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Since the first high-efficiency small-molecule organic light-
emitting device (OLED) was reported,1 intense research
effort has been focused in developing high-performance
emitting materials to realize flat panel displays as well as
solid-state lightings.2-4 In particular, the development of
highly efficient and stable blue-emitting material draws
special attention. Blue-emitting material not only is the major
constituent for red-green-blue full color displays, but also
the key emitting element for generating white light in
combination with complementary yellow color. Due to its
intrinsic larger bandgap, the blue emitter also can serve as a
host for a variety of dopant emitters. Since the first report
of blue OLED by Adachi et al.,5 extensive studies on the
design and synthesis of blue light-emitting materials have
been demonstrated. One of the classical blue host emitters
in OLED is 9,10-di-(2-naphthyl) anthracene (ADN).6 It
exhibits a high electroluminescence (EL) efficiency (∼1.9
cd/A) and blue emission with the Commission Internationale
d’Eclairage (CIE) coordinates of (0.20,0.26). However, the
ADN molecules are easily crystallized under a prolonged
electrical stress or under an elevated temperature, leading
to reduced device lifetime. More recently, Lee et al.7 has
modified the ADN structure by introducing methyl group at
the C-2 position of ADN, namely 2-methyl-9,10-di(2-
naphthyl) anthracene (MADN), in order to enhance its
morphological stability and color purity. The nondoped
MADN-based OLED demonstrates the efficiencies of 1.4

cd/A and 0.7 lm/W, and deep blue emission of (0.15,0.10).
Device efficiency can be further improved by doping with
3% sky-blue fluorescent dopant material, e.g., p-bis(p-N,N-
diphenyl-aminostyryl) benzene (DSA-Ph), thereby achieving
high current and power efficiencies of 9.7 cd/A and 5.5 lm/
W, respectively.

Understandably, the success of this doping method relies
on the precise control of dopant concentration (usually
<5%).7,8 Undoubtedly, it imposes severe challenges on the
prospective manufacturing process and thus increases the
manufacturing cost. In addition, phase separation in a
guest-host system is also a potential problem,9-11 because
recent work has proven that phase separation upon heating
is an important cause for performance degradation in some
guest-host system-based devices. Although host and guest
molecules are initially homogeneously mixed, guest mol-
ecules frequently aggregate leading to phase separation
during operation and/or upon heating. Phase separation
increases the host-guest distance beyond the available
distance R (1-10 nm) or capture radius of a guest molecule
for efficient host-guest energy transfer, thus rendering
energy transfer ineffective.12 This phenomenon can further
reduce device lifetime, especially under high-temperature
operation. In view of these shortcomings, considerable efforts
have recently been devoted to the synthesis of high-efficiency
nondoped emitters.13-22

Here, we report a highly efficient blue OLED based on a
newly synthesized material 3,6-di[8-(7,10-diphenylfluoran-
thenyl)]-9-[4′-tert-butylphenyl]carbazole (DDPFTBC). The
DDPFTBC-based nondoped device demonstrated a stable
blue emission with the CIE coordinates of (0.18, 0.36), high
current and power efficiencies of 8.7 cd/A and 9.1 lm/W,
respectively, comparably higher than those of any nondoped
fluorescence blue OLEDs ever reported.
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Figure 1 shows the chemical structures of DDPFTBC,
NPB, and TPBI, along with the device architectures. The
as-synthesized product DDPFTBC was confirmed by 1H-
nuclear magnetic resonance, elemental analysis, and mass
spectrometry. Figure 2 depicts the absorption and PL spectra
of a DDPFTBC thin film deposited on a quartz substrate,
showing a strong blue emission with peak at 478 nm. An

inset in Figure 2 illustrates the energy level diagram for the
OLED. From the UPS analysis, the HOMO of DDPFTBC
was determined at 5.7 eV. Subtracting the optical bandgap
of 2.8 eV (i.e., determined by the cutoff of optical absorption
spectrum) from the HOMO level, the LUMO of DDPFTBC
was estimated to be 2.9 eV.

Figure 3 depicts the EL spectra for devices A and B
viewed in the normal direction at the luminance of 10, 100,
1000, and 10000 cd/m2, respectively. Remarkably, blue light
emission was obtained from both devices A and B with a
dominating peak at 492 nm with a full spectral width at half-
maximum (fwhm) of 79 ( 1.0 nm. It is worth noting that
both devices exhibit nearly identical CIE coordinates of (0.18,
0.37 ( 0.01). In addition, the EL spectra for both devices
are almost independent of the driving voltages, with the
fwhm remained unchanged over a wide luminance range of
10-10000 cd/m2. It suggests that the hole and electron
recombination is well confined within the DDPFTBC layer.It
is a common phenomenon that the EL spectrum of blue-
emitting OLEDs shifts under different electric fields. This
is mainly attributed to the difference in the charge carrier
mobility in the employed organic layers, resulting in the shift
of the emission region. However, it is not the case for the
present DDPFTBC-based devices (i.e., the CIE coordinates
remain constant over a wide luminance range), which is of
particular importance for the commercial full-color applica-
tions. It should be mentioned that our recent study20 on the
use of another new blue-emitter 4,4′,4′′ -trispyrenylpheny-
lamine (TPyPA) showed exciplex formation at the TPyPA/
TPBI interface, resulting in an additional emission peak at
570 nm. Significantly, exciplex formation does not occur in
the present case, which may be attributed to a weaker
electron-donating property of DDPFTBC as compared to the
TPyPA.

Figure 1. Chemical structures of the employed materials and OLED
architectures.

Figure 2. Absorption and photoluminescence spectra of DDPFTBC film
on a quartz substrate. Inset: the energy level diagram for the device.

Figure 3. Electroluminescence spectra of devices A and device B viewed
in the normal direction at the luminance of 10, 100, 1000, and 10000 cd/
m2, respectively.

Figure 4. Current density-voltage-luminance characteristics of device A
(0, 9) and device B (O, b).

Figure 5. Current efficiency-current density-power efficiency character-
istics of device A (0, 9) and device B (O, b).
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Figure 4 shows the J-V-L characteristics of the devices.
At the same driving voltage (<6 V), device A exhibits a
higher current density and a higher luminance than device
B, although the turn-on voltage (defined as voltage required
to obtain a luminance of 1 cd/m2) of both devices are the
same (2.8 V). For instance, at the operating voltage of 5 V,
the current density and the luminance for device A are 77.6
mA/cm2 and 2100 cd/m2, respectively, while those for device
B are only 15.9 mA/cm2 and 1170 cd/m2. It is surprising
that the driving voltage for device A is much lower than
that for device B, since NPB can act as a stepping-stone to
facilitate hole injection at the ITO/DDPFTBC contacts. The
reason for these discrepancies may be attributed to different
carrier mobilities in the organic layers. The present results
appear to suggest that the hole mobility in DDPFTBC is
comparatively higher than that in NPB, thus resulting in a
lower driving voltage.

On the other hand, the incorporation of NPB can signifi-
cantly improve device efficiencies. As depicted in Figure 5,
the maximum current and power efficiencies of device A
are 4.6 cd/A (ηEQE ) 1.97%) and 4.8 lm/W, respectively,
whereas those of device B are 8.7 cd/A (ηEQE ) 3.93%) and
9.1 lm/W, respectively. The performance improvement may
be attributed to a better balance of hole and electron currents
within the DDPFTBC layer, due to the lower hole mobility
in NPB than that in DDPFTBC, consistent with the device
characteristics. The efficiencies of the present DDPFTBC-
based devices are higher than those of the recently reported
blue OLEDs with nondoped and doped light-emitters.6,7,23,24

Table 1 compares the device performance of the present
DDPFTBC-based device with those of the recently reported
ones. Remarkably, the DDPFTBC-based device has com-
parable or better performance than any of the blue OLEDs,
in terms of efficiencies and turn-on voltages. More impor-
tantly, the present device exhibits the highest power ef-
ficiency (9.1 lm/W) among the best ever reported in the
literatures, although its color purity has room for improve-
ment. Although we have not measured the device stability,
we noticed that the DDPFTBC-based device is quite stable,
and its current efficiency remains a high value even after
several days of storage. These excellent device performances

illustrate DDPFTBC is the suitable candidate for commercial
applications.

In summary, we have fabricated a highly efficient non-
doped blue OLED by using a novel EL material DDPFTBC.
The device with a simple structure of ITO/NPB/ DDPFTBC/
TPBI/LiF/Al demonstrated a high current efficiency of 8.7
cd/A, and a high power efficiency of 9.1 lm/W. It shows
stable blue emission with the CIE coordinates of (0.18, 0.36),
with the CIE coordinates and the fwhm remaining unchanged
over a wide luminance range from 10 to 10000 cd/m2.

Experimental Section

Patterned indium-tin oxide (ITO)-coated glass substrates with
a sheet resistance of 30 Ω per square were cleaned sequentially
with isopropyl alcohol, Decon 90, and deionized water, then dried
in an oven, and finally treated in an ultraviolet-ozone chamber. The
ITO substrates were then transferred into a deposition chamber
which had a base pressure of 10-6 mbar. Two devices with
structures of ITO/DDPFTBC (100 nm)/TPBI (20 nm)/LiF (0.5 nm)/
Al (100 nm) (device A) and ITO/NPB (70 nm)/DDPFTBC (30 nm)/
TPBI (20 nm)/LiF (0.5 nm)/Al (100 nm) (device B) were fabricated,
in which N,N′-bis(1-naphthyl)-N,N′-diphenyl-1,1′-biphenyl-4,4′-
diamine (NPB) and 1,3,5-tris(N-phenylbenzimidazol-2-yl) benzene
(TPBI) served as hole-transporting and electron-transporting materi-
als, respectively. For device A, DDPFTBC was employed as both
the light-emitting and hole-transporting materials. Finally, a 0.5 nm
thick LiF and a 100 nm thick Al cathode were deposited by thermal
evaporation through a shadow mask giving an active device area
of 0.1 cm2. Deposition rates were monitored with a quartz
oscillation crystal and controlled at 1-2 Å/s for both organic and
metal layers. EL and current density-voltage-luminance (J-V-L)
characteristics of OLEDs were measured with a programmable
Keithley model 237 power source and a Spectrascan PR 650
photometer under ambient air conditions. Absorption and photo-
luminescence (PL) spectra of DDPFTBC were measured with a
Perkin-Elmer Lambda UV-vis spectrometer. The highest occupied
molecular orbital (HOMO) level of DDPFTBC was measured with
ultraviolet photoelectron spectroscopy (UPS) in a VG ESCALAB
220i-XL surface analysis system. From the HOMO value the lowest
unoccupied molecular orbital (LUMO) level of DDPFTBC was
estimated using the optical band gap determined from the absorption
spectrum of its solid thin film.
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Table 1. Performance Parameters of the Present and Several Recently Reported Blue OLEDs

light-emittera
turn-on

voltage (V)
voltage @ 20
mA/cm2 (V)

maximal current
efficiency (cd/A)

maximal power
efficiency (lm/W)

emission
peaks (nm)

CIEx,y

coordinates (x,y) ref

DDPFTBC 2.8 5.2 8.7 9.1 492 0.18,0.36 This work
BUBD-1:MADN 6.7 13.2 6.1 466 500 0.16,0.30 23
DPF 5.2 5.3 3.0 469 0.16,0.22 24
DSA-Ph:MADN 5.7 9.7 5.5 464 490 0.16,0.32 7
MADN 6.2 1.4 0.7 452 0.15,0.10
TBP:ADN 9.1 3.4 1.8 465 496 0.15,0.23 6

a BUBD-1, -; MADN, 2-methyl-9,10-di(2-naphthyl) anthracene; DPF, 2,7-dipyrene-9,9′-dimethyl fluorene; DSA-Ph, p-bis(p-N,N-diphenyl-amino-
styryl) benzene; TBP, 2,5,8,11-tetra-t-butylperylene; ADN, 9,10-di-(2-naphthyl) anthracene.
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