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Using rare earth complexes with electron-transporting properties as host materials, and
4-(dicyanomethylene2-t-butyl-6(1,1,7,7-tetramethyljulolidyl-9-enydH-pyran (DCJTB) as a
dopant, bilayer doped electroluminescdfil) devices with efficient red light emission were
fabricated. When a europium complex was adopted, the EL spectrum consisted of emissions from
DCJTB and E&" ions. At optimal dopant concentration, an EL efficiency of 5.7 cd/A at 0.04
mA/cn? was observed. Although the EL efficiency decreased with an increase in current density, it
remained higher than 2.0 cd/A with brightness of 347.0 éditr6.7 V bias. DCJTB and E ions
collected the energy of singlet and triplet excitons, respectively, and then gave rise to pure red color
emission, suggesting a promising way by which to utilize both singlet and triplet excited states in
EL devices. ©2003 American Institute of Physic§DOI: 10.1063/1.1564631

For organic electroluminescen¢®L) devices, the devel- efficient internal energy transfer and luminescehtélow-
opment of high-performance red emission is still much inever, only those complexes of suitable chemical structures
demand. This is because both blue and green emitting matgield strong light emission from RE ions under a certain
rials and devices that meet the requirements for commerciaxcitation condition, since in most cases, the composition of
application are already available. For practical use, high Elthe complexes is fixed. For a common complex, the atomic
efficiency as well as good purity of color are required. Sopercentage of RE ions is abottl% or less. For example,
fluorescentand phosphorescéntlyes of red emission have the ratio of EG* to other atoms in a trigheotyltrifluoroac-
begn used as dopants to improve the EL efficiency and CO'%tonatephenanthroIine EU [Eu(TTA)spheri complex, a
purity. . widely used material, is 1:76, and this ratio could be even

It is well known that in rare eartiRE) complexes en-  gmgler in other cases. The low concentration of RE ions in
ergy is transferred from the triplet state of ligands t0 the.qmplexes together with their relatively long luminescent de-

cen_terdRE |on,|wh||ch raljes_thef Iéélectrgn of the |onz tok cay time(typically several hundreds of microsecondsake
excited energy levels. Radiative electronic transitions back t¢ omijexes generally not suitable for application as dop-

the ground S“'?“e or to other lower state.s give off IOhOtonSants in organic EL devices, although suitable hosts capable
Due to the shielding effect of electrons in the outer shells

inner 4f electronic transitions of the RE ions give rise to abf efficient energy transfer to RE complex dopants are

narrow emission band which is insensitive to the chemicafwml""ble{3 One solgtion to this problem Is t'o.utilize RE com-
environment. The advantages of REcomplexes for or- plexes as the carrier transporting and emitting layer. Another

ganic EL, such as good color and potential high EL offi.Solution is to increase the atomic ratio of RE ions in the
ciency V\;ere first proposed by Kidetal® and proven complexes, but this often results in concentration quenching

+ H ,10
recently’ Europium complexes which exhibit strong photo- ©f Ew’" luminescencé:

luminescencéPL) corresponding to theD,—'F, transition Using RE complexes as a host requires that the com-
devices device, the center ion acts as a dopant and accepts energy

RE Comp|exes, in some sense, are intrinsic dopanff.rom the triplet state of the Iigands generated by Charge re-
matrix systems because the ligands and the center ion can 5embination. Compared to using RE complexes as dopants,
regarded as the matrix and dopant, respectively. The atomitis method may increase the concentration of energy accep-
ratio of ligands to ions is a constant that is determined by théors (the center ionsand avoid the possibility of saturation
nature of the coordination chemistry. This is beneficial forof energy transfer. Efficient energy transfer should therefore

decrease the chance of other emission processes from the

dAuthor to whom correspondence should be addressed; electronic maihos'[ or excited compleéexciple-& that degrade color purity.
apannale@cityu.edu.hk Unfortunately, even though films of RE complexes have
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been used as emitting layers, other emission components 8 : : ;
could not be reduced completéf. (a)
According to previous studies on the PL properties of

RE complex8 RE ions primarily accept the excitation energy %

of the triplet but not that of the singlet state of the ligands. As 8

a result, 100% efficiency of energy transfer from the ligands 24 i

to the center ion is only possible when the efficiency of the &

ligand’s internal conversion from singlet to triplet is unify. £ 2 1.2 Wi% ]
w oo,

Recently, we showed that the exciplex formed in the system
of N,N’-diphenyIN,N’-bis(3-methylphenyt1,1 -diphenyl-
4,4’ -diamine (TPD) and a RE complex originated from the 0.01
interaction between the singlet excited state of ligands and

the ground state of the TPD molecule. The exciplex so

0.1 A _21 0 100
Current density /mAcm

formed was naturally also in the singlet state. Therefore, one 2000 ‘ v : - '
approach by which to gain additional efficiency would be to /(Db)
convert the singlet state of ligands into light emission in EL o_ 18007
devices based on the RE complex. % o
~1 B

In  this letter, we report the use of Eu-
tris(dibenzoylmethanajo bathophenanthroling Eu(DBM)4
bath]'* as a host to enhance the EL efficiency of red devices
by utilizing energy from both the triplet and singlet excited
states. To collect energy from the singlet state and to quench
the exciplex emission in the EL device, a well-known red 0 ot \ . . . .
fluorescent dye, d4dicyanomethylene2-t-butyl-6(1,1,7,7- 0 12 14 18
tetramethyljulolidyl-9-enyk4H-pyran (DCJTB),*'® was
used as a dopant in the host of the RE complex. It was foundic. 1. (a) EL efficiency vs current density curves of DCJTB-doped
that the RE™ ion and DCJTB acted as an energy acceptolEu(DBM)sbath devices with different doping concentrations: 0 wesilid
for the triplet and singlet excited states of the ligands of thd"®)» 0-6 Wt % (iine with circles, 1.2 wt % (line with squarel 3.5 wi %

; . Lo (line with triangles. (b) Brightness—voltage curve of
RE complex, respectively. As a result, exciplex emission waspp/ey(pBM),bath: DCITB(0.6 wt %.
suppressed and EL efficiency was substantially improved.

TPD was used as a hole transporting materialet a1,'> was observed. At the same time, exciplex emission
RE(DBM)sbath (RE=Gd or EY was synthesized according was quenched completely. The PL spectrinot shown
to the traditional metho Organic layers and a Mg:Ag herg of the Gd(DBM)bath film under 360 nm excitation
(atomic ratio 10:1 alloy cathode were successively depos-consists of two peaks. The lowest energy band at 480 nm
ited on a glass substrate coated with transparent indium—tigyerlapped the absorption spectrum of DCJfBuggesting
oxide (ITO) by vacuum (2< 10" ° Torr) thermal evaporation that efficient energy transfer may occur from the singlet of
in one pump down. ITO glass substrates with a sheet resighe RE complex to DCJTB molecules. This was confirmed
tance of 10Q)/J were precleaned and treated in UV ozone.py PL measurement of the DCJTB-doped Gd(DBMth
Bilayer devices with a configuration of ITO/TRBD nm/  film, which exhibited only emission from DCJTB. With
RE-complex:DCJTES0 nm/Mg:Ag (200 nm) were fabri-  1.0% DCJTB dopant, the bilayer TPD/Gd(DBAbath
cated. The deposition rates for the organic and metal layershowed a maximum EL efficiency of 2.9 cd/A. These results
were monitored by quartz oscillators and kept at 0.1 and 0.8uggest that using a fluorescent dopant in a RE complex
nm/s, respectively. The active area of each emitting pixematrix can be an effective means by which to utilize the
was 0.1 crf. Current density and brightness versus drivesinglet energy.
voltage as well as EL spectra were measured with a Spec- When the Eu(DBM)bath was used, the EL efficiency
traScan PR650 spectrophotometer connected to a comput&fas improved further. As expected, the dopant concentration
controlled voltage—current sour¢keithley 236. affected the EL efficiency. Similar to the DCJTB-doped

In the present work, two different RE complexes weretris(8-hydroxyquinoling aluminum (AlIQ) devices:® a me-
used. First, we used Gd(DBNbhath as a host and found that dium concentration favored EL efficiency. Figure 1 shows
it was suitable as a DCJTB dopant. Due to the large energthe dependence of the EL efficiency on the dopant concen-
gap of the Gd" ion, the organic ligand cannot excite the tration at different current densities. The EL spectra con-
center Gd" ion. Thus the Gd complex is ideal for investi- sisted of emission from both Bti and DCJTB. For a dopant
gating the excited states of coordinating ligands. Previousoncentration of 0.6 wt %, a maximum current efficiency of
investigation of the spectral properties of the bilayer5.7 cd/A was obtained. The EL efficiency was sensitive to
ITO/TPD/Gd(DBM)bath/Mg:Ag device showed its EL was the injection density and dopant concentration. From Figs. 1
dominated by exciplex emissidAFor this device, the maxi- and 2, it is clear that, compared to the undoped
mum EL efficiency was only 0.5 cd/A and it decreased rap-TPD/Eu(DBM)bath device, the 0.6% DCJTB-doped device
idly with an increase in current density. By doping DCJTB exhibited considerably improved EL efficiency even at high
into the Gd(DBM)bath layer, a strong red emitting peak current density and showed no exciplex emission. The maxi-
near 620 nm from DCJTB, identical to that reported by Chermum EL efficiency of the 0.6% DCJTB-doped
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FIG. 2. Evolution of EL spectra of TPD/Eu(DBMbhath:DCITB(0.6 wt %
with an increase in injected current; the line with circles line is an EL
spectrum of the undoped TPD/Eu(DBMbath device at 20 mA/cfn This
comparison shows that dopant can quench exciplex emission.

FIG. 3. Brightness decay curves of the TPD/Eu(DBbHth:DCJITB(0.6
wt %) (line with squares and TPD/Eu(DBM}bath (line with circles at
current density of 5.0 mA/cfin air at room temperature.

Eu(DBM);bath device is almost equal to the total efficiency undoped one. While RE complex based devices often show
of the undoped TPD/Eu(DBMpath and sharp pure color emission, they are notorious for their short
TPD/Gd(DBM);bath:DCJTB (1.0% devices, suggesting lifetime.* The present doping method appears to be a viable
that the excitation energy of the Euion and DCJTB comes approach with which to substantially improve the lifetime
from two different sources. Otherwise, if the excitation pro-and efficiency of RE complex-based EL devices while pre-
cesses of Bl ion and DCJTB competed with each other, Serving the sharp emission peak.

one would not expect the EL efficiency of the In conclusion, bilayer red EL devices based on RE com-
TPD/Eu(DBM)zbath:DCJITB to exceed 3.0 cdfm plexes of high efficiency were demonstrated. A promising

These results show that RE(DBMbath complexes are Way for achieving high EL efficiency was proposed, that is,
potentially good hosts for fluorescent dyes, and suggest thasing RE complexes as the host and fluorescent dyes as the
using a RE complex as a host may be an attractive approaé¢iPpant, both triplet and singlet energy could be converted
by which to harvesting both singlet and triplet energy in oneinto light emission.

EL device.

Increasing the DCJTB concentration in the
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