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The role of active layer thickness on performance parameters of
P3HT:. PCBM organic solar cell

Zeinab Shokrollahi!, Mina Piralaee?, and Asghar Asgarit:2

1. Faculty of Physics- University of Tabriz.
2. Photonic Devices Research Group, Research Institute for Applied Physics and
Astronomy, University of Tabriz.

Abstract- Recently, organic solar cells have attracted wide attention due to their low-cost manufacturing technology and
varied structures, as well as their high power conversion efficiency. In this paper, the characteristic performance
parameters of a bulk heterogeneous organic solar cell with active layer of P3HT: PCBM with different thicknesses of the
active layer is investigated. Simulations are done using the 1-dimensional Scaps simulation software. We have
investigated the effects of altering the thickness of active layer, on performance parameters of the solar cell, including:
short-circuit current, open circuit voltage, fill factor and power conversion efficiency. The results show that with
increasing the thickness up to a certain value, an increase in efficiency is observed, but at higher thicknesses, due to losses
mechanisms such as recombination within the layers and bounaries, a decrease in efficiency occurs. The results of this
simulation are also has been compared with the results of similar experimental papers.

Keywords: organic solar cell, recombination processes, Scaps simulation, power conversion efficiency.


http://opsi.ir/article-1-2650-fa.html

[ Downloaded from opsi.ir on 2025-11-04 ]

Olnl Sgsd 655l 5 (cwiige S e loz 5 lnl S 5 Sl (AT et 5 S
VE- ot VF Y ol i o5lsal oo aupeds olSasls

P3HT: PCBM

44144

PDINO (ETL)

ity o Slet il ) K
Aadllas 5590 (gl 00g5 Konls

G55 Jsbo JLsle ol aseie VUSS 0 a5 jshailan
oxs Jlasl slo ¥ ol ol 6 Y a3l aslllas 5,90
(BeSh 030555 sial bl ale aralisd b ) s 2SIl s
Oyl by (P95 (ST (60 LY F) ) o 2> s PDINO
& 00y Wgw  bglxe 4Y 4 PEDOTIPSS (&lgalguw
&1 09,5801 g0 awgs a5 Cewl ooy aslu P3HT:PCBM
0o rSIEN .0 sy a sl |5 b L (Al WIS 5 (ITO)

LSL‘b)b" )‘ égLo.w Y J.iu: . [ ajf]u.uﬂ IR @5&4[..» u.lj
dde 5Lis il B i b1, s 4 gail

0.58-

0_00_%

-0.50- |

1.00- = i j_i

3-150- !

]

-2.00-

-250-44

-312- | | | | | ' '
0.00 0.02 0.04 0.06 0.08 0.10 012 013

distance (um)

Gadyo3 Jokw iz gla Y il jlle jloges ¥ JSS
dJJUa.a d)}o ksﬂ

Soges 0 dS 0gd o alaxde F S Jloges 4y g3 b
L) I8 Ghlie s (51 Jouslty sl (slagl
aS w0l oo ol gum jo (UL 4Y Jlk lge
5 o9 S Jsl Y G & a5 gn Lo 55,550
Y Jgoz g Jakie 0,0 Jatl Y oo s o 0,0
Sy9e sl Y 4 gy o oolitul 590 sloyal )l (oles

aas o &l g5l and pl o ool

-

dodlo

3 oI5 5l (g 0595 5o Wlg (o0 S3ldgeid (5,5l
Ol iz e g o lyd g ol sla S
5 )3l g9 bl a5 Sl Joko S S5 655
55 by Iy Sare bl g5 93 4y oad 03 IS Sl
300X pdy g 0l Slge oS T Aigdne (G e 90 (]
ais b Gl oogame Liali8l el JT bgle SO
ol Sl ol (al a5 098 (oo (oo Joho 3 0nindy
ey ol 255 oo el sl mez o3l 5 5l S
sl 0395 Seal JI (s3udy93 Joho 3Sles (5 axwgs
0538 05 bslie Cund aiile lon Ll 4 Dad
«rlp oo [Vg)]ow! aily g 5l c3usl 5 P>
slo ali gz 2157 5 (sl osg5 (Real digm ($39)98 )90 J 515
Gog uSIl & el 0l 5 (6l e gt sl Ll xdan
Cwolbs [Y]ais 55,00 YU o ,Slae a0 Sliws 5 abgye
sleds (9l 93 Jobw o Sos ot )0 (cotee Jole (L3 Y
45 098 (oo Zely (JLd) il 6 Y Culhs ials il (e
Oilple 0pd 2S5 8 s b a iy Jlail gl
Jd g digd (oo (S Jlail gl Dl (Sl L (925l
S 536 sla 9 2SIl Gliee S 5k (s oy yo Ll oS5
bisS il sz JIS aneiys 5 05n o o33k 53, 5
SR e Bl (Sady capd s blas s
Wb oo Slidloads Cdx sl g5 g8 slasd ( Jlad Y Culbes
o555 033l 5 oad g (8 iy elalo st e 3
3l am oS all laiae Wb ee 4SSl aldl ol s il
O I35 o Lo SLast ol o Slee oy i 45 Ay Cwls
ol Sl g Jshe 5o sszge b Cueglie (Rl Jdo
Jobo 5 8des o ¥ glo Ll 55 35290 slo S 550 51 (S50

A5 (o0 el 4 89

Sl gany Joe 9 (>ib

550 sl 005 Sanl I gaidysr Jolo lisle VS
i boad (gilu el JLSle § Sleds & j090 & ) adllas
i Hlis ¢ Sl 15l


http://opsi.ir/article-1-2650-fa.html

[ Downloaded from opsi.ir on 2025-11-04 ]

Ol SS9 659l 5 (ewiipes (ST e oz 5 Il Sgigd 5 Sl Gl ST et 5 S

O3z ya5 4y olisS Jlasl )b > (Jed sy cwls
lo oS5k ol Judo 4 (Sas 5 peSB Ll il (o
b o ot omli¥l 4 e ol (nl a5 b (oo 28
& b oyt EalS o 5l e g e laie S
¥ SE jo (60 Sas glo dasiine Ol posd gl

el oas ooy lid Jled Y Cls Ol o

(53 100 150 200 50 100 150 200
thickness(nm) thickness(nm)
S 12
[
-o i |
=7 (d _10]
e | ® 3
Tl =
(T = 8l
60
55 - o 6
50 100 150 200 50 100 150 200
thickness(nm) thickness(nm)

s e gy adlllas 850 Jlile 65 Shos slo daseine ol s F S

Js 4y cals

OY Cwls lBdl Lo b @l S slayloges sub
G L ol e Gl S sl e U
Ol iegil YVe @ el 03l Jld @Y Cwlxs
4 MA/cm? \ ) ,aY g ol ply g0 Lo ,as olieS Jlas!
53U loweslidy Hlade el a8l olsl MA/CMAYY,AA
Sl s & Faby ESB 5 ey oo Ly
5 ol o s e ol 215 o 5o Lo o 5
3as g al ioli8l culbes (iol8l L gl B0 sg0
aed s g awmlie ¥ Jgox .l jrals 4 g, o
Yo 20 wlo L) dlie cpl jo oals sll (g3l
A0 oo lid aliee

[0] 3l s yo oolaul 590 slo el )by Y Jgam

La el PEDOT:PSS | P3HT:PCBM | PDINO

(HTL) (ETL)
(nm) Celss . bou a
Eg(ev) 'e ), £ T, A
x(ev) r.£ rAd £,
&r r Fie e
Unlem™/V,8) | soeVe™ | nes1™ | Yun
Uolem™/V,8) | 1,367 |y amera=t [ v ena=T
Ny(em™) 11050 . '
Np(em™) ¢ . Yar."
Ne(em™ ) R a2 TR
Ny(em™™) 1. ¥ YoM "
Ne(em™) §4 Bog Y v
@l 5 couy

mo e 9 5Wgm 0l lalagel s 5 a4 OY 5 LY S
sl culs @l 1) asdllhas 550 Sl egilsS s

Aadee (las Jld o aY calixe

J(mAem?)

=28 —210nm

.30 . N . .
0 0.2 04 0.6 0.8 1

300 400 500 600 700 800 900

9550 LSl coguilsS (6 0yt 0 5 5y Oy jloged (ALY S
Jd sy Glize slo culrs sl 4y aslllas

Gial33l b aS 58 alisde 3 oo o g LY US4y az g3 L


http://opsi.ir/article-1-2650-fa.html

[ Downloaded from opsi.ir on 2025-11-04 ]

Ol SE9558 (55l 5 (ot S Grend ez 5 Ol S5 9 Sel GuliaS etia 5 Sy
VEe o et VE VY lpl el lgal o)l ez aupds olKisls

fullerene solar cell blends." Nature materials
7.2 (2008): 158-164

[3] Hedley, Gordon J., et al. "Determining the
optimum morphology in high-performance
polymer-fullerene organic photovoltaic cells.”
Nature communications 4.1 (2013): 1-10.

[4] ] Dennler, Gilles, Markus C. Scharber, and
Christoph J. Brabec. "Polymer-fullerene bulk-
heterojunction solar cells." Advanced materials
21.13(2009): 1323-1338.

[5] Abdelaziz, W., et al. "Numerical study of
organic graded bulk heterojunction solar cell
using SCAPS simulation.” Solar Energy 211
(2020): 375-382.

[6] Zhang, J., Futscher, M.H., Lami, V.,
Kosasih, F.U., Cho, C., Gu, Q., Sadhanala, A.,
Pearson, A.J., Kan, B., Divitini, G., Wan, X,
Credgington, D., Greenham, N.C., Chen, Y.,
Ducati, C., Ehrler, B., Vaynzof, Y., Friend,
R.H., Bakulin, A.A., 2019. Sequentially
deposited versus conventional nonfullerene
organic solar cells: interfacial trap states,
vertical stratification, and exciton dissociation.
Adv. Energy Mater. 9, 1902145.

L alie cpl o 0nls 'nledl Gl st mlS (6 anslas Y J,d?

(7] o b

Voc(v) IAFY A
Jse(mA/cm?) YA/PF W f
FF(%) P¥,% VY
n (%) ARVAR VYA

A S 05 (o0 alaxdo ¥ Jgur ol 5l a5 jshilen
25 b g B s b alie ) 0 0 plowl (g3
F el LS arg Lo bl o5

sl ol = 3 Oleie coas ‘bl.?r.;‘ Gilw Al yog
.0)5 oolaiwl Yu J.:M SO L: LS{L&:)LI_S-L» LS"‘)"Q

(S S Ao
Sl o 93 Joho O (g3lo ancds ay allie ol o L
Sas .l als,, PSHT: PCBM Gﬂ &l 0055 uilials
sy p Jld o Y Cwlbro b ow)p ol
aS w0 plis mls Sl Gaudsyo Jokw (60 Slas
T @ Jlad g cuwlbs JialdlL obsS Jlasl (b >
ol Judo a4y (Sl 956 8,k 5l e il
Db (o 2ol o oS 55 Gl g b Cuglie ) A6
ke SO U Jos soppe ol 4 e el (pl &S
)°~°9$@&M6°)%J@SQTJ‘MSW
G ys3 Joh Sl sl ol e Hlade SO am
(51).‘>u SYe C"L"’ L| @L_a e sl o..\.a" Cawds
003,85 abaxMe b s cewlio iy g anglio alin

e o

[1] Bahrami, Zahra, Alireza Salehi, and Alireza
Mahdlu Eyvaraghi. "AMPS-1D Modelling of
P3HT/PCBM Bilayer and BHJ Organic Solar
Cell." 2019 27th Iranian Conference on
Electrical Engineering (ICEE). IEEE, 2019.

[2] Campoy-Quiles, Mariano, et al.
"Morphology evolution via self-organization
and lateral and vertical diffusion in polymer:


http://opsi.ir/article-1-2650-fa.html
http://www.tcpdf.org

