This article was downloaded by: [University of California, San Diego]

On: 09 August 2012, At: 14:25

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Improved Performance in
Polymer-Fullerene Blend
Photovoltaic Cells by Insertion
of C60 Interlayer

Ryoji Maeda ? , Katsuhiko Fujita ® ® & Tetsuo Tsutsui
ab

& Department of Applied Science for Electronics and
Materials, Graduate School of Engineering Sciences,
Kyushu University, Kasuga, Fukuoka, Japan

® Institute for Materials Chemistry and Engineering,
Kyushu University, Kasuga, Fukuoka, Japan

Version of record first published: 22 Sep 2010

To cite this article: Ryoji Maeda, Katsuhiko Fujita & Tetsuo Tsutsui (2007): Improved
Performance in Polymer-Fullerene Blend Photovoltaic Cells by Insertion of C60
Interlayer, Molecular Crystals and Liquid Crystals, 471:1, 123-128

To link to this article: http://dx.doi.org/10.1080/15421400701545445

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400701545445
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 14:25 09 August 2012

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of California, San Diego] at 14:25 09 August 2012

Mol. Cryst. Liq. Cryst., Vol. 471, pp. 123-128, 2007 .
Copyright © Taylor & Francis Group, LLC ljzl?;gciﬁnas

ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400701545445

Improved Performance in Polymer-Fullerene Blend
Photovoltaic Cells by Insertion of C60 Interlayer

Ryoji Maeda

Department of Applied Science for Electronics and Materials,
Graduate School of Engineering Sciences, Kyushu University, Kasuga,
Fukuoka, Japan

Katsuhiko Fujita

Tetsuo Tsutsui

Department of Applied Science for Electronics and Materials,
Graduate School of Engineering Sciences, Kyushu University, Kasuga,
Fukuoka, Japan; Institute for Materials Chemistry and Engineering,
Kyushu University, Kasuga, Fukuoka, Japan.

We demonstrate the enhancement of the device performance in polymer:PCBM
blend photovoltaic cells by insertion of C60 interlayer between the active layer
and the upper electrode. The active layer was fabricated by spin coating of a
polymer  {(poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylene vinylene)(MEH-PPV)
or (poly(3-hexylthiopene)(P3HT) and fullerene derivative [5,6]-phenyl-C61-butyric
acid methyl ester(PCBM)}, then the C60 interlayer and LiF/Al electrode were
deposited. The both polymer cells with C60 interlayer showed significant increase
in the power conversion efficiency compared to cells without the C60 layer.

Keywords: buffer layer; bulk-heterojunction; organic photovoltaics; polymer photo-
voltaics

1. INTRODUCTION

Organic photovoltaic cells (OPCs) are attracting much interest due to
some potential advantages of low weight, mechanical flexibility, and
low cost production by use of printing technologies. The bulk hetero-
junciton (BHJ) type OPCs, which have the interdigitated bicontinuous
mixture of an electron donor and an acceptor, have been reported to
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show relatively high quantum generation efficiency of charge carriers
[1]. Uchida et al., demonstrated the significantly improved perform-
ance in a small molecule-based OPC with an organic p-i-n structure
which has molecularly mixed BHJ layer sandwiched between a donor
layer and an acceptor layer [2—4]. Organic conjugated polymers such
as poly(phenylene-vinylene) [PPV] derivatives and polythiophene deri-
vatives, have been also applied for OPCs. As the recent developments
in synthetic methods and device fabrication technologies, the polymer
PCs have continued to be improved in the power conversion efficiency
(np) [5,6]. Until 2006, over 5% of y, have been reported [7]. They
employed the BHJ consisting of a conjugated polymer and a fullerene
derivative, (6,6)-phenyl-C61-butyric acid methyl ester (PCBM). The
carriers generated at the donor/acceptor interface were transported
through the polymer network and the micro-segregated PCBM cluster.
To improve the carrier collection efficiency at the electrodes in the BHJ
cell, itis critically important to design the electrode/active layer structure
carefully. Lots of studies have been reported to increase the efficiency
by optimizing the upper electrode [8] and inserting a buffer layer [9].

In the present study, we demonstrate the enhancement of the
device performance in polymer:PCBM blend photovoltaic cells by
insertion of C60 interlayer between the active layer and the upper
electrode. The cells with C60 interlayer showed significant increase
in the 5, compared to cells without C60 layer.

2. EXPERIMENTAL DETAILS
2.1. Materials

The chemical structures of the used materials in this study are shown
in Figure 1. The polymers, poly((2-methoxy-5-(2'-ethylhexyloxy)-1,

e
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FIGURE 1 Chemical structures of MEH-PPV (a), and PSHT (b), and PCBM (c).
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4-phenylenevinylene) (MEH-PPV) and poly(3-hexylthiopene) (P3HT)
were purchased from American Dye Source and Aldrich, respectively
MEH-PPV was purified by reprecipitation twice from methanol before
use. PSHT was used without further purification. The PCBM was
synthesized as described in a literature [10] and used as an electron
accepter. A buffer layer material used poly(3,4,-ehtylenedioxythio-
phene):poly(styrenesulfonate)(PEDOT:PSS)(Baytron 4083).

2.2. Fabrication of Blend Photovoltaic Cells

Figure 2 shows the configuration of the fabricated devices, indium tin
0xide(ITO)/PEDOT:PSS/polymer:PCBM/LiF /Al, and inserting a C60
interlayer between the active layer and the upper electrode.

A pre-cleaned ITO substrate was coated with PEDOT:PSS, as a buf-
fer layer, by spin-coating at 1500 rpm for 30 s, followed by 5 min drying
at 120°C. The thickness of PEDOT layer was evaluated to be ~40nm
by a probe profiler, DEK-TAK3 (Ulvac). The chlorobenzene solutions
at the concentration of 1.0wt% of polymer:PCBM at the ratio of
MEH-PPV:PCBM = 1:4, PSHT:PCBM = 2:1 were spun on the sub-
strate. The film was then annealed at 150°C, 5min. A C60 interlayer
and LiF/Al cathode were deposited by a vacuum evaporator to make
four kinds of devices with the active area of 2 x 2mm?. The device
structures of A ~ G are shown in Figure 2.

LiF / Al
LiF / Al C60

MEH-PPV:PCBM MEH-PPV:PCBM
l ITO / PEDOTPSS | | ITO / PEDOT:PSS I
Device A Device B

LiF / Al
LiF /Al
LiF / Al C60 ¢

C60
P3SHT:PCBM P3HT:PCBM
P3HT
l ITO / PEDOT:PSS | | ITO / PEDOT:PSS l | ITO / PEDOT:PSS ]
Device C Device D~F Device G

FIGURE 2 Configuration of the fabricated Device A ~ F. Device A: MEH-
PPV:PCBM = 1:4, Device B: MEH-PPV:PCBM = 1:4/C60(10nm), Device
C: PSHT:PCBM = 2:1, Device D ~ F: P3HT:PCBM = 2:1/C60(5,10,30 nm),
Device G: P3HT/C60.
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For the measurements of the photocurrent action spectra, an
incident light of Xenon lamp passing through a monochromater was
irradiated onto the device from the ITO electrode side without applied
bias. The current—voltage characteristics of the devices were mea-
sured with a Keithley 238 source measurement unit under conditions
of both dark and illumination of 100mW/cm? white light provided
from a 1.5 AM solar simulator in the air ambient at room temperature.

3. RESULTS AND DISCUSSION

Figure 3a shows the J-V characteristic of Device A and Device B. The
short circuit current density (Jsc) was significantly increased by
inserting the C60 interlayer. Also in the case of PSHT:PCBM = 2:1
blend photovoltaic cells, the insertion of C60 interlayer (5 nm) caused
the improvement of the cell performance (Fig. 3b). The PC character-
istics of Device A~ D are summarized in Table 1. Under the
irradiation of AM1.5 at 100 mw/cm? Jsc and 7, were 6.79 mA/cm?
and 2.52% in Device A and those were increased to 7.70 mA/cm? to
2.82% in Device B. Also in the case of PSHT:PCBM, Jsc and n, were
increased 5.36 mA/cm?® to 7.05mA/cm? and 1.81% to 2.06% by the
insertion of C60 interlayer.

Figure 4 shows the incident photon-to-current conversion efficiency
(IPCE) spectrum of P3HT:PCBM devices with and without the C60
interlayer (~10nm). The IPCE is defined as the number of photogen-
erated charge carriers contributing to the photocurrent per incident
photon. Device C shows the typical spectral response of PSHT:PCBM
[9-11] with a maximum IPCE of ~50% at around 500nm. In

. X oM
0 - - -~ 8- - - B - o - R q 0 g--;xz--><--O-&--E--x—-&-&--@-'x’:é |
NE --O--Device A Dark N’E\ --O-- Device C Dark
§ 2 |~ -Device A Light i § _o |~ Device C Light
£ +X: - Device B Dark E [ - Device D Dark |
;fs —— Device B Light 2 —&— Device D Light
@ B 2
[} o 4
8 a
g 5
D - 1 £
3 S |
. I L L L -8 L I I | L !
-0.2 0 0.2 0.4 0.6 0.8 -0.1 0 01 02 03 04 05 06
Voltage(V) Voltage(V)
(a) (b)

FIGURE 3 Current density-voltage characteristic of device A and B (a). And
of device C and D (b).
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TABLE 1 Photovoltaic Properties of Devices for Different Materials used in
the BHJ Cells

Structure of BHJ Voo (V) Je(mA/cm?) FF (%)
Device A C60 (0nm) 0.75 6.79 0.49 2.52
Device B C60 (10 nm) 0.75 7.70 0.49 2.82
Device C C60 (0nm) 0.56 5.36 0.60 1.81
Device D C60 (5nm) 0.55 7.05 0.54 2.06

Device E, the IPCE was 30% higher than that of Device C at around
the absorption range of PSHT due to the C60 interlayer (10 nm) inser-
tion. In the varied C60 interlayer thickness from 0 to 30nm. Jsc
reached a maximum at 10nm. (Table 2)

One of the reasons for the performance improvement by the insetion
of C60 interlayer would be that the interface of BHJ and C60 can act
as an additional donor-acceptor junction, i.e., exposed fraction of
the polymer among PCBM on BHJ surface would contact to the
deposited C60. However, this contribution would not be dominant,
because Device G which has donor-accepor (D-A) heterojunction (HdJ)
structure (ITO/PEDOT/P3HT/C60/LiF/Al) showed much smaller
Jsc (0.8 mA/ cm?) than the increases of Jsc by the C60 insertion,
Adsc ~2.0mA/cm?, which is estimated from the Jsc difference
between Device C and Device E. Since the contact area between the
polymer and the C60 in Device E should be smaller than that in Device
G due to the PCBM also occupying the surface on the BHdJ.

Another reason of the improvement, which seems to be dominant,
would be that the C60 layer blocks the holes to prevent the collection
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FIGURE 4 IPCE spectra of device C~E (a) and UV-Vis spectra of PSHT,
PCBM, C60 (b).
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TABLE 2 Photovoltaic Properties of PSHT:PCBM = 2:1 Activelayer BHJ
Devices for Dependence of the C60 Interlayer Thickness (Device C~F)

Structure of BHJ Vo (V) Je(mA/cm?) FF (%)
Device C C60 (0nm) 0.56 5.36 0.60 1.81
Device D C60 (5nm) 0.55 7.05 0.54 2.06
Device E C60 (10 nm) 0.53 7.23 0.43 1.61
Device F C60 (30nm) 0.48 3.16 0.42 0.63

to the electron collecting electrode and the exiton to prevent the
quench on the metal electrode. C60 has a deep highest occupied mol-
ecular orbital (HOMO) level at 6.5eV. The hole blocking is provided
by the energy barrier between HOMO of C60 and that of the polymers,
MEH-PPV and P3HT, at 5.1 and 4.8 eV, respectively. These blocking of
the C60 interlayer should bring the improvement in Jsc until the ser-
ies resistance became too high by too thick layer at more than 10 nm.

4. CONCLUSIONS

We have investigated the polymer:PCBM bulk heterojunction photo-
voltaic cells with C60 interlayer. By inserting C60 interlayer
(~10nm), the both polymer cells with MEH-PPV:PCBM = 1:4 and
P3HT:PCBM = 2:1 showed significant improvement in Jsc and 7, in
approximately 10% compared to cells without the C60 layer.
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