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We have investigated current-voltage-luminance characteristics of organic light-emitting
diodes based on TPD/Algs organics depending on the application of forward-backward bias
voltage. Luminance-voltage characteristics and luminous efficiency were measured at the
same time when the current-voltage characteristics were measured. We have observed that the
current-voltage characteristics shows a reversible current maxima at low voltage, which is
possibly not related to the emission from Alqs. Current-voltage-luminance characteristics
imply that the conduction luminance mechanism at low voltage is different from that of high

voltage one.
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1. INTRODUCTION

In 1987, Tang and VanSlyke reported a bilayer organic
electroluminescent (EL) cell structure, which has a
quantum efficiency of about 1% and a luminance of
1,000 cd/m® for green light under the low-operating
voltage below 10V[1]. Organic light-emitting diodes
(OLEDs) have been received attention due to their
potential applications for full color flat-panel displays,
low-driving voltage and capability of multicolor
emission of many synthesized organics[2-6]. The
obtained power and quantum efficiency as well as

lifetime are already sufficient for commercial application.

Electroluminescence in OLEDs occurs when the diode is
biased for holes and elelctrons to be injected from anode
and cathode. The injected carriers are transported
through the organics and some of them are recombined.

When the recombination occurs, there is a light emission.

This is called electroluminescence.

Several models have been proposed to explain the
electrical properties of OLEDs in terms of current-
voltage (I-V) characteristics. According to Parker[7], the
conduction mechanism could be explained by Fowler-
Nordheim tunneling of both electrons and holes through
the contact barriers arising from the band offset between
the organics and the electrodes. However, Blom et al.[8]

described the I-V characteristics in terms of bulk
properties of the organics rather than the charge injection
mechanism. Thus, the understanding of mechanisms on
charge carrier injection, transport and recombination is
not yet fully understood. In addition, the [-V
characteristics show an anomalous bump at low voltage,
which gives a negative differential resistance (NDR).
There are some reports on this NDR behavior in
OLEDs[9-10]. Manca et al., observed anomalous I-V
characteristics depending on the presence of oxygen in
the surrounding atmosphere[9]. It shows that the
anomaly strongly depends on the oxygen. When there is
enough oxygen in the surrounding, the anomaly
disappears. However, the implication of this behavior is
not clearly understood yet.

In this paper, we present new observation of
anomalous behavior at low voltage in the -V
characteristics of ITO/TPD/Algs/Al device with a
direction of applied voltage.

2. EXPERIMENTALS
We have fabricated the OLEDs with a use of N,N’-

diphenyl-N,N’-bis(3-methylphenyl)-1,1’-biphenyl-4,4"-di
amine(TPD) as a hole-transport and 8-hydroxyquinoline
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aluminum(Alqgs) as an electron transport and emissive
material. The ITO glass, having a sheet resistance of
150/ and 170nm thick, was received from Samsung
Corning Co.

A Smm wide ITO strip line was formed by selective
etching in solution made with hydrochloric acid (HCI)
and nitric acid (HNOs) with a volume ratio of 3:1 for
10~20 minutes at room temperature. And then the
patterned ITO glass was cleaned by sonicating it in
chloroform for 20 minutes at 50C. And then the ITC
glass was heated for 1 hour at 80C in solution made
with second distilled deionized water, ammonia water
and hydrogen peroxide with a volume ratio of 5:1:1. We
sonicated the substrate again in chloroform solution for
20 minutes at 50C and in deionized water for 20
minutes at 50°C. After sonication, the substrate was

dried with N, gas stream and stored it under vaccum. Fig.

1 shows molecular structures of TPD, Algs and device
structure. The organic materials were successively
evaporated under 10° torr with a rate of about 0.5~1 A/s.
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Fig. 1. Molecular Structure of (a) TPD, (b) Alq; and (c)
device structures.

The film thickness of TPD and Algs; was made to be
40nm and 60nm, respectively. And Al cathode(150nm)
was deposited at 1.0x10° torr. Light-emitting area was
defined by using a shadow mask to be 0.3x0.5 cm®.

Current-voltage-luminance characteristics of GLEDs
were measured using Keithley 236 source-measure unit,
617 electrometer and Si-photodiode. Luminance-voltage
characteristics were also measured at the same time
when the current-voltage characteristics were measured.
The efficiency of device was calculated based on the
luminance, electroluminescent (EL) spectra and current
densities. The EL spectra were measured using Perkin
Elmer LS-50B spectrophotometer (Xenon flash tube).

3. RESULTS AND DISCUSSION

Figure 2 shows the semi-logarithmic plot of (a)
current-voltage and (b) luminance-voltage characteristics
of ITO/TPD/Alqgs/Al device.
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Fig. 2. (a) Current-voltage characteristics and (b)
luminance-voltage characteristics in [TO/TPD/Alqs/Al
device.
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The current and luminance were measured as the
voltage is increasing from -15V to +15V continuously
and then decreasing backwards from +15V to -15V with
100ms delay time at each measurement.

Figure 2(a) clearly shows that the curve follows
different path depending on the direction of applied
voltage. There are quasi-reversible current maxima at
around +3.5V and minima at approximately +8V. Quite
surprisingly, there exists negative differential resistance
(NDR) region in between 3.5V and 8V. Even though the
maximum current at about 3.5V is about the same as that
at 15V, the luminance at 3.5V is much lower than that at
15V(see Fig. 2(b)). It indicates that even though there is
a high current through a device, most of current does not
contribute to the electroluminescence. There may be
some other conduction route causing the high current
without luminescence. We speculate this phenomenon to
be related to the carrier trapping.
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Fig. 3. (a) Luminous efficiency and (b) external quantum
efficiency characteristics of ITO/TPD/Alqs/Al device.

Transactions on Electrical and Electronic Materials, Vol.3, No.1 March 2002

The carrier trapping site might be either interface or
inside bulk. If we see Fig. 2(b), there is a very weak
luminance of less than 1cd/m? at +5V.

Figure 3 shows the (a) luminous efficiency and (b)
external quantum efficiency of ITO/TPD/Algy/Al as a
function of voltage. When the voltage is applied in
forward direction, the luminous efficiency reaches a
maximum at about 13V even though the current density
and luminance increases further above 13V. When the
voltage is decreased, it follows almost the same path as
before. A little difference is that the variation of
efficiency in forward direction is a little bit steeper than
the other one. Maximum luminous efficiency and
external quantum efficiency are 0.07Im/W and 0.10%,
respectively. These low value of efficiency is not a big
deal at this moment, because this measurement was done
at ambient environment.

Figure 4 shows an electroluminescent(EL) spectra of
ITO/TPD/Alqs/Al device in the range of 3~10V.
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Fig. 4. (a) Electroluminescent spectra and (b) normalized
electroluminescent spectra of ITO/TPD/Alqgs/Al devices.
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It shows that there is a green light emission at 510nm
when the voltage is greater than 5V. This peak
wavelength is a typical one from Algs;. No electro-
luminescence was observed below 2V.

If the applied voltage is 3V and 4V where the current
anomaly occurs, there is a very weak and lousy
luminescence. We can see in the experiment that the
low-voltage luminescence comes from local spots rather
than the whole surface emission. These local spots are
not related to a burn-out of the device because this
phenomenon is reproducible.

4. CONCLUSION

We have observed the anomalous behavior in current-
voltage characteristics of ITO/TPD/Alqs/Al device with
the direction of applied voltage at ambient pressure.
There is a reversible current maxima at low voltage and
there is a NDR region in between 3.5V and 8V. It seems
that the conduction mechanism at low voltage is totally
different from the one at high voltage. We speculate this
NDR behavior at low voltage comes from a carrier
trapping. We have to study further what the source of
carrier trapping is in the device.
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