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Simulation of the interface layers effect on the efficiency of planar
perovskite solar cell

Gholamhosain Haidari'*, Forough Hodaei!

1 Department of Physics, Faculty of Sciences, Malayer University, Malayer, Iran

Abstract - In this paper, the effect of interface engineering in the construction of a planar perovskite solar cell was simulated.
For considering the interface between active layer and adjacent layers, the two layers IL1 and IL2 were added to the
conventional structure of the solar cell, due to the surface roughness created during the fabrication. As the most important
property in optical investigations, the dielectric function of two interface layers, were estimated by the Bruggeman effective
medium theory. The effect of the thickness of IL1 and IL2 layers on the efficiency of perovskite solar cell was investigated by
using TMM theory and FDTD simulation for this developed model. The results show that the thickness of the IL1 and the IL2
layers have a severe effect on the parasitic absorption of the active layer, which should be considered in the formation of planar
perovskite solar cell.

Keywords: Perovskite solar cell, Interface engineering, TMM and FDTD method, Bruggeman effective medium theory.

#ay
wil o s JEWWWLOPSIIE culu yo a5 canl jlacl glyls &0 53 dllis sl


http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1617-fa.html

[ Downloaded from opsi.ir on 2025-11-06 ]

YWAF oot VoY Olpl Saigiad (559Ld 9 (cwiiteo (il JS (oo d 9 Sigi 9 9 Syl (il J205 (o Loz 9 o

) Ol 0j9 5o Sgazme Jola s, 5l jskaie cnl (gl
33,5 solaw! (FDTD

Silwancd o solawls yg0 b gogy -Y
FDTD GSJL“"M Ui’ﬁ) -y

CYslee > goas slais, 5 S FDTD i,
09 sl y s FDTD (9, adgl o oy o JgmSTlo
loadlze oS ol 005: " " caSe Jobo L5 50 ]
)bt glad alize LG )0 punblineg 2SI ylae
o Pl 595 S a4 Sl e g e ek
Las (SUitly 585 5 5o pslaie; i85 oo drmlons
Sl 60 b padls a4 ks (Sl s o o
— i CaS po ] Jolae b) (pegpge - i
bwgs (olwgn sk slge slp a5 adlioe ((sog9e
ol Lsﬁf‘))“b‘ ‘.‘a.ufo @)’U le‘bu"’ﬂ) d.la...u‘j.: uLﬂ.ﬂ.?u»
5L FDTD (giloarcs bl sl 0] (V JS2) o

5,5 esliiul IS yesd (5,580 5 Larsee

Au:100 nm

Spiro-MeOTAD
(HTL) : 400 nm
» IL1

ChsNhsPbls :500 nm

L 112

TiO2 (ETL) : 50 nm

FTO : 400 nm
T

295 ol e

gl & bl s (s n Jobo o9 Saled ) S5
sobee ¥ iyl ol K8,5,8 Sase 0 bay S e
W 5 0l S5 4Y g0 L ETL 4 HTL &Y 40 L MAPDI3

5o oolaiwl 850 Jow  IL2 5 IL1 23,8 s o b oS o Sepla
FDTD (gjlw acd Cgz Jobo cpl 51 o ools asuwgi (g jlwancd

! 00l solazwl

(Bruggeman) :yoS gy 5 g0 dauxo (o9, Y-V

> (ogpge ek S SSUl 6 @l (385 ks s
99 oyl s ool JISTLY g ILY Y (¢l zoe ok

doddo =)
Wged )Llo b alive (sl JLlo 4y 0wy Ll
S e Sy o sl 00,8 0, CaTiOs oyl
Gandyss Jshe sly 45 aisbe Lls |, ABXs
X g oy B eoguigal Jiio 332 A 09505 ChaNhsPbls
(ChaNh3Pblz) 50y o pes pomigel Juie bl o dlla

ol 5wl e /00 eV aiins cSwil b bl dog
Gl e b ly s Ol SO s
4 WS (oo (Byre Gl ys> ok JlSle )0 (gl )95
g Blobes .ol (Byme Voo Jlo )3 55 )b sl 6
sledsle jo 1) SLegls)l lacalSug (1) S
g Loy 5 4 (DSSC) XS, & wlas (gouls o>
aslol yo [V]wis,gl caws 4 |, AP Sgd> ;0 a3k
Godye> ladshe (o) n 4 gouse lide
ol ) @2 e mls g sy ey
2a0,gl Caws 4y Sl Galize slayug, L YL o205k
Sl [V18les,S 3,18 1) ~AYY asil ol 1,5
sodobe glyl jem wad S8 S S)lse e
@5k 45l (s sladobe oz 5D ot yo5
GiAl mle by ;o Ul gin e Jsb s
$edy9 Jobo cSle ln wigd Soolatdl ( Lend
slal> o 93 9 SO (i3> Sl Y lagty, gl
S0 S3U sl mhaw pwsige Gleo (pl )0 0,00 392
Gt Ll ol i s pge o sloanS
S Babd ol o [TeV]ablco sl 5 sloJolw
99 ¢ ¥ & ie yuled mdaw 4 aluly SISl gy
5 "oy onied jeue ¥ sy 4V (i Fhe Y
Cod M0g Sl enins joe A [l Y
&SR TLY o ILY by a4 bay ) e oo
93 (roughness) (s,lgenl alwlsa; adly,s (Wuys,5
WY S ) ples Joe lgies coeles Jome 0 Y
=l 5 @b sl 5l (oS 5 45 Sy (jealS
sl gl giluans 4 Guass ol o () JSS) el
STLY ¥ 50 ol 58,8 Sl s g Lok S
Jols) goediysr Jobo Jbd Y i b TLY

R oww\of (LS;’)? ‘5'» u.Ja 9 61?‘..\.» u‘).s‘

0l o s HEWWWLOPSIIE culu yo a5 el jlacl gyl &0 53 dlio sl


http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1617-fa.html

[ Downloaded from opsi.ir on 2025-11-06 ]

YWAF oot VoY Olpl Saigiad (559Ld 9 (cwiiteo (il JS (oo d 9 Sigi 9 9 Syl (il J205 (o Loz 9 o

gy 3l el ey b Joho siludnds slaclg>
gy S 0,5 oolatwl TMM (6,455 g, L FDTD
A oolaiwl cdie Jaze o (g0 5| TMM

g e Y

Olss b3k Olgs TLY o TLY (900 anly Jskow (sl il o

al Jsbo JLsle S @ bape gy Oly 5 29

s S 3T SS9 a5 wisSilan 09,5 (slutens

Jsb 3 eolaial 50 dlgo CnSlh o o S (0] &2 o

29,5 colaiul Gz s zge

3 el &le il Jsho i 5 sl
Au/Spiro/Perovskite/TiO2/FTO

100 nm/400 nm/500 nm/50 nm/400nm

TMM (b9, b ondiaruloxe JS U5k Ol oo cuiillas
3ot Como 3l e (¥ JS5) FDTD iy,
w85 5l 0 Wl oo FDTD oy, (elal 438 Sl
F0lg bl sl ok 3 4 cde 4 0pn

Ll Jho 4y Su03 (5 900

1.0 \ . % \
N
I Iy " e \ /
0.8 ! 1N /7 V]
I .1y I
; | 1 / \.
o 06 \' = -Total absorption (FOTD) {/
= Total transition (FDTD)
g = = Total reflection (FDTD)
o 0.4 & == = Total reflection (TMM) b
a g \
18 3
2 \';’I[\. ) ™ !' \
R AVASAY,

T T T T T 1
300 400 500 600 700 800
Wavelength (nm)

Jobo & borje 0i g h0e B3k U5 Ol sla g ¥ IS0
oad oawnlisl S oles FDTD lawgs oo sjluwand 4l culwg
ol 0als ool s By ) 90 dunlie gz 3o TMM g, 4

8 lr 9P iz aas o (LT JS8 oS S5 Lo
3o,8090k odgaze o Ldz (pl o)l vemg Ll
oSy y B @ az g b aS S o lay ials cada
L Js.o.sus (/\‘ < nm 05..\}) \-\NJL"SQ \,() eV J;of ’LY
Iy Bl gy Jobw Ll aslol jo o) oo Hhas
Gisle 1 IL2 g IL1 5g,00 (6 Y 90 g 00ls dswgs
Ay g pl gl bz o diged [0 0e0,S aSla
Fenm Yenm N enm o shcwls Gljer Ojgo
25 G Oyle 4 s )5 ks o |y denm Fenm

S 5 aS Wl g limle &8l s oad 08y o> aY
sl oo S ie mhaw jole 4Y 98 i

n, k- Ch,Nh_Pbl,
1
I
1
=~

T
300 400 700 800

500 600
Wavelength (nm)

K) so5250 5 (N) chd> CanSll o po 5o lade iules :Y JSS
crd ol Glwgn osle 4 by zee Jsb co
2l 00y, b8l [ 0] & o 5l eolainl 850 sl cusSs

Luoms sy 3 oolitul o, Ky USiie )y ase sl

oS5y Hge ka9, 5l Badod (pl yo ablise e
ILY 5 IL) clay SyiSil oo al dple cqx
I71ous solaul

& —& E,— &
f 1 eff +(1_ f) 2 eff :0
& + 26 &, + 26 )
90 S Sl 60 &l EY 5 €Y ¢ o> S S QTJJJ
ML’GA )J§A AJY &)ﬁl L) é’l" Eeff 9 )5l:>u: Ja.ou
Eeff u.u..x.: 61): mo; ul}b..:‘ '/& Jg‘)..!f R u.:l )d
e gael e lansms )5 (605 ((5aF g g, bl
IRV
(TMM) JUS! s ylo (g9, Y-V

Bl oo o 5 Sl Ghgy nl 2 @Sl 688
Oygo d GlaYoizr g (IS le (Gl cnl 5o

POy e s )
iSindy

B Coso, 1
HE S Rl R
in,Sind, Coss,|) Mk+1

colan M@y e cuwlxs B 8, ey slow K as

Solite Pgs ikl (glp S Y ol 5,8 ol
s (R) 20656 5 (T) Houe olg5 calesyo bl oo
03,5 yee b oo Objl wada |Eg|2ssg, oo

A=V-TR sl ol Ol Gaz 590,85 o0 iy o5

Joko 3l plnil Cono (o) p sl p Bow (5o
cdlas 51 FDTD (g5lwads by, dbowgar (s9ud )95

0l o s HEWWWLOPSIIE culu yo a5 el jlacl gyl &0 53 dlio sl


http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1617-fa.html

[ Downloaded from opsi.ir on 2025-11-06 ]

WAF g )e-IY

Cale Ghs, a5 (59554 998 00,1055 2 (5305 Curesl
Jad 5o 655 e a5 23,8 QLI slaga b 028
shbblay Koo le sl 900,85 sbul Y g0 S i

il (Roughness) (s )lsesl o ieS

G54z -F
MAPDI3/HTL sloasy S i mhaw 3 (5 ,lgenl 3G
sy 69wt 93 Jsku o Slas ,y MAPDIS/ETL
GaYes sl ul gl WS cwyp g Gileand
Jsbo Sylaie JLSbo @y g (Byme IL2 5 LT (5500
30 Y90 (5,lg0al alawlgay a5ay0 T adlsl oSy
a8 Sl (j9ealS (o5 4 B9 slaaY @Bl 5
«$° é“l’ w.o.?u 6‘;: S| OMJ&”) UT )9l>uy ools 9o
Loz g 5l (B9 ae 4 99 ((sogge- i) S¢Sl
Jsbes 5l oolazwl b aslsl jo 050 ,5 solawl (o5 50

o w8 gileans gand e Johe Jd 4Y Sy

e >l 0 ohg 4 a5 s o plis gileans

(oo b il 4 Koo b man ke 4 Kooy
9 ILL Glaa¥ culis 4 Sal 4 Jld 4Y i i
S ebsrie gl Y Culies Lyl b g Cosl aaly IL2
gl (ooaige plply 035 (o0 Ll i (e
Sl b s ($2Swg n sla oo Cli o S e

25 B azg o)5e

&=l o

[1] Yusoff, A.R. and M.K. Nazeeruddin, Perovskite Solar Cells
- Fabrication and Characterization. Wiley-VCH Verlag
GmbH, 2019 (The initial version is usable, now).

[2] Ulsan National Institute  of  Science  and
Technology(UNIST). "New world efficiency record with
perovskite solar cells." ScienceDaily. ScienceDaily, 25 July
2017.

[3] Zhou, H., et al., Interface engineering of highly efficient
perovskite solar cells. Science, 345(6196), pp. 542-546,
2014.

[4] Yang, G, etal., Interface engineering in planar perovskite
solar cells: energy level alignment, perovskite morphology
control and high performance achievement. Journal of
Materials Chemistry A, 5(4), pp. 1658-1666, 2017.

[5] Ball, James M., et al., Optical properties and limiting
photocurrent of thin-film perovskite solar cells. Energy &
Environmental Science, 8, pp. 602-609, 2015.

[6] Choy, T.C., Effective Medium Theory: Principles and
Applications. 2016: Oxford University Press, 2016.

Voo

Ol Rl Sigigd (559U 9 (owiiten (il S (o g Sigi 98 9 eyl il A5 (oo )0 9 S

i onl g wilioe GLSGIL2 5 LT el aiges
LSy ot b Y 93 S 5iie 550 )3 45 W03 5 0 43U
sl Y b 008 o puS oo loa¥ culrs
il s @ 45 500 Cslies L IL2 5 ILT oy e

&b FDTDL s TMM g Sloslone a5 alonil g
LILZ 5 ILL slaaY (cogpgeind> o SUl o0
WS drulre (059 i e (5595l ol
S i Jad sl Cwbrd agye 4yl 4 azgs b
023, Sl egilh 00 wiz 4l 5l g S5 L
L awlae ;o FDTD (gjluaccs oy, 5l oolaiwl ccuwl
ool a8l SEds Wlge TMM (565 (3,
By WY G ol leasd
51 L5 cononls damgs sk (Ch3NH3PDI3=MAPDI3)
Yy a8 cwl pd pl s S eslatul FDTD s,
OFenST adg g wdl oo BT (G093 Jolo Jlad
S (ooglsS 035l (8,5 Sla o b 09 F e e
Sl anlB )0 wily o g cnl plod oo )5 V - ¢
Sz @3 ceb cnl nl b sl 3 )ly an o Jske
3 e y9> ok 035b 5l (ctales Wil (oo b Y

IRPWIFUE SN
1.0
A e S
0.8+ » &
S o8] f
8 !
£ I3
g o4 M/ —— 1L10L2: 50 nm
2 =t = = - IL1,IL2: 40 nm
CIg | - IL1,1L2: 30 nm
e (Y4
4 —-— IL1,IL2: 20 nm
=--= IL1,IL2: 10 nm
007 eeees IL1,IL2: 00nm
300 4(‘10 500 Gl!lo 700 860

Wavelength (nm)

Gy Jokw MAPBI3 oY Si> od> b @ F SG
IL1 slaa alize glacwls gly oabosls anwg £oSws

baige sdod 10 (sond 95 Joho J5 Cwolies il oo (S yiin
el oas ol VEAY M ol lake

ST Y JSS b awlia o F S 5l a5 agSles
Coond 4y S0 Jd Y S Ol 005 oo
Loy gondyor cilo ol o ylion) il bl ol
L1 Y cubs b cov ous 4 (Cusl 4l ol &
e oo plas |y gagads rals g 0,5 o S8 1L2 4
ghae (g Jobo Sl o mhan pwiige o) 0

0l o s HEWWWLOPSIIE culu yo a5 el jlacl gyl &0 53 dlio sl


http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1617-fa.html
http://www.tcpdf.org

