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We have succeeded in fabricating a novel thin-film electroluminescent device with a 
luminescent hole transport layer as an emitter. The cell structure is composed of an indium­
tin-oxide substrate, a luminescent hole transport layer (emitter), an electron transport layer, 
and a MgAg electrode. The most essential feature of our device owes for adoption of an 
oxadiazole derivative as an electron transport layer. The emission intensity of 1000 cd/m2 was 
achieved at a current of 100 mA/cm2

• 

Recently it has been reported that organic electrolu­
minescent (EL) devices composed of multilayer structures 
of organic thin films have high brightness and operate at low 
drive voltages. 1-3 Excellent performance ofthe EL celis orig­
inates from the insertion of a hole transport layer and/or an 
electron transport layer between the electrode and the emit­
ting layer. Particularly the insertion of a hole transport layer 
of aromatic diamine which possessed high hole mobility be­
tween an electrode and an organic emitting layer was crucial 
for improving the emission efficiency, as shown by Tang and 
VanSlyke. 1 In previous reports, we proposed a novel thin­
film EL cell with a three-layer structure [indium-tin-oxide 
(ITO) substrate/hole transport layer/emitting layer/elec­
tron transport layer/MgAg electrode 1 based on the idea that 
the insertion of an electron transport layer is also important 
for achieving high brightness if one tries to use a variety of 
emitter materials. 2

•
3 Thus, we showed that the introduction 

of the hole and electron transport layers made possible an 
enhancement in efficiency of hole and electron injections .. ' 

From our studies on two- and three-layer EL cells, we 
have concluded that the carrier transport layer has three 
major functions. First, the transport layer assists effective 
carrier injection from the electrode into the emitting layer 
accompanied by a lowering of drive voltage. Second, it 
blocks the carriers which pass through the emitter layer and 
thus controls the recombination process.] Finally, it helps 
prevent the quenching of molecular excitons created by the 
recombination of holes and electrons at the boundary 
between an emitter and an electrode. 5 All of these effects are 
expected to resu.lt in high emission efficiency, although we 
cannot specify which is the most dominant at this stage. 

From the view point of material selection, an appropri­
ate combination of carrier transport materials and emitter 
materials is necessary. As all the emitter materials in pre­
vious studies possessed an electron transporting tendency, 
the insertion of a hole transport layer was effective for 
achieving high brightness, as shown in the diaminel emitter 
system. 1 011 the other hand, if appropriate electron transport 
materials are available, hole transport materials with intense 
luminescence, in principle, can play the role of an emitter. 
This type ofEL cell, however, has been impracticable owing 
to a lack of outstanding electron transport materials. 

In this letter we report a novel thin-film EL device with 
a luminescent hole transport layer as an emitter. The cell is 

composed of ITO/luminescent hole transport layer (emit­
ter)/electron transport layer/MgAg. In other words, a hole 
transport layer and an emitter layer in the three-layer struc­
ture was combined into a single layer. The most essential 
feature of this device is the adoption of the oxadiazole deriva­
tive as an electron transport layer. The recombination of 
electron-hole pairs occurs primarily inside the hole trans­
port emitting layer, resulting in emission which is character­
istic of the luminescent hole transport layer. The success of 
this type of EL cell spreads the choice of emitter materials 
over a variety of organic hole conductors. 

Figure 1 shows the structure of the EL device and the 
molecular structure of the materials used in this study. The 
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FI G. 1. Structure of the EL device and the molecular structures of materials 
used in this study. 
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FIG. 2. Luminance-current characteristics in three EL cells. (Al 
ITO/NSD/l'BD/MgAg, (E) ITO/TAD/NSD/MgAg. and (el 
ITO/NSD/MgAg. 

EL cells were fabricated by vacuum deposition at a pressure 
of6.0X 10 -7 Torr at room temperature. First, a luminescent 
hole transport material, a triphenylamine derivative 
(NSD)6 which possesses intense green fluorescence in. its 
solid state, was deposited onto a precleaned ITO-coated 
glass substrate.7 Second, an electron transport material, a 
oxadiazole derivative (PBD),8 was deposited. Lastly, a 
MgAg alloy was deposited by codeposition from two sepa­
rate sources on the PRD layer. The deposition rate for the 
organic layers was about 2--4 A./s. The emitting area in the 
cells was O.2XO.2 cm2

• Both of the deposited films were 
semitransparent and showed no birefringence when viewed 
under a cross-polarized microscope. In addition, they ap­
peared to be almost pinhole-free dense films. All measure­
ments ofEL characteristics were carried out in a vacuum of 
10 - :\ Torr or in a nitrogen ambient. Luminance in units of 
cd/m2 was measured by a luminance meter (TOPCON EM­
g, measuring field 2°). 

The EL cell (ITO/NSD/PBD/MgAg) behaved like a 
diode at z, high bias field (~106 V /crn). A so-called rectifi­
cation efTect was observed in the device where the forward 
bias voltage corresponded to positive an the ITO electrode. 
The observed large current is attributable to carri.er injection 
from the electrodes into the organic layers at the high bias 
field. 9 In other words, both the NSD and the PHD layers 
become sufficiently conductive at the injection mode. A 
steady current of IT~orc than 100 mAl em 2 was observed at a 
dc voltage of 16 Vo The EL emission could be detected only 
for a forward bias and the threshold voltage for emission was 
as low as 4.0 V. 

To understand the role of the PED layer, three types of 
EL ClODs were tested: (A) ITO/NSD(500 .A.)/PHD(500 
A.)/:h1:gAg, (B) lTO/TAD(500 A.)/NSD(500 A.) 1M gAg, 
and (C) ITO/NSD (500 A.) /MgAg. Here, TAD means the 
hole transporting diamil,e derivative shown in Fig. 1.10 Fig-
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FIG. 3. Photoluminescence and EL spectra. Solid line: EL spectrum in 
(ITO/NSD/PBD/MgAg) cell. Broken linc: PI., spectrum in vacuum-de­
posited PBD film. 

me 2 shows the luminance-current characteristics of three 
cells. Evidently, the emission efficiency of the EL cell with 
inserted PBD layer (A) was 104 times larger than the EL cell 
composed of a NSD single layer (C). On the other hand, the 
emission efficiency in the TAD-inserted EL cell (B) was 
only about 102 times larger than that of the EL cell without 
the TAD layer (C). This result verifies that the insertion of 
the PBD layer is responsible for a tremendous increase in 
emission efficiency of this emitter. In the case of the NSD 
single layer (C), the recombination and the emission sites 
must be located near the cathode sinee NSD, which contains 
a triphenylamine unit possesses a hole transporting ability. 10 

Thus, the insertion of the appropriate electron transport lay­
er PBD resulted in a high emission efficiency because of the 
three reasons mentioned before. It should be emphasized 
again that the EL emission from luminescent hole conduc­
tors became really feasible by selection of the appropriate 
electron transport materials. 

In the two-layer cell (A), the luminance was linearly 
proportional to the injection current in the current range 
from 10 - 3 to 100 rnA/em2

, Evidently, a current-dependent 
mechanism is operative in this EL cell. In addition, this de­
pendence suggested that the prompt EL process was domi­
nant rather than a delayed EL process. 1; An emission inten­
sity of ~ 1000 cd/m2 was achieved at a current of 100 
mA/cm2 and a voltage of 16 V. In this case, the luminous 
efficiency is 0.2 1m/Wand this value corresponds to one of 
the highest emission efficiencies ofthe EL devices yet report­
ed. 

The emission spectrum also demonstrated the role ofthe 
PBD layer. The emission spectrum of the EL device is shown 
in Fig. 3. The peak of EL emission was at 520 run and the 
color was green. This emission spectrum corresponds exact­
ly to the photoluminescence (PL) spectrum ofthe NSD thin 
film. Moreover, no emissioIl from PED whose evaporated 
mm shows a PL peak at 390 nm was observed. Therefore, EL 
emission in this cell is ascribed to luminescence from the 
singlet excited state Wl1ich is produced by the recombination 
of holes and electrons in the emitter layer. This result indi­
cates that the injection of holes from the NSD bye!· into the 
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PBD layer is forbidden, although the injection of electrons 
from the PBD layer into the NSD layer is possible. Conse­
quently, the PHD layer has been proven to fulfill the function 
of a so-called electron transporting layer in this EL cell. It is 
noteworthy that the PBD layer has a large exciton energy in 
comparison with that of the NSD layer, as is assumed from 
their PL spectra. The excitons created in the NSD layer are 
expected to be blocked by the PBD layer; if the exciton ener­
gy of the electron transport layer is smaller than that ofNSD 
layer, the transfer of excitons into the electron transporting 
layer easily occurs and a number of cxcitons which contrib­
ute to the radiative decay are decreased. 

In conclusion, we have succeeded in obtaining a bright 
organic electroluminescent device having a luminescent hole 
transporting layer as an emitter. Excellent performance of 
the EL cells was attributed to the PBD layer which operated 
as an excellent electron conductor in our system. OUf result 
demonstrates that one now apply a large variety oflumines­
cent materials for an emi.tter regardless of their carrier trans-
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porting tendencies, if one takes account of inserting properly 
selected hole and/or electron transporting layers. 
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