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CON XTM/2(EEER AR Will, XP-2 GFriX
R #E (36 [ KLA-Tencor 4 ), MoOg ) 75 K 1 #
40.03—0.06 nm/s; Rubrene, Cro 1 PTCBI ) 7%
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Fig. 1. Energy level of OSCs (a) and molecular struc-
ture of PTCBI (b).
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= Cro FILUMO 5 2% J94.39 oV 21 3% 58 0 ) £ K
T . . . Voc Bii%A 1.01 V. 46 A PTCBIEM 213344 B
400 500 600 700 800

) Voc 790.523 V, BIRE Cro 5 AlHR A FA
0.49 VIJHESRIK. AN PTCBIEHZ )G, #+ B
1 Voc N0.891 V, HLEHUR B Z D, mMEEA
PTCBIUEM 2 J5 A UM kL5 Ha il 51 (1) 42 fi 15 2]
M. PTCBIFHOMO 5 LUMO R824 5 N 6.2

Wavelength /nm

2 (MTI# ) Rubrene, Cro 5 PTCBI # RIS i
Fig. 2. (color online) Absorption spectra of the Rubrene,
Cr0, and PTCBI thin films.

. — With PTCBI Fir4.5 v 181 HOMO fg4t 5 Cro FIULHEL, LUMO fig
=1 WA, HIHLUMO BEZ M5 Al AR 1T
< 0 PR Z BN, WWE L (a). X ST 5 R4
g 151 TR B LS 72 A2 (0 15 A Cro JE 23 PTCBI A%
" ol 366 30 BA A TG 20 5 Bl K B BE B, T B BR 4 fl, 42
st fe 1B AL 3 B AL AR B R, AR A R 1 e AT 2
0 .
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E3 4N PTCBI ¥ OSCs 4k &1 3%
Fig. 3. EQE of OSCs with PTCBI.
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TF A5 BB S 4. 6 Ho 4 o i i 22 A . e
% 1R K5, AT LI Y, 7 PTCBI I LT D e
TN PERER B BRI, Voo 38 T
70.4%, Jsc #E 1 125.1%, FF 45 1 55.5%, np &
BT 292.2%. T TH 55 45 A HLK A A BRI Voo

Current density/mA-cm~2
o -
T

K4 FASEFANPTCBIL OSCs ) J-V #iZk
Fig. 4. Current density-voltage characteristics of
OSCs with and without PTCBI.

F1 HANSREN PTCBI K OSCs itk RES %L
Table 1. Characteristic parameters of OSCs with and without PTCBI.

Device treatment Jsc/mA-cm™2 Voc/V FF/% ne /%
Without PTCBI 1.696 0.523 28.8 0.255
With PTCBI 3.818 0.891 43.3 1.472
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3.2 PTCBIEEML

N TR B AR BB AT R BE, 4 il 4 T3,
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K5 A W, 4f N PTCBI J&, 84k & Witk GE 15 bx
AR AFAE R, HoA 36 N RN 6 nm [ PTCBI
) 28 PR Ve R St B 6 0 4% 1 2% T ME g 4 bR Bl
PTCBIJE & AZ 16 1 il 2k, L 1K 6 (a) 2 281410
Voc 5 Jsc i PTCBI JE FEAR L ) i 2. HHEI6 (a)
Al W, i NPTCBI, Voc i % # K, i PTCBIE
FERIE N, Voo BAA R, Jsc B PTCBI & B
B omeRgn, 24 PTCBI R LA R] 6 nm Z J5, 45 4F
1) Jsc AR, AT Id & B4 2 2 BRAS 3 T
iz, 6 (b) &8 1FFF 5np B PTCBI B4R
1eifih 28, 6 (b) o] W.: FF K7 pE PTCBIJE
RN SE 8, 24 PTCBI #)E E#id 3 nm 2 )5,
FF JF 48N np i PTCBI R 28k il#a3 5 Jse
FEAL, B BE PTCBIJE & (38 0 234 n, 4 PTCBI
HEEIRR] 6 nm 2 J&, np UGV,

B b MK 5 R, W% PTCBIJEFE R,
FHZ 0.7 VIS J AR T 2%, 4 PTCBI
JEREN9 nm B, 78 Voo fE I X 4 HIL T S
T 2%, HLEE% PTCBI & R 1 hn S & il £& & & 1
. BRIBAMHEEERE, KUK E PTCBLE

TN ES A ER G L PH R A8, SRS AN MG K (W
F2). MIXFPI G, AT LLHEM, 2% 48 H 1
PTCBLJZ FiiZ 53 NP 4y, B4 B AR ) AL &
B S5 ARPBEN Y. HBENH BT
PTCBI 5 Al R ML A, S HAE 1G58, 1M
RIBFE 5 PTCBLE A PERE. T 0L E
HEM, AT H: WA PTCBLER!, Al HE2

JHi]

——0 nm

0 ——3 nm

= e
——15 nm

Current density/mA-cm~2

——21 nm
1 1 1 1

0 0.2 0.4 0.6 0.8 1.0

Voltage/V

5 (MTIRA) fiAARELE PTCBI OSCs I J-V
R i 2%

Fig. 5. (color online) Current density-voltage charac-
teristics of OSCs with various thickness of PTCBI.
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Fig. 6. Characteristic of OSCs with various thickness

of PTCBI: (a) Js¢ and Voc; (b) FF and np.
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ER T Cro )2, 8 Cro FE T W HIFEKR,
(& T bR AR LL B 25 24 PTCBIA 3 nm I, 141
i, ALRT LA i B E BB R T Cr 2,
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JE W HLRR VR I RO IR, BT DLSE — P i BRI AT DL HERR.
PTCBI ) LUMO B¢ 5 Cro #H Z AR/, ANIEAERE
PRz, ARSI R B, BT DASE i (R A ]
DAHERR. =56 b H T 281 4 B 7 14 8 PTCBI
(1) LT IE 8 26 LU A% 4 23 7 Rubene 1723 70T RS %
K2 ES, XSRS T MEE AR E g
TAEPTCBL 5 A AR R, FFAE I FHHTE B
WM T H &, Wagenpfahl 25 28135 H: OSCs £
HECR AR 5] IR (Jr) NG IR
[ (Jo) 5o RESRMER TE &I (Jr) Z
7z, Bl

Jg = Ja — Jr., (2)
Hor g AT LR R A 29
An
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An AR AR 2 18] X 38 g SRR B, 7 A%
B Gy, LR E IR, MRS
WeE R, fEPTCBLEE/NTET 6 nmbf, An5 L
ST EA MR/, 7T LLZNE. (HEEE S
(RI3G N, LBGAN, v 30 B AR S TR, Hfiy SR AR
BRI, An 380, 2R EE5mEl, S350 Jg 1
K, Jg BEAK, THRA J-V i 2k b B S .

*2 HAREEE PTCBI K OSCs it & B s i
Table 2. Rg of OSCs with various thickness of PTCBI.

PTCBI

0 3 6 9 15 21
thickness/nm

Rs/Q-cm?  373.32 42.76 62.93 109.95 398.76 500.89

4 %2 #®

PTCBIYE A M #4521 |2 B 25 T Cro 5 Al
i A1 5 Cro 22 8] & B RK 4 B2 fih, W7 & 3% 38 &
Rubrene/Cro 57 i1 45 OSCs #3141 Voc. PTCBI K]
LUMO fig 4k 5 Cro UL, {45 H 7 68 H 29k Al
HEL, 2@ T Jso. LA PTCBIRE R, nl & &
FETFBEAR (1 BE, 24 PTCBI B 96 nm i, 58
18 Jsc, Voo, FF 5 np 754 3.818 mA-cm ™2,
0.891 V, 43.3%, 1.472%, S5AKHEANFI#1FH L, 4
B E T 125.1%, 70.4%, 55.5%, 292.2%. PTCBI
) B T 3E #2 Z L Rubrene ) 2 7GE R R AL 2 N4
B, BT REEFAENE BB TFSEPTCBLS
PR AR B, TR TR A FEERIF J-V 2k
HILSIE.
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Influence of PTCBI as cathode modification on the
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Abstract

Organic solar cells (OSCs) with the structure of ITO/ MoO3(6 nm)/ Rubrene(30 nm)/Cr¢(30 nm)/ PTCBI(x nm)/
Al(150 nm) are fabricated. Role of perylenebisimide with extended pi system (PTCBI) modified cathode layer in
Rubrene/Cro based organic solar cells is investigated. Experimental results show that the insertion of PTCBI between
Cr7o and Al electrode can significantly improve the performance of the devices. PTCBI contributes to an Ohmic contact
between the Czo layer and Al cathode, which enhances the built-in potential in OSCs. Furthermore, PTCBI avoids the
contact between the excitons and the Al electrode, and reduces the damage of high energy Al ions to C7g in the cathode
preparation process. The effect of PTCBI thickness on the performances of OSC is also studied. The results indicate
that the optimized PTCBI thickness is 6 nm. Compared with the performances of OSC without PTCBI, the open
circuit voltage (Voc), fill factor (FF), short current density (Jsc), and power conservation efficiency (np) of the optimum
device are ameliorated by 70.4%, 55.5%, 125.1%, 292.2%, respectively. The cause of S-shape J-V curve in organic solar
cells with thick modified cathode layer is analyzed. The modified cathode layer can be divided into two regions: the
PTCBI layer and the Al permeated PTCBI layer. The electron mobility of PTCBI layer is lower than the hole mobility
of Rubrene layer, which results in the charge accumulation on the unaffected PTCBI layer. When the thickness value
of PTCBI layer is small, the whole modified cathode layer is permeated by Al ions, and this layer has better electron
mobility than the unaffected one. When the thickness of PTCBI layer is 6 nm or more, the series resistance of OSC will

increase and the S-shape J-V curve appears.
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