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Significant Improvements in White OLED Color Purity by Doping Ratio of (POB):Ir(pic)
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Abstract - We has been synthesized (POB).Ir(pic) as a red
emitting materials and evaluated in the organic light emitting
diodes (OLED). The layer of Algs doped with (POB).Ir(pic) as
emitters has been demonstrated. The structure of the device is
ITO/ NPB (40 nm) / Zn(HPB)> (40 nm)/ Algs : (POB)-Ir (pic)
(30 nm) / LiF / Al We varied the doped rate of
(POB)oIr(pic). The doped rate is 04 %, 0.6%, 0.8 and 1.2%,
respectively. When the doped rate of the Algs: Ir(POB)2(pic)
was 0.6%, white emission is achieved. The Commission
Internationale de 1'Eclairage (CIE) coordinates of the white
emission are (0.316, 0.331) at an applied voltage of 10.75V.

1. Introduction

Organic light emitting diodes (OLED) demonstrate a lot of
advantages in LCD displays. White light emission with high
efficiency and stability is also desirable for applying OLED to
illumination light sources and backlight in LCD displays [1].
In multi-layer structures, a white color may result from the
combination of two colors (red and blue) or three colors (red,
blue and green). They can be used as a backlight in liquid
crystal display or as a white light source. In order to realize
full color OLED from white light, high efficiency and simple
device processing are required [2]. Kido et al. obtained for the
first time a white EL emission using a multi-emission layers
structure in which the three primary colors were emitted from
different organic layers [3]. A white light- emitting device can
also be applied as a paper-thin light source. This is very
useful for places where lightweight lighting devices are
required, such as in aircraft and space shuttles, and as a
backlight for liquid crystal displays. There are three methods
used to obtain white emitting devices. One method is to dope
single host emissive layers with laser dyes that either emit at
different ranges from the host material or blend two different
emissive polymers. Another is to use a structure that allows
for two or three concurrent emissions from one emissive
layer. The last method is to use a multilayer structure to get
different concurrent emissions from different emissive electron
transport layers [4,5]. In this study, we synthesized the red
emission materials, (POB)oIr(pic) and previous research was

synthesized Zn(HPB), as blue emitting materials [6]. The
ionization potential (IP) and electron affinity (EA) of
(POB)aIr(pic) were measured by cyclic-voltammetry. We

studied white OLED using emitting materials, Zn(HPB), layers
and Algs:(POB)oIr(pic). We varied the doped rate of
(POB)oIr(pic). When the doped rate of the Algs : (POB)2lr(pic)
was 0.6%, white emission is achieved

2. Experiments

A white OLED was fabricated in which a green light
emitting host Algs was doped with a red dye (POB)lr(pic).

The Zn(HPB)> was blue emitting layer. The structure of the
devices were NPB (40 nm) / Zn(HPB)> (40 nm) / Algs:(POB)2
Ir(pic) (30 nm) / LiF / Al The doped rate of the Algs:(POB),
Ir(pic) is 0.4 %, 0.6%, 0.8 and 1.2%, respectively. The organic
materials were evaporated on top of the ITO substrate under
5x10°% torr with deposition rate of about 1.0 A/s. A metal was
deposited under 5%10° torr with a deposition rate of about 10
A/s. The PL spectrum was measured using a Perkin-Elmer
LS45 luminescence spectrometer. The characteristics of the
current density-voltage-luminance and the CIE coordinates
were measured with an IVL 300 series (JBS Inc.). All mea-
surements were performed at room temperature in air.

3. Results and Discussion

The cyclic voltammetry used to measure the energy gap of
(POB)oIr(pic). It was found that the films of (POB)lr(pic)
could be oxidation and reduction. The oxidation onset potential
and the reduction onset potential of (POB)JIr(pic) was
measured to be +1.1 V and -1.40 V. The EA of (POB).Ir(pic)
is 34 eV and the IP is 57 eV. The peaks were observed at
the wavelength of 620 nm and (POB).r(pic) showed red
emission. Fig. 1 shows PL spectrum of (POB).Ir(pic). Fig. 2
shows the energy level alignment of the devices.
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Fig. 1 The PL spectrum of (POB):lr(pic).

Fig. 3 shows the luminanceof devices varying with current
density. Fig. 4 shows the efficiency of devices with the
varying current density. The maximum of the luminance of
device 2 is 14500 cd/m® while the voltage is 10.75 V. It is
clear that the efficiency of device 2 is higher than that of
device 1, 3 and 4. This may due to the thicker emission layer
Algs:(POB)2Ir(pic), which also leads improvement of the
fluorescence quenching by the cathode.
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Fig. 2 The energy level alignment of the devices.
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Fig. 3 The luminance of devices varying with
current density.
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Fig. 4. The efficiency of devices with the varying
current density.

Fig. 5 shows the normalized EL spectra and the CIE
coordinates of devices 1, 2, 3 and 4. The proportion of red
emission increases with the increasing doping rate and blue
emission decreasing with increasing doping rate. When the
doped rate of the Alqgs(POB)ar(pic) layer was 0.6%, white
emission can be obtained. The CIE coordinates are (0.316,
0.331) at a voltage 10.75 V. This phenomenon might be
explained as follows. At increasing the doping rate, red
emission was increased because of more electron and hole
recombination in Algs:(POB)aIr(pic) layer than Zn(HPB)-.
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Fig. 5 The normalized EL spectra and the CIE
coordinates of devices.

Because in this case, the Zn(HPB); is working as a hole
blocking layer. In order to understand the relationship between
the activation energy for El spectrum and material parameters,
in particular IP, an energy diagram of the OLED studied in
this letter is presented in Fig. 2. In the mixed layer, holes
will be transported by hopping between Zn(HPB): molecules,
and electrons by hopping between (POB)JIr(pic) molecules

4. Conclusion

We synthesized blue emissive materials of (POB)oIr(pic).
(POB)aIr(pic) measured energy level values using cyclic—
voltammetry. The IP and EA of (POB).r(pic) was measured
to be 5.7 eV, 3.4 eV. This material was used the red emitting
layer in white OLED. We varied the doped rate of
(POB)aoIr(pic). When the increasing of doping rate, the red
emission increase with the increase doping rate and the blue
emission increase with the increase doping rate. We realized a
white emission using (POB).Ir(pic). When the doping rate was
0.6% white emission is achieved. The CIE coordinates are
(0.316, 0.331) at an applied voltage of 10.75V. We realized a
white OLED using the red emitting material of (POB)2Ir(pic).
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