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Trend Efficiency of Organic Solar Cells with Respect to the Types of Photoactive Layer
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Abstract: As energy depletion and environmental pollution problems are intensified, research has been conducted actively on

alternative energy sources, an eco-friendly and continuous available energy conversion system. So has been organic solar cells

whose efficiency is improved to 18.32%. The photoactive layer inside the solar cell is composed of a donor and a acceptor, and

the combination of materials capable of effectively exchanging electrons greatly affects the efficiency of the organic solar cell.

Accordingly, various researches have been conducted to improve the efficiency, and the maximum efficiency could be achieved

by a solar cell with high carrier generation and low charge recombination characteristics through the introduction of a non-

fullerene acceptor and material reconstruction. Organic solar cells are still difficult to commercialize due to their efficiency

limitations and light stability, but if a photoactive layer consisting of a donor capable of efficiently absorbing long-wavelength

light and an acceptor capable of forming an appropriate energy level is designed, the efficiency of the organic solar cell will

reach 20%.
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Fig. 1. (a) Process of converting sunlight incident on a solar cell
device into a current flow and (b) process by which electric charges
are generated and collected in a semiconductor that absorbs sunlight.
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Fig. 2. Cell efficiency chart/NREL. Record date 2022.07.30.
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Fig. 3. General acceptor materials structure of (a) fullerene Ceso and (b) fullerene derivative [5,42].
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P-type l

Fig. 4. In the order of the arrows (D formation of excitons by photon
absorption @ Diffusion of exiton to the interface 3 separation of
exciton at the interface @ electrode movement of isolated holes and
electrons holes are empty redcircle, electrons are filled redcircle,
dotted line represents the state of being tied to each other by the
coulomb force, and the blue arrow represents the movements of the
exiton, electron and hole [1].

dark

Jsc

—_— L]

light Voc Pideal

Fig. 5. Current-voltage curve [6].

ot oA ARRElE 8 AR Al Ve, Jse.
FFZ NZFR7F et ©A Ve IR 28002 oFo
A Adae AF-AY FA oA x50 Tht= A2 ofojsgt
t}. o]= donor4&Xxfe] HOMOS} acceptpr&xfe] LUMO
2ko] xol o] o]sf QaFe Wi Xt 2 £ 2 WEX| band

585

g
AL Joo2 GHARUEES QU Joe= R7I8FEA9
55 58 YL AT 22/8A 540 T2 ¢He
0 F&2d 59 FA 0 whet ¥stel= gholoth. opx|eto 2
F.F (fill factor)= SHRJAF = F4A P2t S2]0,
oAl AG et = AN o7 AE & Q= o] &4 AT
A (Voe, x Joo )2t AA @2 & = o AL Vi @}
HAG 2o DHAFQA Jnad] ol ol 25 = AA
718 2o = (Jmax X Vinax)2] Hlo]| 25}l Z7d =}, PCE
= Yot BidgolyAg F.Fet o] 24 2|t H A S
Tk ¥ vz 4 9lon [6,9] 1™ 5o AF-AYL
A3t 2¥740] QIRFEo] UERL Qi

o] & R|&& o] &sto] O3] Alo 2 F.F& (1)1} Zo]
LERE 4 9l

FF = Umedtma) 0

Usc)(Voc)

3 FFRLe ol &sto] YAkshe EjoRgoluA| g 2
91 ofUix]o] 489l PCES Al (2)2} o] LfEpd 2
=

%9

PCE — % =F.F Umax) Vimax) (2)

2.4.11985~1999

Q7Y A A= 19854, Eastman Kodake C. W.
Tang ¥tA} 80| CuPc®} PeryleneS-=A|(23 6(a))S
Z¥7} donor, acceptorg 2 Alg-oh= o]5% & (bi-
layer structure)?] 2% S7|EjFA K]S 1Qt5HgIT) o]
5+r2E AZ5AHS 56l donora7 1t acceptora’d &
NEAQ 502 1pof A&t LA 2 AM 2.75 mW/cm’”
o] 20X 0.95%9] ofLx] &t &S Ao A 2 9]9f
th[10]. 015 71802 {7124 g ARS o551 A
heterojunction EjYAx]of] Ut A7 EAR 02 Al
3] 7] AJAFHCE 0]5 19889 &, GranstromS-& donor
A2 1EA POPTQF acceptorsA 2 CN-PPVAY]
MEH-CN-PPVE At&sto] 7tzte] Ao 2edt & =
aate] 255 FAIZ o 8l Lamination?|H S 0§
to] AM 1.5E 7104 o] A Wc} aFAbE 1.9%9] oy &|H
&2 WESIACH[11]. ol A1§H BREC] TR

=
3 6(b)oll Lrerlct

ol

4



586

TR
N/ " M

CuPe PV

(b)

~
MEH-CN-PPV

Al (cathode) Al (cathode)

ITO (anode)

ITO (anode)

Fig. 6. (a) Copper pthalocyanine and perylene derivative, (b) structure
of POPT, MEH-CN-PPV, and (c) Bi-layer structure and the first BHJ
structure with 2.9% [10,11].

oleist ol 5% 720 §7IEAAAI L excitono] At
A7 of 10 nm2 09 Bopx A 0.2 EjopHA|Y
a8 Aol AL vFTE o2 siZs] el 1992,
donor=z A& 4 Q1= Zoi 7 B.X}9} gcceptor® AtE

] Al PCBMAIo]9] &5 4 A A
st ol g @ Are] WA} &7 19954, G, Yu ShAb: BA]
7} Al gS Ao vls] WA Ast S R0 g E
Al(phenyl C61-butyric acid methyl ester, PCe;BM)Q}F &
ol 7 BAES S35 H 3 0]E A 3Hbulk heterojunction,
BHJ)Q] 7 D% 222 £ A35t9 ITO/MEH-PPV/PCs1BM/
Ca9] ++ A (20 mW/cm?, 430 nm)ato Al 2.9%
o] ¥ig E%% Do & QI [12]. o] wf MEH-PPVQ}

i

5

o,

Ir

Fl

u

g

o
I-ﬂ b4

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 6, pp. 581-593 November 2022: Kim and Kim

PC¢BMH] &2 1:42 AIEE N A& 2+ AJH 552
MEHPPV/Ce & 0|55 +2 2 AASH G 71Ef A x| of H]

ol 7081 = P ATE By LT

29 ol 55 A D F Fol RAYR Ao Yt 7
xolch. 01357 32 vl

Ao} 73 3ol 2 AR Az

L_q 70 A Eo]

w2 7 e gko 2 Balg 4 9r 2 sjzo] Ao
830t £ &8 Zr} mol OME} Bl WA &2 A]7to]
Hepd o2 dojite Axto] o] vls] Hale Kxpet A
T2 ~107s9] AIZHEQH ZojAl g A U TERIOA] Y]
Hajste Al 2 Ex/6H =1, 2elg Msto] 71 2He
RALe}F Aol e2ut Lo 2 747} o] 55t 82 A
A7)0 £ &S 0} o] & 1xE 19 6(c)S E5f v
A= RN} (i

2.4.2.2000~2010
20004 Soifet Al A AT &
FlEjsiAlel BHI7A £902 e AAl Roto] o
ToF Ve EYSIA Y e P4 H& v uA e
Al o]Fo] A}, 20019 Forrest21&2 AM 1.5, 1sun &
710 A1 ITO9] PEDOT:PSS layer coated®} 74 CuPc/
Coo cellsZ AFETH 57] BfGAR| oA 3.6%2] a2 &
HESHA [13] O H 200449, =UsE T50A CuPc/Ceo
thin-film-& /\}%Qj 0| % heterostructure8-7 B %A x]
2 0.1 Vem?e] =2 R&x3HS Al85}0] Aldl o] x138g]
21‘1}. o] AddoA PRHetE2 YAtE = AU w0 v
dI5to] 71881 AM 1.5, 4~12sun 2710 A] 2]df 89l
4.2%S A2 2 AATH[14].
o] Y E donorsAl& AtEE o] 2 MDMO-PPVY]
durA el e /g5 2 4% head-to-head
L. tail-to-tail®] Z23r0 2 toalane-bisbenzyl(TBB)+
b nAte] wso] WshA| e Aoz Ego o
2 03k ol2fa PAWAC] 2] 4812 915} 20034,
Munters5< sulphinyl 325 £35to] 1 E8X}E A5t

oR Pt o m

1, MDMO-PPV/PCBMtx & /\}36}04 AM 1.5,
80 mW/cm’9] = 4011*1 2.9%9] oA Wg 58S
AS 5 9l9ict[12]. LEA-Z2 QRS A}ﬂoP

ISR PCBMJ‘]’ 1014 AF&ot= IEAT= poly
(3-hexylthiophene)(P3HT)H A] GA] %7]15]1 FR K| of] T
o] A&aligtH donorgXoltt. o= & A2 & sHA] 42
279 749 0.4%°] 588 AT 2003 Sariciftci
SOl 2AHF AArsE & 70°Coll A 47258 EA2] & 5to
PSHTAL#ALS] 27742 57X 1A 2789 HE Tt A+



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 6, pp. 581-593 November 2022: Kim and Kim

()

(b)

PCPDTBT

[ NN
!\
ataYareYa\!

PCDTET

PEBTEBT

N

FBDTTT-CF

587

PCPDTPT

Fig. 7. (a) Structure of P3HT polymer as donor and fullerene derivative, PCBM [32] and (b) structure of polymer with low band gap [20,21,43].
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Fig. 8. (a) Conjugated polymer, structure of PTB7, PTB7 [24], (b)
schematic diagram of an organic solar cell with 11.21% efficiency and
structure of PBDB-T, ITIC [26], (c) normalized absorption spectra of
the films [26], and (d) structure of J61 polymer with mid bandgap and
m-ITIC [27].
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Table 1. Efficiency of organic solar cells changing from year to year.
Year(s) Photoactive layer PCE(%) Character Ref
1985 CuPc/perylene derivative 0.95 The Beginning of Organic Solar Cells / Bi-layer structure 10
1988 POPT/MEH-CN-PPV 1.9 Lamination 11
1995 MEH-PPV/PCs1BM 2.9 BHJ and fullerene derivative 12
2003 P3HT/PCBM 3.5 Postprocessing 32
2004 CuPc/Ceo 4.2 Limitations of bi-layer structure 14
2005 P3HT/PCBM (1:1) 4.4 Slow drying of active layer solvents 38
2005 P3HT/PCBM (1:0.8) 5 Heat treatment 16
2007 PCPDTBT/PC71BM 5.5 Low band gap 39
2009 PBDTTT-CF/PC71BM 7.73 Low band gap 21
2012 PBDTT-DPP/PC71BM 8.62 Inverted tandem PSCs 36
2012 PTB7/PCiBM 9.2 Conjugated polymer PTB7/Inverted structure 23
2013 PTB7-Th/PC71BM 9.35 Application of BDT Structure 24
2014 PBDT BT/PC71BM 9.4 Charge transport layer, ZnO 19
2015 PTB7-Th/PC71BM 10.1 Nanostructure control technology 25
2016 J61/m-ITIC 11.77 Low band gap ITIC Isomerism 27
2016 PBDB-T/IT-M/PC70BM (1:1:0.2)  12.2 Ternary organic solar cell 40
2018 PBDTS-TDZ/ITIC 13.35 Wide band gap donor 35
2019 ZR1/Y6 14.34 Single-Molecular Organic Solar Cells 34
2020 PM6/Y6 16.35 Layer by Layer 28
2020 PM6/Y6/S3 17.53 Ternary OSCs 17
2021 PM6/Y6 18.32 push-pull-type 33
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