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The electrical and optical properties of blue organic light-emitting devices (OLEDs)
containing a mixed host emitting layer (EML) consisting of a 1,3-bis(carbazole-9-
yl)benzene (mCP) layer and a 3-tert-butyl-9,10-di(naphtha-2-yl)anthracene (TBADN)
layer were investigated. The driving voltage of the OLEDs with a mixed host EML was
smaller than that of the OLEDs with a single EML. The electroluminescence spectra for
OLEDs containing a mixed host EML showed a dominant peak related to the mCP or
the TBADN layer. The color coordinates of the OLEDs containing a 5% TBADN-doped
mCP EML were (0.146, 0.091), indicative of the deep blue color coordinates.

Keywords Blue organic light-emitting devices; color purity; mixed host emitting layer;
driving voltage; electroluminescence; color coordinates

Introduction

Organic light-emitting devices (OLEDs) have been particularly attractive due to interest
in their promising applications in full-color flat-panel displays [1–5]. OLED displays have
been currently receiving considerable attention because of their potential applications in
lighting sources and flexible displays, which offer unique advantages of low driving voltage,
low power consumption, high contrast, wide viewing angle, high flexibility, low cost, and
fast response [6, 7]. The prospect of potential applications of high-efficiency blue OLEDs
has led to substantial research and development efforts to fabricate OLEDs with various
kinds of unique structures [8]. However, blue OLEDs still have inherent problems of low
efficiency, poor color purity, and short lifetime in comparison with red or green OLEDs
[9]. OLEDs with various structures have been suggested for enhancing the efficiency and
the color stability of blue OLEDs [10–14]. Even though some works on the efficiency
enhancement in green or white OLEDs with a multiple emitting layer (EML) have been
performed to improve the balance of holes and electrons in an EML [15–17], very few
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studies concerning the efficiency enhancement and the color purity in blue OLEDs uti-
lizing a mixed host EML have been reported because of complicated device fabrication
processes. Even though studies on the improvement of the luminance for the OLEDs with a
fluorescence mixed host EML have been performed [18], very few investigations about the
optical properties of OLEDs with a fluorescence and phosphorescence mixed host EML
have been conducted [19, 20].

This paper reports data for the enhancement mechanisms of color purity in blue OLEDs
with a mixed host EML deposited by using organic thermal evaporation. Current density-
voltage, luminance-voltage, and luminance efficiencies-current density measurements were
performed to investigate the efficiency enhancement and the color stabilization of the
OLEDs with a mixed host EML consisting of a 1,3-bis(carbazole-9-yl)benzene (mCP)
layer, a 3-tert-butyl-9,10-di(naphtha-2-yl)anthracene (TBADN) layer, or a mixed layer of
mCP and TBADN acting as a mixed host EML. Electroluminescence (EL) measurements
were carried out to investigate the energy transfer mechanisms of OLEDs containing mixed
host EML layers with and without dopants. The Commission Internationale de l’Eclairage
(CIE) chromaticity coordinates corresponding to the emission colors were determined to
investigate the color purity of the OLEDs with a mixed host EML.

Experimental

The sheet resistivity of the indium-tin-oxide (ITO) thin films coated glass substrates used in
this study was 15 Ω/square. The ITO coated glass substrates were cleaned using ultrasonic
cleaning methods in acetone, methanol, and distilled water at 60◦C for 15 min, and were
rinsed in de-ionized water thoroughly. The chemically cleaned ITO substrates were kept for
48 h in isopropyl alcohol to remove totally residual impurities on the ITO surfaces. After the
immersion process, the surface properties of the workfunction and surface resistance for the
ITO films are not changed. After the chemically cleaned ITO substrates had been dried by
using N2 gas with a purity of 99.9999%, the surfaces of the ITO substrates were treated with
an oxygen plasma for 2 min at an O2 pressure of approximately 2 × 10−2 Torr. Five kinds of
samples used in this study were deposited on ITO coated glass substrates by using organic
thermal evaporation and consisted of the following structures from top: an aluminum (Al)
(100 nm) cathode electrode, a lithium quinolate (Liq) (2 nm) electron injection layer (EIL),
a 4,7-duphenyl-1,10-phenanthorolene (BPhen) (20 nm) electron transport layer (ETL), a
2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) (10 nm) hole blocking layer (HBL),
five kinds of EMLs (30 nm), a N,N′-bis(naphthalene-1-yl)-N,N′-bis(phenyl)-9,9-spiro-
bifluorene (Spiro-NPB) (50 nm) HTL, an ITO anode electrode, and a glass substrate. The
EMLs used in this study consisted of an mCP (30 nm) layer, a TBADN (30 nm) layer, a 5%
TBADN-doped mCP (30 nm) layer, a 20% TBADN-doped mCP (30 nm) layer, or a 50%
TBADN doped mCP (30 nm) layer, which are denoted by devices I, II, III, IV, and V. The
device structures are summarized in Table 1. After organic and metal layers were deposited
on the ITO thin films coated on glass substrates, the OLED devices were covered by using
a glass cap and sealed by using epoxy in a glove box with O2 and H2O concentrations
below 1 ppm. A desiccant material consisting of a barium-oxide powder was used to absorb
the residual moisture and oxygen in the encapsulated device. The deposition rates of the
organic layers and the metal layers were approximately 0.1 and 0.15 nm/s, respectively,
and the deposition rates were controlled by using a quartz crystal monitor. The emitting
area in the pixel was 3 mm × 3 mm. The current density-voltage characteristics of the
OLEDs were measured on a programmable electrometer with built-in current and voltage
measurement units (model SMU-236, Keithely). The brightness was measured by using
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Table 1. Device structures of the blue OLEDs with a mixed host EML.

Anode HTL EML HBL ETL Cathode

Device I ITO
(100 nm)

Spiro-NPB
(50 nm)

mCP (30 nm) BCP
(10 nm)

BPhen
(20 nm)

Al
(100 nm)

Device II TBADN (30 nm)
Device III 5% TBADN doped mCP

(30 nm)
Device IV 20% TBADN doped

mCP (30 nm)
Device V 50% TBADN doped

mCP (30 nm)

a brightness meter, chromameter CS-100A (Minolta). The EL spectra were measured by
using a spectrometer (Perkin-Elmer LS20B instruments).

Results and Discussion

Figure 1 shows the current densities as functions of the applied voltage for devices I, II,
III, IV, and V. Opened squares and circles represent the data for devices I and II containing
undoped EMLs, respectively. Filled squares, circles, and triangles represent the data for
devices III, IV, and V containing an mCP EML with a TBADN doping concentration of 5,
20, or 50%, respectively. The highest occupied molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) levels of the mCP molecule are −6.1 and −2.4
eV, as determined by cyclic voltametry, respectively. The HOMO and LUMO levels of the
TBADN molecule are −5.7 and −3.0, respectively. The electron mobility of device II with
a TBADN EML is larger than that of device I with an mCP EML because the triplet levels
of the mCP molecule is relatively high, resulting in an increase in the turn-on voltage of
device I. While the current density of device III containing an mCP EML with a TBADN
doping concentration of 5% is almost the same as that of device I with an mCP EML,

Figure 1. Current densities as functions of the applied voltage of devices I, II, III, IV, and V. Opened
squares and circles and filled squares, circles, and triangles represent data for devices I, II, III, IV,
and V, respectively.
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Figure 2. Luminances as functions of the applied voltage of devices I, II, III, IV, and V. Opened
squares and circles and filled squares, circles, and triangles represent data for devices I, II, III, IV,
and V, respectively.

the current density of device IV is almost the same as that of device II with a TBADN
EML, resulting that an increase in the doping concentration of the TBADN enhances
the current density of device IV. However, the current density of device V containing an
mCP EML with a TBADN doping concentration of 50% is larger than that of device II
because of an increase in electrons and holes, which do not contribute to the emission
process.

Figure 2 shows the luminances as functions of the applied voltage for devices I, II,
III, IV, and V. Opened squares and circles represent devices I and II containing undoped
EMLs, respectively. Filled squares, circles, and triangles represent the data for devices III,
IV, and V containing an mCP EML with a TBADN doping concentration of 5, 20, or 50%,
respectively. The trend of the luminescence-voltage characteristics for all devices is almost
similar to that of the current density-voltage characteristics. However, the current density
of device V increases more than device II due to an increase of the trap sites for electrons
and holes resulting from the mismatch of energy levels between the TBADN and the mCP
molecules. The luminance of device II is larger than that of device V because the TBADN
molecules are fluorescent materials with a high radiative rate. The luminance of the OLEDs
with a TBADN-doped EML increases with increasing doping concentration of the TBADN
due to an increase in the energy transfer of the exciton from the mCP molecule to the
TBADN molecule.

Figure 3 shows the luminance efficiencies as functions of the current density for devices
I, II, III, IV, and V. While the luminance efficiency of device II has the highest value among
the devices, the luminance efficiency of device I has the lowest value among the devices.
Even though the luminance efficiency-current density curves are almost similar to the cur-
rent density-voltage curves and the luminance-voltage curves, the luminance efficiency of
device V is lower than that of device II. Because the current density of device V is larger than
those of the other devices, the luminance efficiency of device V is lower than that of device II.

The CIE coordinates at 14 V of devices I, II, III, IV, and V with different TBADN
concentrations are shown in Fig. 4. While the CIE coordinates of device III containing
an mCP EML with a TBADN doping concentration of 5% are (0.146, 0.091), which are
the closest value to the national television standard committee (NTSC) blue coordinates
of (0.14, 0.09), those of devices III and IV are (0.157, 0.138) and (0.156, 0.174), which
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Blue OLEDs Utilizing a Mixed Host Emitting Layer [357]/37

Figure 3. Luminance efficiencies as functions of the current density for devices I, II, III, IV, and V.
Opened squares and circles and filled squares, circles, and triangles represent devices I, II, III, IV,
and V, respectively.

are far from the NTSC blue color. Because the exciton energy transfer from the mCP
phosphorescence host molecules to the TBADN fluorescence host molecules increases
through the Förster energy transfer process, the CIE coordinates of the OLEDs with a
mixed host EML are the closest value to the NTSC blue color coordinates.

Figure 4. Commission Internationale de l’Eclairage (CIE) chromaticity coordinates at 14 V for
devices with different concentrations. Filled rectangles represent CIE x coordinates and empty circles
represent CIE y coordinates.
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Figure 5. Electroluminescence spectra at 14 V for devices I, II, III, IV, and V. Opened squares
and circles and filled squares, circles, and triangles represent data for devices I, II, III, IV, and V,
respectively.

The EL spectra at 14 V for devices I, II, III, IV, and V are shown in Fig. 5. The
dominant EL peaks at 14 V for blue OLEDs with an mCP EML or a TBADN EML are
located at 438 and 442 nm, respectively. When the mCP and the TBADN are used as phos-
phorescence and fluorescence host materials, respectively, the excitons are transferred from
the host molecules to the dopant molecules through the Förster energy transfer process or
Dexter energy transfer process. However, the excitons existing in the phosphorescence host
molecules of the mCP in OLEDs with a mixed host EML are transferred into the fluores-
cence host molecules of TBADN through the Förster energy transfer process, resulting in
the shift of dominant EL peaks toward shorter wavelength and a decrease in full widths at
half maximum (FWHM) of the EL spectra of the OLEDs with a mixed host EML.

Conclusions

The enhancement mechanisms of color purity in blue OLEDs fabricated utilizing mixed
host EMLs was investigated. The driving voltage of the OLED containing an mCP EML
with a TBADN doping concentration of 5% was smaller than that of the OLEDs with an
mCP single EML. The color coordinates of the OLED containing an mCP EML with a
TBADN doping concentration of 5% were almost the same value as the blue color of NTSC
coordinates because the exciton transfer probability from the TBADN to the mCP was the
highest value. The FWHM of the EL spectra for the OLEDs containing the TBADN doped
mCP EML was very small, and the dominant EL peak was shifted to shorter wavelength
side. These results can help improve understanding of the enhancement mechanisms of
color purity in blue OLEDs with a mixed host EML.
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