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Optimization of Semi-transparent Organic Ternary Solar
Cells with Non-Fullerene Acceptor: The Thickness Effects

Elmira Milani'-2, Mina Piralaee?, and Asghar Asgari'-2

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

Abstract- Polymer solar cells attracted a lot of attention due to their low cost and ability of high power conversion
efficiency. One of the important features of organic solar cells is their application in transparent devices, leads to the
emergence of novel perspectives in applications such as windows, curtains and roof coverings to generate electricity for
buildings and cars and many architectural applications. Recently, non-fullerene small molecule acceptors known as good
alternative to conventional fullerene acceptors. In this paper, we simulate ternary polymer solar cell with a non-fullerene
acceptor with semi-transparent properties. The results show that with increasing the thickness of the active layer, the
short-circuit current gradually increases, but the filling factor decreases due to the increase in recombination, which leads
to an increment in the conversion efficiency up to a certain value, and then decreases. In this work, the optimal thickness
of the active layer is 100 nm. Also, the quantum efficiency of the structure increases with thickness at wavelengths shorter
than 500 nm and decreases for higher wavelengths due to increased recombination in the active layer, which leads to
reduced carrier shrinkage.

Keywords: organic materials, non-fullerene materials, ternary solar cell, semi-transparent polymer.


https://opsi.ir/article-1-2654-en.html

[ Downloaded from opsi.ir on 2025-12-14 ]

VB ot VE VY ol ebiss 3lsal (e duged olRitils

Gl Uyt ot 55 o] Bladiaas Ll Ky 0 00 L5155
00,325 AVT L oads plosl yo L5 55 YL olenil, ol a5
Blad awd, 9 Jokw slas p)l5 sl a5 ol saal Cows @

Iy Tead agen b
oaly las cally IS jo asdllas ol (gl oolazwl 5,50 L5La
Jes Blas YU 09,5801 Gloreas AQ )] jo a5 ol oals
Joe 0yi> oamms Jlsl a¥ lgea 15 M0O3 wis
ool 9,58l oaims Jsl 4Y lgieas ZNO Y oS
oz ol el BLd ppy 09,SI ITO 5 ol o
oY glpear dTIC 58,08 S5 J5Use s PBDB-T
oS P cCawl 0dls oolo lid Y JSKS o aS jghailes o Jled
Jlanysl oVl wad Gl sdipdy 5 eams lyea
ot JUsl (JoSge Jlo sl (2 Sl 9 ot Jdl (JoSse
sohaieds el 0ol ools las ) UK o slaiul 9,90 olge
Lol 5l oy b Gl 0y0e ISl (gileange
Sy5e yagili VYo B agili &+ 5licalizee b aY slaculies
bag o> g (el S o0 Ll B S IS (o) p
S S 5l s 5 s Culiis aazgil oo sloosls
Sl 158l 5 31 ool b Slewlone [V ]l oual cowas

Sl 00 ‘_g)L.uw

|
> -
|
ITO cathode —
Glass substrate
A
L.s ‘\_
L, QA
s - N &(\J~
5 ‘M
PBDB-T ITIC

doddo

ol auie oo o5 Jdoar JI gandyer slasbe
S plgrear Bladaes cunle 5 g pdBlasl (559w
B Az 990 Jlaws (i Lawgi pdinand 6551 e
@oudypr sladshe oly s easlb Tudl ool ad S
S 0o )0 VYl ad i Sslidggis slge JJoa (PCE)
I soed s> Gldshs azgs LB sl Shy 5l Sl ad,
30 R Golailpie a e a5 Gl byl og Bladdes
5 bolasle @ly Gp ady beesy 5 oy cole
colo lp [0-V] 058 oo de g 5 lons slod 5,15 g Lo Jurogsl
Jus Y 3 0 58 Cde ladasd ol )5 Jolo SO
clposdle oy |y S 5 5 63l b 355 olas ks il
el sl il sla g, ol Glis Wl 0g 2SIl 4oy
oS sbaddsl [Vl sexy Glas  slasg xSl
9 Wgd o Sl wlgie 1n) witws (oolia il
A8 Joloee aias plis 095 Sl p95 (S s pdySllan]
@ Sgisd Jlw S Sz wir b g SIS )5 p (e
eSS0 5l wilgior 55 omb 9 b 998l lgse
(S SzsS JsSUse slaowinS 3 [ashlacsl
S50 S8 Jyere Soni 15 sl (297 Sl bRl
oaiSaer Olpear JIgondye gladshe o eolan
St S8 Gan sladske ip o Sles it 09 2SI
Ao S ek (SlroiS (Seis iS5 550 ol Spmts
639 2> Al eelass BB o, & JsSlse (555 ok
S Sloosi S baunlia,d oS (eoman slaaije g 5 p
g aS 1) glaidl sgups o ,Slos wiodgw slo Thg cpl ol
oas osls Hlas ansds Jlo wiz o JI sad e o sl
2l ATIC) S5 onipdy ol ooty Ce o ]
F9dse ool ol el sols lis 1) sloaisSjlgael Lo
- oatd Jlal JoSge Jluygl cnyl gl wpar SzeS
DOl g0 Voe 5L o YU 505 a0 e a5 <l 3.78 €V

LTS
Jokor S yo 1, @Jlﬁs).&c Slge 3l oolaswl Lo« yimgh ol jo
localis Ol b mlbals plis Blidaas gond)ss
2356 PBDB-TITICGlasacs Jub 4Y glp calbiza

polde o YL 5l S 45&..{1@ Cewd L 1y sy Vol i


https://opsi.ir/article-1-2654-en.html

[ Downloaded from opsi.ir on 2025-12-14 ]

VB ot VE VY ol ebiss 3lsal (e duged olRitils

oy R 0ls (oS sy i 4l cnl o 658 0L~
Olyz Rl 4 ol we b aml (nl o (215 (pegtlsS
S 05 o0 Loy e PBDB-T 5B 50 ead ode (5,9
dedody Gl Gl sy o Hlaiay s (aeiie ol ol 380
gox SRl 4yt a5 Bl o 4 0 oS 5k Gl
ol b (Sadpceys blieys dgdioe lael> (59l
o Ol oS oo onalin) Jouz o aS jshiles Culhs

b

b sy 090 Bladides gand s> ol o Slee slayial)l ) Jou
AML5G 55 o calizes Jlad 4 glacaslins

Active layer Jsc Ve FF 1
thickness (mA/c m?) ) (%) (%)
(nm)
[ AYD <A | FYYY Y.AY
] ARE4A) <AYY | £Y.FQ FAY
Yoo VY.FA ~AFY | FoXYF £.00
" YY.AA < AVY | BFRAA F.oF
1¥F-. \Y.AY < Aeq | brAaY bAaY
1 14
i —)
o -—————‘/\%, 12 {//
J808 8 /
10 rd
07 > 4
0.6 8
60 80 100 120 140 60 80 100 120 140
thickness(nm) thickness{nm)
68
66 6.5
54 6
w 5.5
60
58 5
56 4.5
60 80 100 120 140 60 80 100 120 140

thickness(nm)

Gl adllas 5 50 (gouisy5> Jokw (60 Slas sladasio YJ&.&

thickness(nm)

Absorbance
o © © o ©
(¢} (=] ~ @ ©o

o
FS

A(nm)

4.7

E{c¥)
w

1ITO

(o Slasans I 500055 sl sk Siled Jlages (1 NS
ssipdy 9 PBDB-Tuowns youk) Jld ¥ slye oloacs (slo sl
Sl s ooliial 5 50 Slga (55, s Jloges (g ATIC 55 Job é
o g e

5o adllae 3)50 Gadyo> Jobu (0Skes slo datine
A o Hlid Feogds JSG cpl Canl oal ools lis Y USS
051 bt 5 ety oK «Blad —das gl il olo oS
St Ay ¥ Loyl jlade ol sl Sy oA 4 Seop oS
Syzy Jeoar (G5 s lroniyS sl el
SHP Rt GodinS Vb et sl JoSolge Jlon sl
@ a5 Cl g Hlons Jule SO ol slge 1 [V V] el
Gz gl S o S SSldgeis sla sl o ,Sles g
Sl (Jld Y cuwlbs il Lol candy slaloges
£l b ¥ calies Liglidl sl il 5 olisS Ll
mA/Cm? AYO 51 obgS Jlasl b, eyl VEe a4 gl
YV Jgaz 5o polie cpl sl a8l o33l MA/CM\Y AT 4
clizee sbcwlbrs gl Jled 4Y Qi casl oald ools lis
Ny, SO ol el oo ools las QLY SKE o Jled sy
U5 s iz ¥ cwbs Gl b ass e olis 1) mols
Slagse Jsb 53 35, ol Mase Gl 5o Jsbo s5ame
Gl cel culs AalBl L Lesdins (gl B0+ >) wily
by 058 @i lBIL a5 0gd o ()5 (cogilsS 0 e
o 3 5y Gl G i S @ g ¥ g oF JSS cl
Sl s oo lid ] addllas 3550 (5908 )93 Jobo (sa55lsS
el W9y b (agiileS (6 e (Foeie W9, 0 sla zae Jobo
oyt Oyl Callae LY S Gl sl powe ;o ol ools
GBI L ko Gl Culd WIBIL () (egsileS
Dad a4 ()1 (oogtlsS ot gl Vel ey Sl
sl 5o ITIC it (glizl i wazsil. Wl Suals


https://opsi.ir/article-1-2654-en.html

[ Downloaded from opsi.ir on 2025-12-14 ]

VB ot VE VY ol ebiss 3lsal (e duged olRitils

L 22 yo

[1] Guo, W.; Xu, Z.; Zhang, F.; Xie, S.; Xu, H.; Liu, X. Y.,
Recent Development of Transparent Conducting
Oxide-Free Flexible Thin-Film Solar Cells. Adv. Funct.
Mater. 2016, 26, 8855-8884.

[2] Ma, H.;Yip, H.-L.; Huang, F.; Jen, A. K. Y., Interface
Engineering for Organic Electronics. Adv. Funct.
Mater. 2010, 20, 1371-1388.

[3] Forrest, S. R., The path to ubiquitous and low-cost
organic electronic appliances on plastic. Nature 2004,
428,911-918.

[4] Kaltenbrunner, M.; White, M. S.; Gtowacki, E. D.;
Sekitani, T.; Someya, T.; Sariciftci, N. S.; Bauer, S.,
Ultrathin and lightweight organic solar cells with high
flexibility. Nat. Commun. 2012, 3, 770.

[5] Colsmann, A.; Puetz, A.; Bauer, A.; Hanisch, J.;
Ahlswede, E.; Lemmer, U., Efficient Semi- Transparent
Organic Solar Cells with Good Transparency Color
Perception and Rendering Properties. Adv. Energy
Mater. 2011, 1, 599-603.

[6] Li, S.; Ye, L.; Zhao, W.; Zhang, S.; Mukherjee, S.;
Ade, H.; Hou, J., Energy-Level Modulation of Small
Molecule Electron Acceptors to Achieve over 12%
Efficiency in Polymer Solar Cells. Adv. Mater. 2016, 28,
9423-9429.

[7] Zhao, F.; Dai, S.; Wu, Y.; Zhang, Q.; Wang, J.; Jiang,
L.; Ling, Q.; Wei, Z.; Ma, W.; You, W.; Wang, C.; Zhan,
X., Single-Junction Binary-Blend Nonfullerene
Polymer Solar Cells with 12.1% Efficiency. Adv. Mater.
2017, 1700144,

[8] Tai, Q.; Yan, F., Emerging Semitransparent Solar
Cells: Materials and Device Design. Adv. Mater. 2017,
1700192.

[9] Jeon, I.; Delacou, C.; Kaskela, A.; Kauppinen, E. |.;
Maruyama, S.; Matsuo, Y., Metalelectrode- free
Window-like Organic Solar Cells with p-Doped Carbon
Nanotube Thin-film Electrodes. Sci. Rep. 2016, 6,
31348.

[10] Upama MB, Wright M, Elumalai NK, Mahmud
MA, Wang D, Xu C, Uddin A. High-efficiency
semitransparent organic solar cells with non-
fullerene acceptor for window application. ACS
Photonics. 2017 Sep 20;4(9):2327-34.

[11] Zhao, W.; Qian, D.; Zhang, S.; Li, S.; Inganas, O.;
Gao, F.; Hou, J., Fullerene-Free Polymer Solar Cells
with over 11% Efficiency and Excellent Thermal
Stability. Adv. Mater. 2016, 28, 4734-4739.

300 400 500 600 700 800 900
A(nm)

5055155 0 g ko (¢ asdllas o y50 LSl IV gl e (1LY JSCS
s9 v it slacals B4 Jlb 4Y i b (g 5 201
AM1.5G

& oy (Gt y53 Johoo S (gl 4 Allie ol o Lo
Sladaes Cools b (S50 pof oS b (obaw Sgn
Y el Gl L 5 sas e oLt bt lassls
58S Lelaly (oo al33l g yus a4 oligS JLasl )by o JUsd
ol &S wlioe ol laceS 55k (Al sy (Sud
O 9 A e SG U Lo o j Rlil 4 e el
4ol g Culs Ssdpe i o GalS ]
SCT IV -NCHU VY GV VNGOV ) IR | PPN IS | PY-
olisS slagse Jsb ) aslllas 550 JliSlo (agilsS 050
lr gl Rl cwls Al L gl 000 5l 5
Ju Y o oS 5k Gl Jdsay VL slagse Jsbo
S0l b g e ool (5 slanr 0l asmie oS

g o axlge


https://opsi.ir/article-1-2654-en.html
http://www.tcpdf.org

