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A triple-layer light-emitting diode based on an organic salt ASPT

(trans-4-[p-[N-methyl-N-

(hydroxyethyl)amino]styryl]-N-methylpyridinium tetraphenylborate), in which TPD and Algs were em-
ployed as hole and electron transporting materials respectively, exhibits variable electroluminescence (EL)
spectra under different applied voltage. At lower voltage, the EL spectrum peaks at 560 nm, which em-
anates from the TPD/ASPT interface; when the voltage is further increased, the peak at 610 nm, which
is originated from ASPT, increases; at higher applied voltage, the device yields green light with a peak
at 530 nm and a shoulder at 610 nm. The stronger emission peaking at 530 nm stems from the Algs. It
reveals the hole-electron recombination zone depends on the applied voltage, so the color-variable EL can

be observed by adjusting the applied voltage.
OCIS codes: 250.0250, 310.3840, 310.6870.

Organic electroluminescence (EL) has been paid consid-
erable attention due to its many advantages such as high
luminescence, wide ranging angle, high contrast, quick
response, and low drive voltage, and the attractive appli-
cation in flat-panel displays. For most organic devices,
the color of the emitted light is fixed once the device is
fabricated. In recent years, devices that can control their
emission color by applied voltage have been studied!" —'3].
The voltage controlled monolayer structure is the most
common approach to color-variable devices. A blend of
organic materials, either polymers or small molecules or
both, is often employed as the emitting layer! >, Due
to the phase separation or energy transfer phenomena
in the devices, different components in the blend exhibit
different colors of light simultaneously with the inten-
sity of each component varying with the applied voltage.
Similar voltage-dependent EL has been observed in the
devices using conducting polymer-doping fluorescent dye
as the emitting layer. On the other hand, the change of
the EL spectra with applied voltage has also been ob-
served in multi-layer structures devices in separate layer
configurations(®='3.  The phenomena were due to the
change of hole-electron recombination zone when the ap-
plied voltage. Here we report the fabrication and study
of triple-layer organic light-emitting device (LED), com-
posed of small-molecule materials. Voltage-dependent
multicolor emission was observed.

In this study, TPD, Algs, and an organic dye salt
ASPT, whose molecular structures are presented in Fig.
1, are used as hole transport, electron transport, and
emitting material, respectively, to form a stable or-
ganic EL device with the structure: indium-tin-oxide
(ITO)/TPD(40 nm)/ASPT(50 nm)/Algs(30 nm)/Al
The organic layers were sequentially deposited by the
conventional vacuum evaporation method onto an ITO-
coated glass substrate at room temperature. Finally,
aluminum (Al) as cathode was evaporated on the top of
the organic materials and the active area of the device
was about 5 mm?. The EL spectra were taken using
an ARC SpectraPro 300i monochromator/spectrograph.
Meanwhile, the current density was recorded with a dig-
ital multimeter. All the device-testing procedures were
performed at room temperature.
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The EL peak of the single-layer device
(ITO/ASPT/Al) was centered at A = 610 nm, whose
color of the emitting-light is orange-red with the full-
width at half-maximum (FWHM) of about 160 nm, as
shown in the inset of Fig. 2. Threshold voltage for the
detection of light emission was 5 V. The device showed
high thermal stability because of the ionic interaction
within the organic salt molecules and high quantum effi-
ciency owing to the formation of dipole moments in the
ASPT layer. We have assumed a physical model to in-
terpret the results previously!*15], The ions re-arranged
under the electric field and caused the dipoles whose
moments aligned along the electric field and were reverse
to the external electric field. Therefore, space charges
appear near the interfaces between the organic salt layer
and the electrodes and thus cause the bend of the energy
band. It is assumed that the injection barriers of hole
from anode and electron from cathode were reduced be-
cause of existence of space charge.
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Fig. 1. The molecular structures of ASPT, TPD, and Alqs.
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Figure 2 shows the EL spectra of the three-layer device
with different applied voltage. It should be noted that
yellow emission centered at 560 nm instead of organic-
red light is observed only when the applied voltage is
relatively low. The new component (560 nm) does not
belong to any of the individual material, and this suggests
that the emission comes from the interface between TPD
and ASPT. The shape of the EL spectrum of three-layer
device is significantly different from that of monolayer
device, indicating the difference between emission from
TPD/ASPT interface and that from bulk ASPT. With
increasing the applied voltage, the emission color tends
to become orange-red to the eye, and the EL peak at
610 nm, which originated from ASPT layer, becomes
dominant over that at 560 nm. When the voltage is high
enough, the EL peak at 530 nm, which stems from Alqs,
becomes dominant over those at 560 and 610 nm, and
then the light is of green color. As shown in Fig. 2, the
three-layer EL device does not show any emission in the
blue characteristic of TPD.

These results of the EL spectra change from the multi-
player structure can be explained using the energy-band
diagram of the layered materials as shown in Fig. 3.
It is well known that the generation of light is a con-
sequence of the recombination of holes and electrons
injected from the electrodes, respectively. The depen-
dence of display color on the applied voltage as shown
in Fig. 2 results from the variation of the location and
width of the recombination zone. For the lower applied
voltage, the recombination zone mainly takes place in
the TPD/ASPT interface. With the increase of applied
voltage, it can be seen that emission from the ASPT
layer is gradually enhanced, and thus it is proposed that
the recombination zone in the triple-layer device is ex-
tended towards the emitting layer and the amount of
hole-electron pairs recombined inside the ASPT layer is
increased, The extension of the recombination zone re-
sults in the red-shift in the right half (longer wavelength)
of the EL spectrum. At a bias of 8 V, as shown in Fig.
2, the EL spectrum is dominated by ASPT layer. The
main EL peak shifts to 610 nm, though the intensity
at 560 nm is still strong. At higher applied bias, the
recombination region extends further and moves into
Alqs layer. So there is a clear blue-shift in the left half
(shorter wavelength) of the spectrum. At a bias of 10 V,
the EL spectrum is dominated by Alqs layer. The detail
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Fig. 2. Applied voltage-dependent EL spectra of the triple-
layer EL device. The inset shows the EL spectra of the
single-layer device (ITO/ASPT( 50 nm)/Al) at 6 and 8 V.
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Fig. 3. Schematic energy-band diagram of the triple-layer EL
device.

mechanism is under further study. We believe that the
different field-dependent mobility of the materials makes
the emission zone be voltage-dependent!6].

To summarize, a triple-layer EL device of ITO/TPD(40
nm)/ASPT (50 nm)/Alqs(30 nm)/Al has been fabricated
by the conventional vacuum evaporation method, and its
display color varies with the applied voltage. The EL
spectra were measured to investigate the emission char-
acteristics of the device. The phenomena are attributed
to the variation of the location and width of the recom-
bination zone. This technique provides a simple way to
fabricate color-tunable EL displays.
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