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Abstract: To prepare highly efficient optical sensors for UVA light, an organic photovoltaic (PV) device, in
which 4 ,4" 4"-tris[ 3-methylphenyl ( phenyl ) amino | triphenylamine (m-MTDATA ) and Re( CO ), Cl-dipyrido
[3,2-a:2',3'-c | phenazine( Re-DPPz) are used as an electron donor and an acceptor, respectively, has been
fabricated by a vacuum deposition method. Under illumination with UV light (365 nm, 1.6 mW/cm®) , the
short circuit current, open circuit voltage, fill factor and power conversion efficiency of the PV device are
measured to be 57. 1 pA/cm’®, 0.86 V, 0.39, 1.2% respectively. These results indicate that the Re-DPPz
complex, a promising triplet emitter, is characterized not only by its electroluminescence but also by good PV
performance. These experiments also show that utilizing phosphorescent materials is a promising way to
improve the PV performance of a device.
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1 Introduction

Recently, organic PV devices have obtained
rapidly growing attention since the report by Tang in
1986'") because they had many potential advantages
over inorganic counterparts, such as lightweight, low
cost and easy to process etc. Most of the electron
accepting materials used as in organic PV devices
reported to date are conjugated polymers and
fullerenes, in which different kinds of functional
groups are attached’. Little attention has been
devoted to organic metal complexes as electron

#~61 Carbonyl bipyridine Re ( 1 ) com-

acceptors
plexes and their derivatives are characterized by
their long-lived Metal-to-ligand Charge Transfer
(MLCT) excited states, which can undergo different
photochemical or photophysical processes. They may
serve as good electron acceptors. Several Re ( I )
complexes have been used in PV devices'>*7'. One
of the most promising potentials of these devices is
the conversion of solar radiation into chemical ener-

gy'®. Besides, it is possible to use these materials

[6,9]

in application for UV detectors However, their

power conversion efficiencies are much lower than

LA,

AT OO

3,0

m-MTDATA

107 So enhan-

those based on conjugated polymers
cing the electron-carrier mobility and facilitating the
exciton dissociation after the photosensitization
process are crucial to improve the performance of PV
devices based on small molecular Re complexes.
DPPz derivatives had excellent electron-transporting
1

property reported before' Our group has studied
the EL properties of Re-DPPz'?' and the maximum
brightness of 990 ¢d/cm” and the maximum efficien-
cy of 6.3 c¢d/A were achieved from the EL device
using Re-DPPz as emitter. In this article, Re-DPPz
and m-MTDATA are used as an electron-acceptor
and a donor, respectively, in an organic PV device
and the photocurrent response is investigated. The
results indicate that the triplet complex Re-DPPz not

only possesses good electrophosphorescence perform-

ance, but also has potential applications in PV

fields' ™!,

2 Experiments

Re-DPPz was synthesized according to a litera-

ture procedure' "’

MTDATA and Re-DPPz are depicted in Fig. 1.

The chemical structures of m-

Al(100 nm)
LiF(1 nm)
Re(DPPz)(60 nm)
m-MTDATA(30 nm)
PEDOT: PSS(20 nm)
ITO

\;(Re(CO)JCl

Re-DPPA

Fig. 1 Chemical structure of organic materials and PV device configuration

The PV device was constructed by spin coatings
with a 20 nm layer of poly (3, 4-ethylenedioxythio-
phene) ; poly ( styrenesulfonate ) ( PEDOT; PSS) on
indium-tin-oxide (ITO ) substrate firstly. m-MTDA-

TA, Re-DPPz, LiF and a Al cathode are sequential-
ly deposited onto the above substrates by thermal
evaporation at a pressure of 2 x 10™* Pa without

breaking the vacuum. The deposition rates are moni-
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tored by a quartz oscillator and controlled at a rate of
0.2 ~0.4 nm/s for the organic layers and LiF, and
1.0 nm/s for the Al layer, respectively. The
absorption spectra of the organic films on quartz sub-
strates are measured with a Shimadzu UV-3101 PC
spectrophotometer. The light-state PV performance
device is measured under UV illumination of 365 nm
with 1. 6 mW/cm” through the glass/ITO side. The
PL spectra are measured with a Hitachi F- 4500 flu-
orescence spectrophotometer. All measurements are
carried out under ambient atmosphere at room tem-

perature without encapsulation.

3 Results and discussion

The PV device with structure of 1TO/PEDOT
PSS/m-MTDATA/Re-DPPz/LiF/ Al is fabricated as
shown in Fig. 1. To form a smooth contact between
the Re-DPPz and the Al electrode and to strengthen
adsorption of Re-DPPz on the Al electrode surface, a
LiF layer is introduced between the Re-DPPz and the
Al electrode.

Fig. 2 shows the emission spectra of a Re-DPPz
film, a m-MTDATA film and a m-MTDATA/
Re-DPPz film. For the m-MTDATA/Re-DPPz film,
the emission at 424 nm originates from m-MTDATA
and the shoulder band from 470 nm to 650 nm is

—v— m-MTDADA/Re-DPPz  —— m-MTDATA
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Fig.2 Emission spectra of Re-DPPz film, m-MTDATA
film, and m-MTDATA/Re-DPPz two-layer film

probably ascribed to exciplex emission. Figure 3

shows the absorption spectra of m-MTDATA, Re-

DPPz, m-MTDATA/Re-DPPz films, and the photo-
current response curve of the device. It can be found

that profile of the photocurrent response curve is
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g.3  Absorption spectra of Re-DPPz film, m-MTDA-
TA film, m-MTDATA/Re-DPPz film, and pho-

tocurrent response of PV device

near to the lower energy absorption band of m-MT-
DATA film centering at 350 nm, although the two-
layer film absorption spectrum also contains the con-
tribution of Re-DPPz. These results indicate that the
photocurrent is mainly based on the absorption of m-
MTDATA because the coefficient of m-MTDATA is
greater than that of Re-DPPz( see Fig. 3) which is
different from the results reported by Tang''.
However, here Re-DPPz is necessary to the efficient
photocurrent which originates from the PV device. In
the absence of Re-DPPz layer, for an PV device with
structure of ITO/ PEDOT. PSS/m-MTDATA/LiF/
Al, the typical parameters, the I of 5.8 pA/cm’,
U, of 0.84 V, FF of 0. 29 and the power conversion
efficiency of 0.09% have been determined. The
conversion efficiency is about thirteenth times as
small as that of the PV device containing a Re-DPPz
layer. So the interface between the m-MTDATA and
the Re-DPPz plays the active site for the exciton dis-
sociation. This is explained as following. m-MTDA-
TA is a well known hole-transporting and injection

[15]

material" 7' and it is easily formed a exciplex with

Re-DPPz due to the excellent electron-transporting
ability of DPPz'""". Thus, m-MTDATA should play

a role as an electron-donor''® , and Re-DPPz as an
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electron-acceptor in our designed PV device. The
exciplexes are formed in the interface of m-MTDA-
TA/Re-DPPz. It is concluded that the PV process in
the device ITO/PEDOT: PSS /m-MTDATA/Re-DP-
Pz/LiF/ Al is as follows. First, excitons are photoge-
nerated in a region of m-MTDATA layer near to the
interface between the m-MTDATA and the Re-DPPz
films because efficient photoabsorption mainly takes
place in the m-MTDATA layer; second, the genera-
ted excitons diffuse to the interface between the two
kinds of materials with different electron affinities
and ionization potentials, where exciton dissociation
is known to be efficient; then the electron is accept-
ed by the material with the large electron affinity and
the hole by the material with the low ionization po-
tential ; finally, electrons and holes originating from
the exciton dissociation travel through the Re-DPPz
layer and the m-MTDATA layer to cathodes and
anodes, respectively. Here, triplet Re-DPPz with
long exciton lifetime may extend exciton diffusion
length' "

Fig.4 (a) shows the I-V characteristics of the
PV device under UV light (365 nm) illumination
with total power density of 1.5 mW/cm’. I-c, U, ,
FF, and power conversion efficiency are measured to
be 57.1 pA/cm’, 0.86 V, 0.39, and 1.2% , re-
spectively. The most sensitive response wavelength
of the device is about 300 ~400 nm, so it is very
suitable to detect UVA light.
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Fig.4 I-V characteristics of PV device under 1.6 mW/

em” UV light irradiance
4 Conclusions

In summary, the PV device based on triplet
complex Re-DPPz sensitive to UV light is fabricated.
It can be used as an optical sensor to UVA light.
The power conversion efficiency has achieved 1. 2%
in a simple multilayer heterojunction structure,
which is comparable with those based on the rare-
earth complexes reported by us before'®'. It indi-
cates that utilizing phosphorescent materials is a
promising way to improve PV performance. We an-
ticipate that the triplet materials could be further im-
proved in power conversion efficiency by employing
new materials and adopting optimal architectures of

devices.
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