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High-brightness blue organic light emitting diodes with
different types of guest-host systems”
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We demonstrate high-brightness blue organic light emitting diodes (OLEDs) using two types of guest-host systems. A
series of blue OLEDs were fabricated using three organic emitters of dibenz anthracene (perylene), di(4-fluorophenyl)
amino-di (styryl) biphenyl (DSB) and 4,4'-bis[2-(9-ethyl-3-carbazolyl)vinyl]biphenyl (BCzVBi) doped into two hosting ma-
terials of 4,4'-bis(9-carbazolyl) biphenyl (CBP) and 2-(4-biphenylyl)-5(4-tert-butyl-phenyl)-1,3,4-oxadiazole (PBD) as blue
emitting layers, respectively. We achieve three kinds of devices with colors of deep-blue, pure-blue and sky-blue with
the Commission Internationale de L'Eclairage (CIE) coordinates of (0.16, 0.10), (0.15, 0.15) and (0.17, 0.24), respec-
tively, by employing PBD as host material. In addition, we present a microcavity device using the PBD guest-host sys-
tem and achieve high-purity blue devices with narrowed spectrum.
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Blue organic light emitting diodes (OLEDs) are impor-
tant for various applications, for example, traffic signals,
full color scanners, displays, fluorescence sensor in the
field of biochemistry and lighting, including white emis-
sion generated by color conversion method!". The lumi-
nance efficiency of OLEDs has been greatly improved in
recent years'>*. In 2006, Forrest et al”®! proposed a hy-
brid fluorescent/phosphorescent route to realize efficient
white OLEDs. In this design, white OLEDs with high
efficiency can be achieved with the blue fluorescence
substituting for the blue phosphors. Therefore, the enthu-
siasm of electro-phosphorescence might diminish, while
that for electro-fluorescent OLEDs might revive!*®). In
order to obtain high brightness blue light, microcavity
structure device has been studied intensively to narrow
spectrum and the luminance has been enhanced so as to
get high brightness*'").

In this paper, we report high efficiency blue OLEDs
with three different emitters doped in the hosting materi-
als of 4,4'-bis(9-carbazolyl) biphenyl (CBP) and 2-(4-
biphenylyl)-5(4-tert-butyl-phenyl)-1,3,4-oxadiazole (PBD),
respectively. The blue OLEDs with high brightness and
high color-purity are achieved using a microcavity
structure.

Fig.1(a) shows the schematic diagram of a series of de-

vices. The structure is glass-indium tin oxide (ITO)/N,N'-
diphenyl-N,N’-bis(1-naphthyl)-1,1'-biphenyl-4,4’-diamine
(NPD)/host: guest/Algs/LiF/magnesium (Mg)/silver (Ag).
In this paper, we select dibenz anthracene (perylene),
di(4-fluorophenyl)amino-di (styryl) biphenyl (DSB) and
4,4'-bis[2-(9-ethyl-3-carbazolyl)vinyl]biphenyl (BCzVBi)
doped into CBP and PBD as blue emitting layers, respec-
tively. Fig.1(b) illustrates the chemical structures of
guest and host materials.

The devices were fabricated by conventional vacuum
deposition of the organic layers and the cathode onto an
ITO (15 Q, 150 nm) coated glass substrate under a base
pressure lower than 2.67x1072 Pa. The organic layers
consist of the electron transporting layer (ETL), the
emitting material layer (EML) and the hole transporting
layer (HTL). The substrates were successively cleaned in
detergent, de-ionized water, acetone and isopropanol.
Immediately, prior to loading into a custom-made high
vacuum thermal evaporation chamber, the substrates
were exposed to an ultraviolet-ozone environment for
15 min. The typical deposition rates for organic materials,
Ag and Mg were 0.06 nm/s, 0.02 nm/s and 0.50 nm/s,
respectively. Measurements were carried out and the
devices were kept in N, atmosphere to prevent the nega-
tive effects of oxygen and humidity. The active area of
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the devices defined by the overlap between the elec-
trodes is 4 mm? in all cases. The current-voltage-lumi-
nance (J-V-L) characteristics and electroluminescence
(EL) spectra were measured and recorded by a Keithley
2 400 source-meter and a Minolta PR-6 500 spectrometer.

a: CBP:DSB

b: CBP:perylene
¢: CBP:BCzVBi
d: PBD

e: PBD:perylene
f: PBD:BCzVBi

Fig.1 (a) The structural schematic diagram of devices
with different guest-host systems and (b) the molecular
structures of materials used in host-guest systems

The photo-physical properties of the CBP and PBD
were measured using photoluminescence (PL) spectros-
copy, as shown in Fig.2. The emission areas of CBP and
PBD cover from 350 nm to 550 nm, while the excitation
peak wavelengths of DSB and BCzVBi locate at 420 nm
and 370 nm, respectively, which proves that CBP and
PBD can be the host materials for DSB and BCzVBi.
This indicates that the emission of CBP and PBD can be
absorbed by the guest materials, so the energy from the
host molecule can be transferred to the guest molecule.
In addition, as seen from Fig.2, the most appropriate host
molecular for perylene is the one that emits at about 300
nm. Although CBP and PBD are not the most suitable
host material, the carrier trap instead of energy transfer
exists as the primary mechanism between CBP or PBD
and perylene. The interaction between dipoles depends
on the distance R of the molecules and the orientation of
their transition dipoles. This kind of interaction along
with energy transfer is called as Forster resonance energy
transfer (FRET). The rate constant Kt of FRET can be
expressed as''?!

1(RY
KET _T_(?j > (1)

D

where 1 is the lifetime of the donor in the absence of
acceptor, and Ry is a constant for the donor-acceptor pair,
which is usually called Férster radius with unit of nm
and expressed as
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R, =0.0211-(n"*QY,J & )% , ()

where 7 is the refractive index of the medium, QY is the
quantum yield of donor, « is orientation of the dipoles,
and J describes normalized overlap integral of donor and
acceptor spectra as

J=[ f,(De(MAda, 3)

where ¢,(1) is the molar extinction coefficient, and fp(4)
is the normalized spectral distribution of fluorescence.

From Fig.2(a), we find that the overlap integral of
CBP and acceptor spectra is close to that of PBD and
acceptor. Therefore, the energy transfer efficiencies are
comparable for two hosting materials.
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Fig.2 The PL spectra of host materials and the ab-
sorption spectra of guest materials

Fig.3(a) and (c) reveal that the change of the guest ma-
terials affects the luminance, the turn-on voltage and the
current efficiency of the devices. The turn-on voltages
(measured at the luminance of 1cd/m”) of the devices
using the DSB, BCzVBi and perylene as the guest materi-
als are ~4.0V, ~47V and ~5.5V, respectively. The
maximum current efficiencies of 4.84 cd/A, 1.47 cd/A and
0.43 cd/A are obtained at the current densities of 9.8 mA/
cm?, 360 mA/cm” and 2.6 mA/cm’ for the devices using
the DSB, BCzVBi and perylene as the guest materials,
respectively. As shown in Fig.3(a), the maximum lumi-
nances of the devices using DSB, BCzVBi and perylene as
the guest materials are 33 420 cd/m?, 20 130 cd/m® and
8 226 cd/m’ respectively. The maximum current effi-
ciency and luminance of 4.84 cd/A and 33 420 cd/m’ are
obtained for the device using the DSB as the guest mate-
rial, which are higher than those of devices with other
guest materials. The maximum quantum efficiencies of
DSB, BCzVBi and perylene are ~2.43%, ~0.97% and
~0.21%, respectively, which shows that the quantum effi-
ciency is greatly improved using the DSB as guest mate-
rial. Changing the guest material of the lighting-emitting
layer, we find that the device using DSB as the guest ma-
terial is the best when CBP is used as the host material.

As shown in Fig.3(b), the emission peaks of the device
with DSB as guest material are 480 nm and 514 nm,
those of the device with perylene as guest material are
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458 nm, 486 nm and 524 nm, while those of device with
BCzVBi as guest material are 456 nm and 478 nm. As
illustrated in Fig.3(b), we can see that the device with
DSB as guest material has a narrower spectrum com-
pared with the other two devices. The spectrum of device
with perylene is much wider than those of the others,
which will be suitable for white OLEDs, while the de-
vice with BCzVBi has two blue emission peaks and a
narrower EL spectrum compared with the device with
perylene, which will be better for blue OLEDs.
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Fig.3 (a) Voltage-luminance characteristics, (b) normal-
ized EL spectra and (c) current efficiency and external
quantum efficiency characteristics of devices using
CBP as host material and DSB, BCzVBi and perylene as
guest materials

As shown in Fig.4, we research the properties of the de-
vices using PBD as host material without guest material or
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using perylene and BCzVBi as the guest materials, respec-
tively. Fig.4(a) reveals that the external quantum efficiency of
pure PBD device (0.72%) is very close to that of
PBD:perylene device (0.69%), while that of the device with
BCzVBi as guest material (0.43%) is much lower. The emis-
sion spectra of PBD devices are shown in Fig.4(b). The de-
vice without guest material primarily has two deep blue
emission peaks (Apeaq=407 nm and Aeao:=430 nm). Accord-
ing to the Commission Internationale de L'Eclairage (CIE)
coordinates of (0.16, 0.10) as shown in Tab.1, the device
without guest material emits deep blue light. In addition, the
devices with perylene and BCzVBi as guest materials emit
pure blue light with CIE coordinates of (0.15, 0.15) and sky
blue light with CIE coordinates of (0.17, 0.24), respectively.
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Fig.4 (a) External quantum efficiency characteristics
and (b) normalized EL spectra of devices using PBD
as host material

Tab.1 CIE coordinates of the devices with PBD as
host material

EML materials X Y Description
PBD 0.16 0.10 Deep blue

PBD:perylene 0.15 0.15 Pure blue

PBD:BCzVBi 0.17 0.24 Sky blue

Fig.5(a) shows the schematic diagram of microcavity
OLED with one metal mirror and three pairs of dielectric
mirrors. As shown in Fig.5(b), the normalized EL spectra
indicate that the full width at half maximum (FWHM)
values are 9.5 nm, 12.6 nm and 21.6 nm for the micro-
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cavity devices with PBD, PBD:BCzVBi and PBD:pery-
lene as EML, respectively. Compared with the conven-
tional non-cavity devices with a broader EL spectrum,
the microcavity device will be of great benefit in opti-
mizing the color purity of blue OLED.
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Fig.5 (a) Schematic diagram and (b) normalized EL
spectra of the microcavity devices

We fabricated high-brightness and high-purity blue
OLEDs using two types of guest-host systems by doping
three emitters into three kinds of hosting materials. We
achieve the maximum luminance of 33 420 cd/m* and the
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maximum current efficiency of 4.84 cd/A at the current den-
sity of 9.8 mA/cm’. In addition, we developed three types of
high color-purity deep-blue, pure-blue and sky-blue devices
with CIE coordinates of (0.16, 0.10), (0.15, 0.15) and (0.17,
0.24), respectively, by employing PBD as host material.
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