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We report electroluminescencéEL) in photovoltaic (PV) cells based on semiconducting
polymer-fullerene composites. By applying a forward bias to the PV cells, the devices exhibited a
clear EL action with a peak around 1.5 eV. We ascribe this peak to an “electric field-assisted
exciplex” formed between the electrons in the fullerenes and the holes in the polymers, thereby
resulting in radiative recombination in the composites. This finding is totally unexpected because of

a strong photoluminescence quenching in the same materials. Since the same devices also showed
typical photovoltaic effects under illumination, our results demonstrate a dual functionality in one
device; polymer photovoltaic cells and polymer light-emitting diodef2005 American Institute of
Physics[DOI: 10.1063/1.1924869

Semiconducting polymer-fullerengCgy) composites quite plausible. In this work, we report a clear EL action in
continue to be promising materials for organic photo-the polymer-fullerene PV cells under forward bias above 5 V.
voltaics! Recent progress in these polymer photovoltaics re-  Composite solutions of polf2-methoxy-5¢2’-ethyl-
sults in power conversion efficiencies around 3%-4% undehexyloxy)-1,4-phenylene vinyled€MEH-PPV), and soluble
AM1.5 (AM =air mass irradiation? This class of devices is Cg, {6}-1-{3-(methoxycarbonypropyl]-{5}-1-pheny! [5,6]-
based on an interesting photophysical phenomenon, calle@s; (PCBM) were prepared by blending parent solutions
“ultrafast photoinduced charge transfer.” After photoexcita-(MEH-PPV in tetrahydrofuran and PCBM in chlorobenzene
tion of the semiconducting polymers, the excitedwith various weight percentsvt %) of PCBM; 0, 5, 10, 20,
electrons in the polymers transfer toggCwithin ~50 fs  and 50 wt %. These composite solutions were stirred at room
timescal€’ Since this process is faster than any other comiemperature for 12 h. Each solution was spun on precleaned
peting radiative and nonradiative decay processes, signiflJV-graded fused silica substrates for optical absorption and
cant photoluminescencéPL) quenching occurs in the PL spectra measurements. All of the cast films did not show
composites. The inhibition of early time recombination of- any phase segregation of MEH-PPV and PCBM. Optical ab-
fers a way to efficient charge separation, which stimulatesorption spectra were recorded by a Varian 5E UV-VIS-NIR
the application of high-efficiency photodiodes and photovol-spectrophotometer, while Oriel Instaspec IV charge-coupled
taic (PV) cells using these composites. device detection system in combination with a solid state

It is reported that the back transfer of the electrons fromaser(532 nm was used for the PL spectra measurements.
Ceo to the polymer is remarkably slow in the order of Polymer-fullerene PV cells of various concentrations of
miliseconds’® Steady-state photoinduced absorpti®HA)  PCBM (0, 5, 10, 20, and 50 wt Yawere fabricated with a
and nearly steady-state PIA experiments have confirmed th@jpical device structure of ITO/PEDOT:PSS/MEH-PPV
these transferred electrons are relaxed in the lowest unoccu-PCBM composite/Al. Pol§8,4-ethylenedioxylene
pied molecular orbitalLUMO) of Cgo.°~® Previous PL spec-  thipheng-polystyrene sulphonic acidPEDOT:PS$ was
troscopic studies suggest that the recombination between thged as a buffer layer, which acts as a hole collecting layer
LUMO of Cg and thew band of the polymers is a nonradi- and also decreases morphological roughness of the ITO sur-
ative decay based on an absence of the PL signature in thgces. The thicknesses of the composite films were around
corresponding energy rang®5.This nonradiative nature 100 nm. Then, an aluminuil) electrode was deposited by
originates from the lattice relaxation of the transferred elecysing a thermal evaporation in a vacuum of abobt 5.
trons in G with a Jahn—Teller-type distortiot'° The relax-  The current density-voltagel-V) characteristics of the de-
ation process induces an interfacial barrier at the interfacegices were measured under illumination and in the dark us-
between the semiconducting polymers ang, C%hereby ing a Keithley 236 source measure uf8MU). A solid state
forming metastable states ingQwith ~us lifetime.” How-  |3ser was used as a monochromatic light soufi®2 nm,
ever, the interfacial barriers arising from such an electrongqg mW/cn?) for the photovoltaic measurements. The
lattice coupling can be overcome by applying an additionalyminescence-voltagé.—V) characteristics of these devices

external force such as electric field or by thermal activation,yere optained by a Keithley 236 SMU equipped with a cali-
In such a case, it might be possible to induce radiative black,,teqd photomultiplier tube.

recombination in these systems by applying substantial elec- p| quenching in donor-acceptor composites is a useful
tric field. In particular, since relatively strong electric field ,qication for the efficient charge transfer between the two
can be applied in recent polymer devices, the possibility Ofcomponenté.Figure 1a) shows the PL spectra of the MEH-

electroluminescencéEL) in polymer-fullerene devices is ppy/pcBM composite films with various concentrations of
PCBM. The results exhibit a significant PL quenching of the
@Electronic mail: kwhlee@pusan.ac.kr MEH-PPV emission in the composites. Even for the lowest
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FIG. 2. Current density-voltage and luminance-voltage characteristics of the
3 typical ITO/PEDOT:PSS/MEH-PPV+PCBM/AI devices.
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2 [/ ) tion is quite substantial. We precisely duplicated the experi-
——20wt.% v& . . .
r0d ments with consistent results both in the PV responses and
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EL actions in this system. Moreover, we also observed iden-
tical effects using other electroluminescent polymer systems,
such as composites of po[2-methoxy-5¢3’,7’-dimethyl-
octyloxy)-p-phenylene vinylene (OC,0C,-PPV) and
PCBM, and composites of polyalkyfluorene derivative with
Cso pendant Therefore, we can safely conclude that this is
a general phenomenon for those systems of electrolumines-
cent polymer-fullerene composites.

Voltage [V] Considering such a complete PL quenching in the same
FIG. 1. (a) PL spectra of the MEH-PPV+PCBM composite films with materlals[see F.Ig' la)] eve.n fo.r the lowest concentration of
various PCBM concentrations. The inset shows the photoinduced chargE(,:BM (5%?’ this observation I,S somewhat uneXpe(‘jted‘ One
transfer between MEH-PPV and PCBMb) J-V characteristics of Might consider that some nonideal states of the active layers,
the ITO/PEDOT:PSS/MEH-PPV+PCBM/Al device under 532 nm such as phase segregation in the composites, would be re-
illumination. sponsible for this observation. However, obvious function as
photovoltaic cells for the same devices clearly rules out such
a possibility[see Fig. 1b)]. In general, the failure of the

Lm0 .
PCBM concgntratlon( 5%) film, the PL is completely . formation of the interpenetrating networks in the composites
quenched with almost no spectral feature over the entirg ou1d lead to a poor photovoltaic performance

ranges. This observation obviously indicates that the charge In order to clarify the origin of light emission in the
transfer from MEH-PPV to PCBM occurs efficiently, and the composite PV cells, therefore, we have measured the EL

back—tra?ger proceeds with the nonradiative recombinatiogpeCtra of the devices as shown in Figa)3The low con-
proce;;l. ) , , centration device&s and 10 wt % show more or less similar
Utilizing those composites as an active layer, weg spectra with that of the pure MEH-PRU%) with a peak

fabricated t.ypical PV cells with a structure of 5.5,nq 2.1 eV, which corresponds to the characteristic lumi-
ITO/PEDOT:PSS/MEH-PPV+PCBM/Al. - Figure (1) ogcent peak of MEH-PPV, and with a weak feature around

shows theJ-V curves of the PV cells under monochromatic 1.7 eV. However, the device of the 20 wt % PCBM exhibits

illumination (A =532 nm, 30 mW/cr%).'The data clearly in- 5 gramatic change in the spectrum; the 1.7 eV feature grows
dicate typical PV effects for all devices. The short circuitqg the prominent peak and a new peak develops around 1.5
current(lso) increases gradually with increasing PCBM con- ey For the 50 wt % device, the 1.5 eV peak dominates the
centration, while the open circuit voltage/o) remains  spectrum with completely suppressed features of the 2.1 eV
around 0.8 V for all devices. From these PV parameters, w@eak. Although previous PL studies on thg,Ghin films

evaluate the power conversion efficienciés,) as 7, unambiguously assign the 1.7 eV peak to the emission from
=0.13%-0.8% for these devices. Using a higher PCBM rati®CBM* the origin of the 1.5 eV peak is unclear.

Current Density(mA/cmz)
o

(~75 wt %) composite, we achieveg,=2.3% (not shown As shown in the energy level diagram of the devices in
here under monochromatic light excitatidn. Fig. 3(b), three kinds of recombination are possible in their
Using the same devices as above, we further applied thexcited states; transitions I, 1l, and Ill. Transition | corre-

forward bias up to~10 V without any illumination. Then, sponds to ther-# recombination of MEH-PPV2.1 eV),

we surprisingly observed that these PV cells exhibit a typicalvhile the highest occupied molecular orbitdHOMO)-

EL under forward bias as shown in Fig. 2. The light emissionLUMO transition of PCBM (transition 1) yield the 1.7 eV
starts above a turn voltage around 5 V and reaches the valygak. Transition Il is a direct recombination between the
above~20 cd/nt at 10 V for the lowest concentration de- two components, and generally characterized as an
vice (5% devicg. The luminous intensity decreases with in- “exciplex."16 We attribute this to the 1.5 eV feature.

creasing PCBM concentration. Although the luminance of  Although we can easily assign those features in the EL
the composite devices is weak as compared with that of thepectra as above, the questions arise how the EL spectra
typical polymer light-emitting diode&P-LED), this observa- evolve with the concentration of PCBM in the composites,
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dissociation’® In such a situation, the injected electrons in
MEH-PPV transfer to the LUMO levels of PCBM, and the
7 holes injected to the PCBM part move to the HOMO of
MEH-PPV. In particular, when a strong electric field is ap-
plied over thin active layers, the charges form an exciplex by
reducing the interfacial barrier at the heterojunction as simi-
lar to the case of the bilayer-type organic-LEB§9 These
exciplex recombine eventually with a light emission, corre-
sponding to the 1.5 eV feature.

In conclusion, a dual functionality in one device is dem-
onstrated by observing an EL action in the polymer-fullerene
photovoltaic cells under forward bias. Moreover, the EL

MEH-PPV x 0.5
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&

EL Intensity (Arb. Unit)
[ W

.

1.6 1.8 20 22 24 spectra show a systematic evolvement of a peak around 1.5
Energy (eV) eV with increasing fullerene concentration in the composites.
We ascribe this peak to an “electric field-assisted exciplex”
(b) * MEH-PPV formed between the electrons in the fullerenes and the holes
in the polymers. The strong electric field in such thin-film
LUMO Cy 43ev devices reduces the barriers of the meta-stable electrons in
4.7evV o m[ ” Cso  thereby inducing radiative recombination in the
7 —IERTEY Al polymer-fgllere_ne cor_nposites. We ex_pect that such a dual
1TO HOMO G fu_nctlonallty will prqwde an opportunity to_create a .s_mart
display equipped with a self-energy supplying capability.
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