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Efficiency improvement in polymeric solar cells with nano-structured Indium tin oxide
electrodes

Asma Rezaei?, Seyed Jamaleddin Peighambardoust?, Hassan Aghdasinial, Saeed Asgharizadeh?

! Polymer Engineering Department, Faculty of Chemical and Petroleum Engineering, University of Tabriz, Tabriz, Iran

2Photonics and Electronics Department, Research Institute of Applied Physics and Astronomy, University of Tabriz, Tabriz, Iran

Abstract- In this paper, we show that the efficiency of polymeric solar cell with varying indium tin oxide electrode structure (ITO)
improved. Nano-ITO electrodes in polymer solar cells into four shapes like thin film, array of smooth Nanorods, array of rough
Nanorods and array of spiral design and simulated. Then absorptance by the active layer (P3HT: PCBM) of the solar cell was
evaluated and finally the best structure ITO electrode for polymer solar cells was determined. For this purpose, finite difference
time domain (FDTD) method was used. The best nano-structure of polymeric solar cell is related to array of helix ITO electrodes
because a maximum increase in the number of photon absorbed of 43.27% was achieved with this structure.

Keywords: polymer solar cells, FDTD methods, ITO electrodes, nano-structure

AT

] uiee WWW.OPSLIF og 40 (409 (o yiwd 4o byl &b allae


http://opsi.ir/article-1-1410-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

YYA0 Cpags V1Y

Joolis (g, b S 3550 (oo Joke e (loand bl
plosl JLSG pogd 1581 o 5 5l oolaiwl b g (FDTD) (e 058> ,0 dgazxe
By 00l bl (gilwancs 5l Jols gl puad a4 Cols )0 g 0l

Ll 00

Sl (o 5 9 0lge

S ol ot y95 Johw Hls L olal g 81ge

ol il addllas 550 (g o> Jokw JlSlo canms lii ) S
Nbomss eS8y 5| s oy sy ol 8 il Lo
oaid laie 4 (PCBM) pwl e sl G 459-C61- i3 ¢ (PSHT
o as ITO g AL pyiagll aiS o oolaal Jled 0¥ o oaipndy 4
2L 4y lese 4 PEDOTIPSS 4 (LiF)as,gled puid 5 34,5
I¥] wleass Cl).z...ul als

200 nm

30 win

Thickness varies

f:.i Re'e’

FANT POmM

I nm

100 o

Sroek sardy93 Joho (ooges JLSLo (1 o)leds 52

1 90 i 5 ITO s Lo g caslis 4 allie oyl 5 Lo Lol 55 a3
ool L ¥ S 50 4 JLab aY el b el Jlab Y
oS (509B g0 o . ol 00l il [Y] adlie 5l cailoass
iy i e ains G5 3o b 2 (K) ot
For L ¥er Glogse Job 0 a5 puliee )0 1) Clid> (nl oged ol

e 28l 1) 595 Dda (e 0 s ylegil

- —& -

—_—k

300 400 500 600 00 800 90

ol zmpe dsh

Olnl Sigigd (5,9l 5 (cwiigs (il AIS retd 9 Sigied g Sl il )8 reges g o

dodsio

Ol g Ul oS solse cSbe 95 Sl ss 5l Sl S 4 039l
M55 5 (2l an Sl Sl Bl o 1) (cands alie 51 (SG S
o sl 3l sliiul Ly 45 il aud g 55 aobie ol 51 oS
e sl 3 1 iy e s (52250 551 4 Sy
Slishod ggdge ad; LS 4 ool (nl o a5 j5 4y ules Slge
Al et sla sl ol ool ol ses 4 ) 65k
Sron doy Gl Gloj BT L (Jg w85 S Ll jdes Slge 4l
a0l ot leasdly wad hloie (g 69e8 )95 sl she ()b
ol s 5w yor g 655 i Qlls cgoledad (g ey olse
S5 il (s ablse %o by 315 s 1, a2
sl Jo ool b [V ]aizen Lis 1, 55 slel 45 il ool 5
SzsS e Job (39 05 Jed 3l onlae Sl 6oy (008555
ok S JUil g ooyt 355 Job (35 05 ¢ ab by o9
A (55hz 9 (60T (SeSeliw (s9d 95 sladshe 4 S
Sialidl g ced ralS A gu by sladshe (55, w3l Olidos
5 ol sy slo oo 033 egae [F-Y] 5515 45T ool
o2 o, VY A Bl sl Lo jo Jlade ol aS cesl as j O dgu>
(e yo5 sla sl 035l Ssnte s 3l o5 TA-O] el skses,
ol 55 (sla g LS lagl (555000 § cile wn] b S5
sgmste 5 JUsb osla ;5 b G gl s 3 (slo oo
3 s 03y Sl el di g ST LS5 b Jli
5 o S5 S 5 e JUE a5l ] i
D3] sl o osliiad GLIIgL 5 35 daalglyil ( Seigansdly
13311 S5 i o i gl ol ooy ool
st sla sl 1251 3 (TO) o] o sl [10] s
PVA-YY o Lo Sl g 8 sl 5 05 g0 oolaul (6 peudsy
PP N B KW U SR LW S~ JU S N N S PR E
Gl T A A g S gy Lial3il ¢ ITO Galiss (sl il
9= edz Gl )o g Ll s g5 il pls @y g (SaSTy
245 (gl 50 Blios ey G5 sl )3 558
5l ooliasl Uy vouds alol 5,5 5 Sily BT bags (ygims 2 olSitils
i sl b e o5 sl o IS el 8 i b (sl e
9 M SLie Jite (b g lge polas 0lge b Dl 05 5 5 ITO o
I, 155 iz olsee (PEDOTIPSS) (5 sl 65 ol F4¥) Ly
loo L 1, ITO (sl yim a8 45 Aizd S azmsi g ol ,,3 oo 9590
e aald ) Jlad 4 50 Qi (liee (i WS (o0
o iz Ol 9 0o, YA Glie @ (05358 @i (e a0 y5b
39, iSH by ol o Lo [¥] ol 428l Liglial oo ys YYN liee
5o, 2>k G lise glatslu (o |, (ITO) s LusT 5 ol
Ly wbaST o ol )l lo o sl am Jld ¥ g ©do e
G55 Jobow sl SEELw g 4 B dls H13 (o) 2 9550
Lol aslio gl ITO (355155 (sl i los oy Cansd 355 (6 yosly
3 gll)T Bl glawlyiwlsil 51 )l oS5 pls ksl
ol 31 o0l Uy ot oo Lo o 5 cglaslyl 5 o5 csloadlyialsil

] s WWW.OPSLIT 0lSsg 40 (4090 (o yiwsd ;o byl 4y allae o


http://opsi.ir/article-1-1410-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

YYA0 Cpags V1Y

(0) S50 Y g s (3) ITO L (6 yoky gy Joboo Jlisls (V) Y52
lagen lo 5l sl T (@) 5 5 sladilginl (€) g § Blo sloailgin!

Absorption(%)

04
—%— Plane
o3l | —e—cylinder
—o— Rough Cylinder
021 Helix
01
N . . . . . . ! |
300 350 400 450 500 550 600 650 700 750 800

Wavenumber(nm)

P Ese Jsb e J 4 )5 b o959 Sia vy Jlaged (Fojled IS0
ITO wglae sl Lzl

o L o JLsd anY o Lo 5555 b 0556 ¥ ojled IS5
Ot 45 Gl gomd50 ] Kilo g amane las |y ITO wylas
ol 2248 Cel gkl 4 by (g yary ondyor Jsko 5L
cdl> ol 5o 1y Gl L s )le 51 sl aul,T & j50 a0 ITO g 2SI

Active material
Metal substrate

T PEDOTPSS " I

Olnl Sigigd (5,9l 5 (cwiigs (il AIS retd 9 Sigied g Sl il )8 reges g o

[¥]. P3HT: PCBM s ¥ ConSh i logas (¥ o,lets JS&

Silwdnd 09,

Gy 315 20 ST Jlad 0¥ o oygigh Ll Gl 4 Lo (s3luanns
oas ool wl jelaie oyl (gly (Lumerical) JISG o0l 1581 0,5 s FDTD
Aee¥oe oo Jsb b g5 a5 conl ond (558 s5lodens ol 55 can
b L (695 g e o0 590095 Joko o 4 tegil
a0 bgjluwans aan .ol oals Yl s AM 1.5G 0l ye5 g5
2 gl ¥ gaiy (e Y 9 X Lty fegils B (gat e g S
plonil dog-2 jskie (55l 4ty ;o LIF aSyl 5l ploabl 1) 2 e
= 05— 03 Db x93 5l (6,55 pe A Cawlonls B8 conl a8 F
o 43,5 )15 13 iegili Yoo 55 ITO Casled .l azdly LS5 oo
il 05,8 Jlosl lagen 1y JBlas caaglie 5 125Tam coblids e b
Mo SH b a3 )0 5598 iz (e 65 o3l sl Y]
Ol (85l S Iz oums (lis a5 S S—cugy
ol el ol adly jo cwl oad oolawl ] gundolies S
Cda Gl amms el pdaw asly 5l asdl sl 655 ol caims
¥ dserd GBSl bai)ls blijl o L) alal, b Szagy o LP
Ko o daslgy 50 09 on drnlons o (g (lime ¢ ¥ Jgo 8 50
Ol 00 Xlid E g (20,38 )50 £ (Sl o 0 (0gR 50 Ceoud
[V Tl (ombliie lae saims olis H* o S, 2SI

P=-Vv-S 1)

S:%RdExHﬂ
. )
P == E*-Imag(e)

Real(s) =n® —k?

)
Imag(e)=2-n-k

S 9 (6 Hlw Ay Az

Jusd ¥ ol T Jlsd 4 g Jsho 12 Cond (0 yiogeo
358 s aSalonl ) (w0 on i |y (5 j3 i
Jolew ;o sl agils VO-V - 51 5 eS caims 4y jo eS|
b (giST 302me S 55k sl il JLad a0 oS a5
03310 5 Sy ood Giwlas e an layg ST ases o [0] el
Ve shanls Jld e cabid G wloe el o089 Jske
S3lmtinge Ly Jlod Y Cualed g jlade [IV] a2l jdey fiogil
Sl cs5ldents aalsl ;3 i agili 4+ ol FDTD 3y, bawss
L b 00500 cglite 00 oz 4 JS8 ilhae gadj5 Jsle
o Sy )0 0,8 B oy 0y50 LT o Dl e gl
s i 5050 e il il sl i 5l

ol 0als ools las O S a0

] s WWW.OPSLIT 0lSsg 40 (4090 (o yiwsd ;o byl 4y allae o


http://opsi.ir/article-1-1410-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA Cpoge VEAY

[2]

(3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

silane-gas-free process using aluminum-induced-
crystallization,” Sol. Energy Mater. Sol. Cells, vol. 83,
no. 1, pp. 91-99, 2004.

C. D. Wang and M. J. Cryan, “Efficiency improvement in
organic solar cells with nano-structured ITO electrodes,”
J. Opt., vol. 17, no. 6, p. 65901, 2015.

S. H. Park., “Bulk heterojunction solar cells with internal
quantum efficiency approaching 100%,” Nat. Photonics,
vol. 3, no. 5, pp. 297-303, 2009.

S. M. Menke and R. J. Holmes, “Exciton diffusion in
organic photovoltaic cells,” Energy Environ. Sci., vol. 7,
no. 2, pp. 499-512, 2014.

M. T. Dang, L. Hirsch, and G. Wantz, “P3HT:PCBM,
best seller in polymer photovoltaic research,” Adv.
Mater., vol. 23, no. 31, pp. 3597-3602, 2011.

B. Kippelen, J.-L. Brédas, and J.-L. Br Edas, “Organic
photovoltaics,” Energy Environ. Sci., vol. 2, no. 3, p.
251, 20009.

C. C. Chen , “An efficient triple-junction polymer solar
cell having a power conversion efficiency exceeding
11%,” Adv. Mater., vol. 26, no. 32, pp. 5670-5677, 2014.

A. Raman, Z. Yu, and S. Fan, “Dielectric nanostructures
for broadband light trapping in organic solar cells,”
CLEO 2011 - Laser Sci. to Photonic Appl., vol. 19, no.
20, pp. 1-2, 2011.

D. Ko, “Photonic Crystal Geometry for Organic Solar
Cells 2009,” 2009.

B. Zeng, Q. Gan, Z. H. Kafafi, and F. J. Bartoli,
“Polymeric photovoltaics with various metallic
plasmonic nanostructures,” J. Appl. Phys., vol. 113, no.
6, 2013.

N. M. Bedford , “Nanofi ber-based bulk-heterojunction
organic solar cells using coaxial electrospinning,” Adv.
Energy Mater., vol. 2, no. 9, pp. 1136-1144, 2012.

P. Ruankham, L. MacAraig, T. Sagawa, H. Nakazumi,
and S. Yoshikawa, “Surface modification of ZnO
nanorods with small organic molecular dyes for polymer-
inorganic hybrid solar cells,” J. Phys. Chem. C, vol. 115,
no. 48, pp. 23809-23816, 2011.

P. Ruankham, S. Yoshikawa, and T. Sagawa, “Effects of
the morphology of nanostructured ZnO and interface
modification on the device configuration and charge
transport of ZnO/polymer hybrid solar cells.,” Phys.
Chem. Chem. Phys., vol. 15, no. 24, pp. 951622, 2013.

W. L. Barnes, A. Dereux, and T. W. Ebbesen, “Surface
plasmon subwavelength optics,” Nature, vol. 424, no.
6950, pp. 824-30, 2003.

C. Poh, L. Rosa, S. Juodkazis, and P. Dastoor, “FDTD
modeling to enhance the performance of an organic solar
cell embedded with gold nanoparticles,” vol. 1, no. 7, pp.
1326-1331, 2011.

S. Van Bavel, E. Sourty, G. De With, K. Frolic, and J.
Loos, “Relation between photoactive layer thickness, 3D
morphology, and device performance in P3HT/PCBM
bulk-heterojunction solar cells,” Macromolecules, vol.
42, no. 19, pp. 7396-7403, 2009.

Olnl Sigigd (5,9l 5 (cwiigs (il AIS retd 9 Sigied g Sl il )8 reges g o

Y 5 ghas L3Lu(d) L syoely sondtyo3 Jobo (S0 S Gl By 1 () JS5

5Ll &g 4 ITO () wilo slaailgiul 5l slal,] & g0 4 ITO (b) ITO S56

Loz o 5l slal)] & je0 4 ITO (d) 5 55 slodilgin!

Ol oSk 5 Jlad Y )5 (598 D2 wo)s Bliee (V) Jgur 5o
Sl FPO o Jobo 15 5 S renh 6908555 Job y3 (Sl
oo am bgipe Lo o e Olewlre Bob ol o0 aulxe
el sl Olyl &ygo 4 ITO 525Ul Jlisbo ey Gand o>
Ao, Vo [0F ol aS Jled 4 j0 Gds e s 1) Cesle
Jsl am by pe Sl (o 5 ol LSl Gl 4 by pe
Gt 1y el ITO sl 5,501 5L b (5 oely (50055
Syl ly Jbd aY o ds ol

S Glae o 3SLe 5 Pan(%) Jlsb ¥ )5 (558 iz sy ailone 1 (1) oo
FPOzse Job 55 5 ITO Sglite sloylslo )3 5 (5 yaeky (590,55 S5k o Emax

Sl

sl el ITO ITO ITO ., LITO
Gl algl gl gl
Slo 25
Pan(%) YIYY VIoa Al V- 108
Emax ¥ - £14 - yay N8

O il 09 )5S LSl 15 L ek s00d 595 Jslo 0050,
So—gp Jud 4Y )3 (5558 e Gl 45105 wlbes 3540 (ITO) wLuST
Gy Jolaw ;0 ITO JLslwgl og, xS adlio pl jo .0l ools
sloll wle glaailgl 5l slal] oS35 old & g0 e 4 s pouds
595 5 S ragd I3 o5 g lagn sl 5l sl T 5 5 sloadlyl )
s Y Lo 3 i e 5 45 5t 5 o> FDTD
Cslgd 5 5 SB)T 8 sy 3y5m0 55 sk PBHT:PCBM
Ot Sy 69855 Jok (nl 6152 ITO 09 2SN )Ll (0 20
(FDTD) L) 0j9-> ,o Sgamme Jolis hg, 3l jedain cpl (gly .0
Ul S5l yigs 45 A s oyl Cles o s olitiul
O ygmo 4o ITO 09 58I a5 sl (g LS lo a5 bgy o (6 jondy (g0 95
Sl Sl sl 53 15 el a3 5 )13 po LS 50 o o lo (sl @)
W S0 phd S0 4 ITO a5 a5 s 4 Cos (5598 i
ol 55 A4S el Gl Gialil ol s el a8l iyl as s FYIYY
155 sl pls 4y g (ST o] a4y 5 1TO Gkl gy Sl
2 03598 9 59 iz Ll el ol (rem g Al ol8 LSl o
o borye 5 Qi Oliee (S Cesload (6 peid ot e Jobe
2 Blo slaailgul 1 glanl] &0 4 ITO 59 25U a8 el ilo;
558 iz Ll e el ol 53 1) el 43,5 15 pa LS
L gy S50 phed & peo s ITO a5 olo dy s Jlosb a¥ 4o

el 0095 Qo yo Y/ Y

&=l

[1] T. Ito, H. Fukushima, and M. Yamaguchi, “Efficiency
potential of thin film polycrystalline silicon solar cells by

] s WWW.OPSLIT 0lSsg 40 (4090 (o yiwsd ;o byl 4y allae o


http://opsi.ir/article-1-1410-en.html
http://www.tcpdf.org

