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Oxidation induced fluctuation in photovoltaic characteristics
of inverted organic solar cells using low-bandgap polymer PCDTBT
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Abstract

The low bandgap polymer (poly(2,7-carbazole-alt-dithienylbenzothiadiazole, PCDTBT) was applied into the
inverted polymer bulk heterojunction organic photovoltaic (BHJ-OPV) devices and the device stability was compared
with that of the conventional OPV devices. Although the initial device characteristic was low, the device stability
under air was significantly improved due to the utilization of the gold electrode, which was supported by the analyses

with scanning transmission electron microscope (STEM) and electron energy-loss spectroscopy (EELS). The
influence of the atmosphere on the device characteristics was also investigated. In the initial operation of newly-made
device, the rapid increase of photovoltaic characteristics derived from the intrinsic photoconductive behavior of the
TiOx layer took place. At the same time, the continuous improvement of the open-circuit voltage (Voc) was also
observed, and exposing the device to oxygen accelerated the increase of Vo characteristic.
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Fig. 1 Molecular structures of (a) P3HT, (b) PCBM
and (c) PCDTBT.

(a) Conventional (b) Inverted

Fig. 2 Schematic illustrations of (a) conventional and

(b) inverted BHJ-organic solar cell.
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=V TEHFDOLOENAN Lz Emikt = 7 Q/sq., ¥T
AJE X 0.7 mm).
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EFHEEICH N7 T 7 ARRMET 2 IR
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—C 20 SyMvEd L7z, _ERLO TIOy RTBRIRIR & A &' =
— X —|Z7C 6000 rpm T ITO AR FiCiifE{b Liz. mikik
IR Y h 7 L— R EHWTER I & 150 CT 60 451
MEVL, Z0FFERKHIT 16 BERIME L. &I UV-
A7 Y —F—C 40 Sy LB 21TV, R A & R
T52 & T EE60~T0nm DT E/LT 7 ATIOMEE LT,
PCDTBT & PCBM 135 : 1 8 DB &EHL T/ mnn ¥
WL YEDN L, 40 “CC 16 FEIE LA L CIETE IR
1.67 &% DIEVERE SR 21572, TiOy & Al U 72 Fobk & 1%
PR R BERHLRD /S 0 —T Ry 7 22 L, TiOyi%
fE Bl iE e 2 1000 rpm TA B Y a— MBAIAIT o
7o TEVERE IR L =RIE T 30 /oM ORIEEZ R 21T, JESK
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DESIIH 45 nm Tho72. B Au B E 528851
C 140 nm OFE SR L, WA BRI EM T /S 1
Z (Fig. 2(b)) & L7z, AZN~ R 7 ZMNTEMRE N Z—
AL LT A AW EFEIE 0.06 cm® & L7z,
FRUCIER LB T S 2 L RO B 7 e A%
FAV, ITO 5 1iC PEDOT:PSS, {&MEE, Al BABONER
R 5 2 & CIERB A BRI Em T N1 A (Fig.
2(a)) ZVERIL7=. 7272L, PEDOT:PSS /Ky Hkikix A fih
PERIZUSMEFICER L, ZOREIZR 30 nm TH-o7-.
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Fig. 3 IZER-ALE K OB BN K 5 FE M O BB BT
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BB IV —T7 08 bERT. HERMT A Ao
TIHIEBR A SEFRIAEDIZ O T Jse, Voc B LY FF
DHFHRA LTl Y, HERMIFCSE ST 2.79%03 68
BN FEOHEKRETH 72 (Table 1). FEZHEHID 30 53D
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FF IZoWCHMENIH DB D, 10 53R ORER TlEIEk
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BIBEHNT L7223 > THIIN L, 10 4381 C Jge <° FF 25F0 L
72 1% B AR BN U 7=, e AOITIE 120 437412 0.84V
WD ETHIML, Z0L ZIOCEERRORENETH
5 1.95% M 5= (Table 1). ZNENOHEE TEBELH
BhEROMHOLIRG T DR L% Fig. 4 1T, fEk
FUT IS Z I TANEAVE 2 72 s O DS RE BRABIE 1% > & 20T
BPEIR T L. BRAATERY 5 FRR CEM R L, 6
O RFRIZ IR KB D 18% & 72> TWe, —JF, WillF
A AXPERILATE 10 59 C Jse & FF A3, 120 43T Ve 238
LB T LTV Do, R T
EKIEAHMERE L7z, 60 I O MR EN % b A KIE D 85%D
B =R e s L Qe SEE M BAGH 30 3 ARSI IS0
TN 2 DI RPRER & E[A] > T

B 1k i X 2R WERBL T S A A DRI IR FHES IO
TIEHINETHLEOFEBEALSNTEY, HEHEMmONE
b, BHEEEROL, REOLBERLEM T v, Ny
7 7 @O OYEEr £ < OBRFBIR ST E T2
(D09 I8 513K H b T v T A ML D Vo 2 E0IZE
AR N O WREME AR LTV 21, F- 1L 513 Al &
ROFRIEIZ X B I EEAER L WNge DI & PEDOT/PSS 73
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Fig. 3 Time dependence of J-V curve of (a) conventional
and (b) inverted BHJ-organic solar cell, under continuous

illumination in air.

Table 1 Maximum photovoltaic performance for

conventional and inverted BHJ-organic solar cell.

iati J
Cell type I'rradlatl.on SC , Voe FF POCE
time (min) (mA/cm”) (V) ) (%)
Conyentional 0 _ 691 08 051 279
Inverted 120 4.41 0.84 0.52 1.95
3.0
25 Conventional
Inverted
= 20
S 15
a
10
05
0-0 U Il L L
0.0 05 10 15 20

Irradiation time (h)

Fig. 4 Time dependence of PCE for conventional and
inverted BHJ-organic solar cell, under continuous
illumination in air. Inset shows the long term degradation
up to 60 h.
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PCDTBT:PCBM

Fig. 5 Cross section structures of conventional (a)-(c) and
inverted (d)-(f) BHJ-organic solar cells.

(a) & (d) TEM images, (b) & (¢) Plasmon-loss images,

(c) & (f) Elemental mapping images of oxygen.
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Fig. 6 Open circuit voltage of inverted BHJ-organic solar
cells that were exposed to three storage conditions,
respectively, for 24 h after first 30 minutes measurement.

The horizontal dashed line shows the Vo at the end of first
measurement. (All measurements were carried out in

ambient air.)
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Fig. 7 Initial fluctuation of photovoltaic characteristics for
inverted organic solar cell devices without any storage
(black) and exposed to dry oxygen for 4 days (gray). (All

measurements were carried out in ambient air.)
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F72, n BPEERERE & V2T 3 A TRIICA
NS &9 e RE T X D BIE B AR EL . OO 6 A s
@@ﬁi&m%:,;Dﬁwa/@vm%Mﬁ%%ﬁm

L, 278 P3HT IZFRE LB TIden 2 & 3oz,
WIRIT S ZDFEFET =— VD Voo BN BRI T2 & %1l
LD, KERLIEDAAED Vo BMZAEE LTV -2 &
LR ST,

Aﬂﬁﬁ XA E D X O e GHET S 2%t

TEEHROKIY & Vo T REHROR A IIHLERTH 5
&@mﬁf%é#,Eﬂﬁ%%ﬁﬁ%ﬁmTﬂ4x®ﬁk
(2RI 2 e KIRIC IR ST D DICHERH L Z L bbb
holz. ERTWMERTOREF M2y br—1d 5
Z & CHEEBEFEICHR 2R E o b AREE A R L
7.

%}I

52

AWFFEITEY LB ZEATIC I B TPEZER & o fh A rtfs
W7 a7 L5 OFEMAO N CirbivE Lz, AUFZEICE
VJ D KBTS A AGRAERAR, AR I B3 5 2
W~ F ¢ —FLOX MRt T N @iz LE.

F77, AAFFRIZEIT D STEM B L VEELS HHric L 55
A AW IE B IR S b o v 4 —TiThilE
L7-. ZZICHET — % OB L O T SIcsd 28E
ZFRLET.
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