 9 e S

Slug) b duder 51 JuBlg )5 (g pg wlrhs oS b g mS ol lp (ol BliaMe

SS Dgan g dngd 093 olyg b dndzr o Cishe 4Ol 5l (g S sl sl (Solol by S0

00,5 csSaler Ol o) So b (ol ulyans S LT, T Ol (o0 LT 6010 3525 Slaug) b 5,09, ol Sy @y 5L LT a5 00 5 i o 0

S Al g (o 2 (Al e S8l g (egee Sellage Gl gtas wiile (GollS Ol Sea b L3 1) (Bl Sledbl sla ol

ol ol le Sale amms bl HEALS ES 5 dan ly |, s 20l Sheads o Jletws alax I SIS olge 5 SIS a3 L 5 0
Al atsly J18 s ls cwiais oDle a5 SLuS e yiws o B awes (18 0 e

RS (o 4."\)‘ ‘) u,uLo.'i ul...")} Q‘J-lj) Q-,'.‘ 0 Qlf.x;.;_f..\io)’lg 9 L')lf..\j).l.:\g: ‘Olf..\.;.zf J).w ‘Qlf..\.;.;_f)bfﬁ als a5 oS Jol> OL;.:.AJO‘ °
ost S 42 QIS S5 Lo Sy o s et g 0 45 S ol £y 4 il ] e ] o] e ol ol
b salys 8IS STl 4y e agee iy colelio b LT Sledlol oS gSie _igie

S gl 9 Al B Sy (b 05 SiS 480) Ug)S g g sle Al b ad Jlen Lt sl p ) gl acli @

o gl Ll e, L b wlyis oo e b aiS o oigBl ol 45 e 4 05 lolits |, ol dilaie b 361 S,

sl 428l oy 55 e oS5 4 b 51 lialsl U T JUinl ogow sl 1, ool aeliyy @

Ml (oS &5 05 den a1 £9090 (nl b oaams Glojlu gy 00l algpl Ug S (g ng 4 SoSiie lgie 4 oliyg, b dud> )0 (pased ST ¢
XS o3lal Ty 03 s les 39, 50 )L g0 g aril anile Hlai o 1) 09> @oDe 55, VF Dok 4 AT 04l oo drogi Lyl 4 aa

il a8l Aol 4a jl e Ky Jlas SEALS ES b a5 0w ) b |y b Jais dab g2y Syg 0 ®

o Jolo limdol ome cnslio 4505 515 S 3L 1 Lo yo g o ooty lSel yp o @

S S 39 g Sl yhe b 6 ea bl (FaiiS ES 5 aen 5l 0

\¥ . T e .
s oSl (G55 5 O Camis 3 5L sl wan g S e



G55 5 Bp crinr 53 S (5553 Anw § S e i pm oRiagn Oleals degd Hlsh SlgEl (w8 S gl 1 gL
MOVAAYY 5 ANSVATEY : a5 o Lo

MVAEFY ;S5 oy leds

http://npc.nri.ac.ir ..,L.,

nanopower@nri.ac.ir . Jews!



mailto:nanopower@nri.ac.ir

