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Electroluminescent (EL) devices using an europium complex (BBM); bath as the
electron-transport emitting layer were fabricated. The quenching effect of the metal cathode and the
unstable nature of the Eu complex under EL operation markedly influence the EL efficiency. By
keeping the emitting area far from the metal cathode and partly doping ttizBEA); bath layer

with a hole-transport material, the EL performance was significantly improved. Sharp-band red
emissions with turn-on voltage of 3 V, brightness of 820 ¢d/emd external quantum efficiency of

1% were achieved. €000 American Institute of Physid$S0003-695(00)04101-2

There are advantages in fabricating electroluminescergarlier study* The PL spectrum of HDBM),; bath shows
(EL) devices using rare earth complexes. Theoretically, theharacteristic emission of Bl ions (see Fig. 1 The widely
upper limit of inner quantum efficiency can reach 100%,used material TPD is the hole-transport layer. Also a non-
which is four times higher than that of the devices usingfluorescent gadolinium complex Gatetylacetonadg
other fluorescent materials. The sharp emission bands of rafonophenanthroline[ Gd(AcA)spher] is used to act as
earth ions are very suitable for full-color display. Therefore,spacer layer in this letter. All of the organic layers and cath-
to fabricate EL devices using rare earth complex is a subjedde layer (Mg ¢Ado.) are deposited by conventional vapor
of interest. Achievements on this subject have been made Bacuum deposition at a pressure of 10Torr. The layer
several groups-3 The brightness of 460 cdfrior red emis-  thickness is controlleih vacuowith a quartz crystal moni-
sion and 920 cd/ffor green emission had been obtained.tor- The emission area is 10 MmPL and EL are measured
However, comparing with their excellent photoluminescenceVith @ Hitachi 4000 fluorescence spectrophotometer, and the
(PL) properties and the potential advantages mentione§rightness is measured by a 1980A spot photometer. EL ef-
above, the performance of rare earth complexes in organi@c'ency is estimated from.measu.rgment of the brightness and
EL devices is not satisfying. The efficiency and the bright-2Ssumption of a Lambertian emitting surface. _
ness are not as high as expected, and no information con- At first, we fabricated the double-layer device with
cerning the aging process of these devices is found in litera-
tures so far. There is a need to understand in detail the Me:Ag

I

reasons that prevent the devices with rare earth complexes @ @
from better performance and to think out ways to overcome u(DBM).beth S0 @ —
OL >mde™
In this letter, an Eu complex EDBM); bath is used to TPD 30um O @
E ] © :

fabricate red emissive devices. Two aspects are found to evi-

dently influence the device efficiency and eventually effect Clox Sobeme Eu(DBM),bath

the brightness, the degradation property and even emitting Device A

color of the device. One is the quenching effect of the metal MeAe 10 T T

cathode on the emission of Euions. The other is the un- I = 0'8_ ]

stable nature of the Eu complex under EL operation. Partly Eu(DBM)sbath Soum| & [ A

doping of the E(DBM); bath layer with the hole-transport FUDBMbTID] & 08) ]

material results in the increase of EL efficiency and improve- TPD 30nm :L:: 04 1 . 1

ment of overall properties of the device. ITO = 02 o ]
The molecular structures of the materials and the device Glass Substrate 4;;"2_;" 5;0' 5'50 —

configurations are shown in Fig. 1. EBM); bath was Device B Wavelength (nm)

shown to have excellent electron-transport property in an

FIG. 1. The molecular structure and device configurations; the PL spectrum

of Eu(DBM); bath film (solid line); the EL spectrum of the double-layer

dAuthor to whom correspondence should be addressed; electronic maitlevice(dotted ling; the EL spectrum of the device B is the same as the PL
pjblwl@public.cc.jl.cn spectrum of the Eu complex.
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FIG. 2. EL efficiency as a function of the thickness of BBM); bath layer 5 3 Efficiency-current characteristics of device A; the inset shows PL

in double-layer devicgsolid squarg PL intensity as a function of the total and EL intensity quickly decrease under constant current density of 100 mA/
thickness of E(DBM); bath and G@AcA);phen layergopen circle. e yd y y

structure of ITO/TPD/E(DBM); bath/Mg:Ag. EL spectrum ) _— .
of the device is also shown in Fig. 1. Apart from the strongpose the quenching effect of th? metal f|!m IS more Severe in
sharp emission bands of Euions, a broad band with a peak € EU complex based EL device than in the one based on
at 530 nm appears at the left side of the spectrum. It makeQther materials, such as Alg

the emitting color become orange-red, not pure red. This S° keeping the emitting area far away from the metal

broad band is thought to be the result of exciplex formatiorFathode is especially important for Eu complex based EL
at the interface of E@DBM), bath and TPD layer. devices. However, excessive increase of théDBM); bath

The EL efficiency of the device is sensitive to the thick- [2yer would result in higher drive voltage. A thickness of 80
ness of the E(DBM); bath layer as shown in Fig. 2. At a "M Will be proper for E(DBM); bath in the double-layer
constant current density of 1.0 mA/&mby thickening the d_ewce when both EL efficiency and drive voltage are con-
EWDBM); bath layer from 30 to 90 nm the EL efficiency Sidered. _ o .
enhanced from 0.3 to 3.2 Im/A, about 10 times higher. It s Therefore, device A'shown in Fig. 1 was fabricated
believed that the emissions occur in a narrow area at th@nd the degradation property of this double-layer device
interface of EGDBM); bath and TPD layer. So thickening ha\{e beeni tested. It is founq that,_under certaiq current for a
the EUDBM); bath layer actually changes the distance be€riod of time, not only EL intensity of the device but also
tween the emitting area and the Mg:Ag cathode. Thus, th&L intensity of the emitting layer decrease, and in a similar
EL efficiency degradation could be interpreted by quenchingn@nner(see the inset of Fig.)3The higher the drive current
effect of the metal cathode on the emission of Eions. IS the more quickly the PL and EL efficiency decrease. This
This is further confirmed in PL study. A series of samplesShows the Eu complex is very unstable and may easily lose
with structure of glass/Mg:Ag50 nm)/Gd(AcA)sphen(dif- its luminescent ability in this double-layer device. Therefore,
ferent thicknesgEW(DBM )3 bath (30 nm) are prepared. The the aging process develops quickly, the EL efficiency
thickness of E(DBM); bath and Mg:Ag layers are same for quickly drops when the current density is increageid. 3),
all of the samples. The spacer layer(@dA)sphen controls and it is impossible to drive the EL device to high brightness.
the distance between HDBM); bath and the metal film. If the deterioration of the Eu complex mainly occurs in
Under excitation of 350 nm-wavelength ultraviolétV) the emitting area, the efficiency decrease could be very se-
light, the PL intensity(in this case, it also represent the rela- vere in this double-layer structure, because it is usually be-
tive PL efficiency of the EUDBM); bath layer in these lieved the emitting area is in a narrow region at the interface
samples shows sensitive dependency to the spacer layegtween the organic layers and thus it contains only a small
thickness and this is also shown in Fig. 2. The EL efficiencyamount of EGDBM); bath molecules. We suppose the situ-
and the PL intensity show similar tendency when the disation will be better if the emitting area is enlarged and con-
tance between the metal film and the excited Eions is  tains more E(DBM); bath molecules. So we explored a de-
changed. This indicates that the proximity of the metal filmvice structure which contains a TPD codepositedIBM);
is correlated with the efficiency decrease in both EL and PLbath layer with a thickness of about 30 nm as shown in
cases. device B in Fig. 1. The weight ratio of TPD to HDBM);

The presence of a metal film alters the radiative decayath is 1:3. TPD is used to introduce holes to deeper places
rate of an emitter via interference effects, and opens up aim Eu(DBM); bath layer and thus to broaden the emitting
efficient nonradiative decay channel via energy transfer tgegion.
the metal film>~’ The quantum efficiency for luminescenge The quantum efficiency is further increased about four
is given byq=k, /(k,+k,+k;), wherek, is the radiative times in device B compared with device A. As a result, the
decay ratek,, is the nonradiative decay rate of the material,general performance of device B is significantly improved.
andk, is the rate constant for energy transfer to the metalThis is shown in Table |I. We note the lifetime is obtained
film. k, of EW** ions is much smaller than that of most other when the brightness drops to half the initial value by driving
emitting dipole such as Algbecause of its longer lifetime the device in argon atmosphere under constant current den-
(about several hundregds, but the lifetime of exciton for sity.

Alg; is only about 20 8. So quantum efficiency can be Due to the excellent electron-transport property of
more easily reduced when even a snhgllappears. We sup- Eu(DBM); bath, the turn-on voltage of the device is about 3
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TABLE |. Data comparison between devices A and B.

Device A Device B
Turn on voltage 3V 3V
Maximum brightness 150 cdAvat 18 V 820 cd/rh at 18 V
Luminescence efficiency at brightness of 100 ¢d/m 0.02 Im/w 0.40 Im/w
Lifetime at the initial brightness of 40 cdfm 18 h 200 h
Emitting color orange-red pure red

V, which is lower than that reported in earlier studi#d®  improved, it is possible to fully realize the potential advan-

even though they applied additional electron-transport matetages of the material.

rials. From Table | we notice 20 times higher luminescent ) ) ] )

efficiency, about 10 times longer lifetime, and much higher T NiS researchis supported by the National Science Foun-
brightness is obtained in device B. Moreover, no exciplexdation of China and Laboratory of the Excited State Pro-

emission band appears in the EL spectrum and the emitting€SSes, Academia Sinica, China.

color is pure red. When the current density decreases to 0.6

mA/cn? the EL efficiency reaches 1.0 Im/w. The corre- 13, Kido, H. Hayase, K. Hongawa, K. Nagai, and K. Okuyama, Appl. Phys.

sponding quantum efficiency is about 1.0%. This is compa-_Lett. 65, 2124(1994.

rable with the Alq based device reported by Tang and 2X. C. Gao, Hong Cao, Chunhui Huang, and Biaoguo Li, Appl. Phys. Lett.
10 72, 2217(1998.
Vanslyke: ) . 3T. sano, M. Fuijita, T. Fujii, Y. Hamada, K. Shibata, and K. Kuroki, Jpn.
In conclusion, the quenching effect of the MgAg cathode J. Appl. Phys., Part B4, 1883(1995.
on the emission of Eli ions evidently influences the emit- “C. L. Liang, Z. R. Hong, X. Y. Liu, D. X. Zhao, D. Zhao, W. L. Li, J. B.
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