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An efficient organic light-emitting device using a trivalent europiufEu) complex
Eu(Tmphen)(TTA) (TTA=thenoyltrifluoroacetone, Tmphei8,4,7,8-tetramethyl-1,10-
phenanthroline) as the dopant emitter was fabricated. The devices were a multilayer structure
of indium tin oxide/N,N-diphenyl-N,N-bi8-methylphenyt1,1-biphenyl-4,4-diaming40 nm)/

Eu complex:4,4-N,N-dicarbazole-biphenyl (1%, 30 nm/2,9-dimethyl,4,7-diphenyl-1,10-
phenanthroling20 nm/AIQ (30 nm)/LiF (1 nm)/Al (100 nm. A pure red light with a peak of

612 nm and a half bandwidth of 3 nm, which is the characteristic emission of trivalent europium
ion, was observed. The devices show the maximum luminance up to 80, calinexternal
quantum efficiency of 4.3%, current efficiency of 4.7 cd/A, and power efficiency of 1.6 Im/W.
At the brightness of 100 cd/mthe guantum efficiency reaches 2.2243 cd/A. © 2003 American
Institute of Physics.[DOI: 10.1063/1.1626022

Organic light-emitting device$OLEDs) are one of the studied its EL properties. The europium complex is
most promising next generation low cost full color flat panelEu(Tmphen) (TTA} (TTA=thenoyltrifluoroacetone,
displays alterative to liquid crystal-based ones. At presenffmphen= 3,4,7,8-tetramethyl-1,10-phenanthroline). The
organic materials including fluorescent organic molecule€€u(Tmphen)(TTA) is synthesized by a conventional
and polymers, and phosphorescent organic molecules witmethod'® Europium chloride was prepared by suspend an-
heavy metals have been widely used as active mediums imydrous europium oxid€99.99% purg in hydrochloride
OLEDs!™® These organic materials show good electrolumi-acid and digesting on a steam bath until completely dis-
nescent performance in OLEDs, particularly, the phosphoressolved. The ligands 3,4,7,8-tetramethyl-1,10-phenanthroline
cent molecules have been demonstrated the prospect of obnd thenoyltrifluoroacetone were dissolved in 95% hot etha-
taining devices with the internal quantum efficiencies ofnol, then sodium hydroxide was added. The mixture was
100% through radiative recombination of both singlet andstirred while europium chloride solution was added drop-
triplet excitons® However, the broad nature of the lumines- wise. The mixture was cooled after 2 h, and washed with
cent spectra of these organic molecules leads to the pogvater and ethanol, in turn, and finally recrystallized. Figure 1
luminescent purity, which are dull and, thus, not suited forshows the chemical structure of Eu(Tmphen)(TJA)
actual display applications. For OLEDs, the development of  The EL properties of Eu(Tmphen)(TTAwere studied
high-performance red emission is still much in demand comby using multilayer structure of indium-tin-oxidéTO)/TPD
pared with both green and blue emission, which are alread40  nm)/CBP: Eu(Tmphen)(TTA) (30 nm/BCP
available. Therefore, how to obtain red OLEDs with high(zo nm)/Alg (30 nm/LiF (1 nmJ/Al (100 nm (Fig. 1),
efficiency as well as good purity of color is necessary. where TPD is N,N-diphenyl-N,N-bi8-methylphenyk1,1-

It is well known that rare-earth complexes emit sharppiphenyl-4,4-diamine as the hole transport layer, CBP is 4,4-
spectral band due to innémorbitals of the central rare-earth N N-dicarbazole-biphenyl as the host, BCP is 2,9-dimethyl-
metal ions and are expected to show high luminescence ef 7-diphenyl-1,10-phenanthroline as the electron transport/
ficiency since both singlet and triplet excitons are involved inhole block layer, and Alg is tris(8-hydroxyquinoling
the luminescence proce3©f rare-earth complexes studied, ajuminum as the electron transport layer. LiF/Al is as the
europium complexes, which exhibit strong photolumines-cathode. All the organics were evaporated with rate in the
cence corresponding to tiB,—'F; transition of EG* ions,  range 0.1-0.3 nm/s under high vacuurs3x 10~* Pa).
appear most attractive in view of red emission ability. At The metallic cathode was evaporated at higher (@t@—1
present, OLEDs based on europium complexes hav@m/g without opening the vacuum. Current—brightness—
achieved certain progress in electroluminesceiil)  yoltage characteristics were measured by using a Keithley
performancé;® but the EL efficiency, particularly in the source measurement uriiteithley 2400 and Keithley 2000
case of high brightness such as 100 cti/m not satisfied \yith a calibrated silicon photodiode. The EL spectra were
compared to the fluorescence organic molecules and electrgyeasured by JY SPEX CCD3000 spectrometer. All the mea-

phosphorescent organic molecules. The design of europiug),rements were carried out in ambient atmosphere at room
complexes as active medium in OLEDs to further improvetemperature. The active area of device is 9%nm

EL efficiency is therefore crucial for practical applications. Because the doping concentration of
In this letter, we developed a europium complex andgy(Tmphen)(TTA) in CBP significantly affects the lumi-

nescence efficiency, we first optimized the doping concentra-
3Electronic mail: mdg1014@ciac.jl.cn tion. A 1% Eu(Tmphen)(TTA) doped CBP device exhibits
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recombination of long-lived triplet excitons, which has been

Glass substrate explained as triplet—triplet annihilation on CBP molecules

following back transfer from TTA due to the near resonance

FIG. 1. Chemical structure of Eu(Tmphen)(TT2gnd structure of the elec- of TTA and CBP triplet stateS.

troluminescence device. Figure 4 shows the EL spectra of the 1%
Eu(Tmphen)(TTA) doped CBP device at different voltages.

- . . It can be seen that a pure red3Euion emission based on
the best efficiency and luminance. Figure 2 shows thegD _.7F, transition with a peak of 612 nm and a full width
current—brightness—voltage characteristics of a 10/%lt %alf maximum of 3 nm was observed at a wide voltage
Eu(Tmphen) (TTA} .doped C.BP device. The wrn-on voltage range. In the case of a doped organic system, carrier trapping
was 7 V. The_ maximum brightness of 800 cd/mas ob- and Faster energy transfer are thought of as two main lumi-
tained at drive voltage of 24.5 V. The EL quantum ,oqcone mechanismb.The two mechanisms may simulta-
efficiency—current characteristic of the same device was als eously exist in the luminescence process, or one of them is
measured, as shown in Fig. 3. A maximum current efﬁciencydominant which depends on the used d(’)pant and organic
of 4.7 cd/A, corresponding to an EL_quantum efficiency 0fhost. For,the case of europium complex doped in CBP, gen-
4'3%’ was obtalned_ ‘_it current density of 0.1 mA%’cFth erally considered that the energy transfer between CBP and
maximum power efficiency reached 1.6 Im/W. At the bright- europium complexes is incomplétdhe fact that no emis-
ness of 100 cd/f) the qua_mtum efficiency yet reaches 2'.2%sion from CBP in an Eu(Tmphen)(TTAXoped CBP device
(2.'3 cd/A at current density of 4..3.mA/c"anote, asseenin . as observed demonstrates that the carrier trapping is the
Fig. 3, that the EL quantum efficiency also decreases W'“ﬂnain luminescence process. In this case, the injected elec-
trons and holes through CBP are first trapped by

200 Eu(Tmphen)(TTA}, and then form excitons on
f 18% Eu(Tmphen)(TTA}. However, the Frster energy transfer
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