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Organic light-emitting diodes based on a blend of poly [2-(2-ethylhexyloxy )-
5-methoxy-1,4-phenylenevinylene ] and an electron transporting material
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Organic light-emitting devices (OLEDs) containing a blend of po[@-(2-ethyl-
hexyloxy)-5-methoxy-1,4-phenylenevinylehéMEH-PPV) and an electron transporting material,
2,7-big2-(4-tert-butylphenyt1,3,4-oxadiazol-5-Jt9,9-dihexylfluorene have been fabricated. The
external quantum efficiencies of the OLEDs containing the electron transport compound were
increased significantly over those obtained for devices based only on MEH-PPV. For example, the
efficiency for a device incorporating 95% of electron transport compound was two orders of
magnitude greater than that for a nonblended device. In all of our investigations, the
electroluminescenc@range/yellow emissigroriginated exclusively from the MEH-PPV material,
even for very high concentratioris-90%) of the electron transport component.2004 American
Institute of Physics[DOI: 10.1063/1.1776621

Electroluminescenc€EL) in organic materials is now chased from Bayer AGwas spin coated onto the substrate
the subject of intense worldwide research. For balancegrior to the deposition of the polymer blend. These PEDOT
charge injection, multilayer structures, for example incor-layers (120 nm in thickness were dried for 12 h. in
porating both electron and hole transporting materials, aré0™* mbar vacuum at room temperature to remove residual
often fabricated. As an alternative, single-layer organic solvent.
light-emitting deviceq OLEDs) using blends of conjugated Electrical measurements were undertaken at room tem-
polymers and carrier transport materials have been invegperature with the OLED devices in a vacuum chamber
tigated> ™ Such devices have the advantage of easy manu<10* mbaj using instrumentation reported previousRfor
facturing in terms of a single-spin-coating process. We havebsorption and photoluminescen@®l) measurements, the
previously reported on single-layer OLEDs using blendsblend films were spin coated onto glass substrates. Absorp-
of poly[2-(2-ethylhexyloxy-5-methoxy-1,4-phenylene- tion and PL spectra were measured with a Perkin Elmer
vinyleng (MEH-PPV) with electron transport materials con- Lambda 19 ultraviolet/visible/mean-IR spectrometer and a
taining both oxadiazole and pyridine unit8In this work, an Fluoromax-3 spectrometer, respectively.
electron  transport — material,  2,7-fs(4-tert-butyl- The current versus voltagé—V) and light output versus
pheny)-1,3,4-oxadiazol-5-Jt9,9-dihexylfluoreng¢DFD) has  yoltage (L-V) characteristics of ITO/polymer blend/Al
been blended with MEH-PPV. This compound contains bothp £ps are shown in Fig. fpositive bias applied to the ITO
oxadiazole and fluorene units; oxadiazole to confer electrogjectrodg. The |-V and L—V characteristics of an OLED
injection, and the fluorene unit to provide blug emission. based on a purénonblendeyl MEH-PPV layer are also

MEH-PPV was purchased from the Aldrich Chemical shown for reference. It is evident that the current at a par-
Co. while DFD was synthesized in Durham, U.K. ItS ticyjar value of voltage decreased as the concentration of
chemical structure and synthesis are depicted in Scheme bhrp \yas increased. Figure 1 also reveals that the light out-
Indium-tin-oxide (ITO)—coz_a}ed glass from Merck with i from the blended OLEDs increased as the percentage of
sheet resistance of 13 [J™" was used as the anode. ITO prp in the blended layer increased from 20% to 70%, but
was patterned into 2 mm wide stripes by etching iNgecreased for higher concentrations of the electron transport
HCI:HNO;3:H,0(1:0.08: ] solution at 50°C. This substrate compound. At 25V, the light emission of the 70% DFD
was cleaned by ultrasonification in acetone and isopropyiycture was eight times that of a pure MEH-PPV device at
alcohol for 30 min each and dried with a nitrogen gun. Thejhe same voltage. The brightness of this 70% device was
polymer and electron transport compound were dissolved iBgg «q m2 at a current density of 66 mA crh The increase
chloroform to provide the blend solution, which was Spin ¢ the Jight output over most of the composition range of the
coated onto the patterned substrate. In our experiments, thgenged layer devices indicates an increase in the injection of
concentration of DFD was changed from 20% to 95% of theg|ectrons. The reason for the reduction in the light output for
total weight. The thickness of the blend film was set topends containing higher concentrations of DFD is not clear

120 nm by adjusting the concentration of the solution andy; hresent: the phenomenon is perhaps related to a decreasing
the spin speed. Following the spin coating, 1.5 mm wide Alpgle cyrrent for blends consisting predominantly of the
stripes (thickness 150 ninwere thermally evaporated per- electron-transport compound.

pen6d|cular to the ITO stripes at a pressure of about  The external quantum efficiencies of the blended layer
107 mbar. In some cases, pg8y4-ethylenedioxythiophene ) eps are shown in Fig. 2. These efficiencies increased
doped with polystyrene sulphonic aclBEDOT:PS$ pur- it the concentration of DFD over the range of compo-
sition investigated. The device fabricated with a 95%
3Electronic mail: m.c.petty@durham.ac.uk blend was about 100 times more efficient than that of pure
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Phase separation between constituent materials can be
detrimental to OLED performande.Structural defects
such as clusters can act as quenching sites, increasi%

(b) Voltage (V)

. 1. (@ |-V characteristics an¢b) L—V characteristics of MEH-PPV

the nonradiative decay of singlet excitons. In our work,

NOGLEDS fabricated using blends with various concentratidmysweighy of

sign of phase separation was evident using atomic forcerp. positive bias applied to the ITO electrode.

microscopy, although this is not a definitive method of de-
termining the distribution of the two components. A “dilu-
tion” effect may be a contributory factor for the increase
in our OLED efficiencies with increasing DFD concentra-
tion. As the polymer molecules become separated by th
electron transporting molecules, concentration quenching—;
intermolecular nonradiative decay of singlet excitons—will
be reduced resulting in an enhanced light output. Kﬁtmy.4

previously noted that the external quantum efficiency in-

creased over seven times when MEH-PPV was blended with

90 wt% polymethyl methacrylate an electro-optically inert
material. However, a much larger increase in efficie(ely
most 500 timeswas noted by mixing the MEH-PPV with
another electroactive polymer.

Figure 3 shows the absorption spectra of DFD, MEH-
PPV, and 90% DFD blend films and the PL spectra of DFD
and 90% blend films. For the PL measurements, both the
DFD and the 90% blend films were excited at 350 nm, the
wavelength at which the absorption in the DFD is a maxi-
mum while the absorption in MEH-PPV is low. The absorp-
tion spectrum of the blend film has features attributable to
both the DFD and MEH-PPV. The emission spectrum of the
DFD overlaps to some extent with the absorption spectrum
of the MEH-PPV, a necessary condition for efficient energy
transfer between two materidisThe electron transporting
material used in our study is itself a blue emitt&ig. 3).
However, no emission from the DFD was evident for the
OLED containing the 90% blend. This again, suggests that

Efficiency (%)

The results of the PL experiments are reflected in the
electroluminescent output of the OLEDSs. Figure 4 shows the
L spectra of OLEDs using pure MEH-PPV, 50% and 90%
FD blend films. The EL spectra of OLEDs using blend
films were very similar to the spectrum obtained from a pure
MEH-PPV film. Emission from the DFD was not detected
even at a high DFD concentration of 95%.

We have compared the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) energies for MEH-PPV and DFD using the semi-
empirical PM3 method, where a ten-repeat-unit oligomer
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the DFD and MEH-PPV materials are very well mixed in the rig, 2. External quantum efficiency versus current for OLEDs fabricated

blended film.

with MEH-PPV/DFD blended layers.
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FIG. 3. Absorption spectra of DFD, MEH-PPV, and a 90:10 DFD:MEH-
PPV blend; and PL spectra of DFD and a 90% blend excited at 350 nm. Th&lG. 4. Normalized electroluminescent spectra of OLEDs based on pure
PL spectra were normalized to the peak intensity of the DFD spectrum. MEH-PPV; 50% DFD and 95% DFD.

of 2-methoxy-5¢2-methylpropyloxy-1,4-phenylenevinylene
was used instead of the MEH-PPV ponrﬁeT.he results
indicate that the LUMO level of the DFD lies 0.1-0.2 eV
below that of the MEH-PPV, while the difference between
the HOMO levels of the two materials is three or four times
this figure. Thus, holes are more likely to be transferred fror'no]c
the ITO electrode to the MEH-PPV but electrons will move be
from the Al cathode to the DFD. This provides an alternativede
and, perhaps more likely, explanation for our results than th%r
energy transfer mechanism indicated above. For exampl
the excited MEH-PPV state can be formed by electron tran
fer from the DFD to the MEH-PPV. The relatively large dif-
ference in the HOMO levels of the MEH-PPV and DFD also
explains thel -V data shown in Fig. (). As DFD concen-
tration in the blended film increases, it will become more This work was supported by the Postdoctoral Fellow-
difficult to inject holes(the majority carriersfrom the ITO  ship Program of Korea Science and Engineering Foundation
into the blended film. (KOSEP (for one of the authors J.H.Aand by Durham
We have also undertaken preliminary work to improve County Council under the Science and Technology for Busi-
further the characteristics of our blended layer devi@s ness and Enterprise Programme SP/082.
by incorporating a hole transport layer, PEDOT:PSS, be-
tween the ITO anode and the blended film ghy by ther- T. H. Fuhrmann and J. Salbeck, MRS Bui003 354 (2003.
mally annealing the devices. In this first case, the current anofi- '\:alg?; K. ﬁhi?fgéHL-lgggdfégH- Onnagawa, and K. Miyasita, Jpn. J.
H : H ) . S., Par 3 .
light output versus voltage behavior of OLEDs incorporating 3Y.pgao, I?/D. Parker, G. Yu. c(. Zh:’ng’ and A. 3. Heeger, Nagboadon
PEDOT as a function of DFD concentration was similar with 347 414(1999.
those of OLEDs without the PEDOT layétata not shown 4, N. Kang, D. H. Hwang, H. K. Shim, T. Zyung, and J. J. Kim,
However, the external quantum efficiency of OLEDs with Macromolecules29, 165 (1996
the PEDOT layer were all increased by about a factor of 3,’P- Cea, Y. Hua, C. Pearson, C. Wang, M. R. Bryce, F. M. Royo, and M. C.
regardless of the cochntration of DFD, giving a. maXimum elzég)gaTr\]fl.nHSlgijI.:III;gz‘:ggn,ZZ;)(\/2\121?13; M. R. Bryce, M. C. Lopez, and M.
external quantum efficiency for the OLED containing 95% ¢ pey, Mater. Sci. Eng., @2, 87 (2002.
DFD of 0.3%. M. Strukelj, T. M. Miller, F. Papadimitrakopoulos, and S. Sehwan, J. Am.
For our annealing experiments, we heat treated the Chem. Soc.117, 11976(1995. _ _
OLEDs, following the Al deposition, at 160°C for 1 hin a P_. A. Lane, L. C. Palilis, D. F. O'Brien, C. Giebeler, A. J. Cadby, D. G.
vacuum of about I8 mbar. In the case of the OLED fabri- ;ggzegéébébcampbe”' W. Blau, and D. D. C. Bradley, Phys. Re\6%
cated with a pure MEH-PPV film, the external quantum ef- s,ypercheni 6.03, Hypercube Inc., 2000. The calculations terminated at
ficiency increased by a factor of 20 after thermal annealing, the root-mean-square gradient of 0.01 kcat Aol ™.
consistent with our previous studies and those of othef’T. W. Lee and O. O. Park, Adv. Mateieinheim, Gej. 12, 801(2000.
workers>®However, this efficiency improvement became ,,- W Lee and O. O. Park, Appl. Phys. Lefl7, 3334(2000.
less as the concentration of DFD was increased. For OLEDsE: M- Han. L. M. Do, N. Yamamoto, and M. Fujiira, Thin Solid Films
g 273 202(1996.
containing more than 60% of the electron transport Com-3r, vori, T. Mitsuoka, M. Ishii, H. Fujikawa, and Y. Taga, Appl. Phys. Lett.
pound, the quantum efficiency of the devices was reduced 80, 3895(2002.

after the heat treatment. These effects, which may be the
result of some phase separation/crystallization of DFD in
the blended layer OLEDY*® are currently the subject of
further investigation.

In conclusion, single-layer OLEDs using blended films
MEH-PPV and an electron transport material, DFD, have
en investigated. The external quantum efficiencies of the
vices containing the electron transport compound in-
eased significantly over those obtained for devices using

ure MEH-PPV. The results argue well for the development
of high efficiency OLEDs based on blended layers. However,
further work is needed on the various processing steps in
order to produce fully optimized devices.

Downloaded 21 Apr 2011 to 129.234.252.66. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



