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Blue Emission Color Control by Co-Deposition
Method in Organic Light Emitting Diodes

JAEHYUN LEE, SOO-KANG KIM, HWANGYU SHIN,
AND JONGWOOK PARK∗

Department of Chemistry/Display Research Center, Catholic University of
Korea, Bucheon, Korea

9,10-bis(3′ ′,5′ ′-diphenylbiphenyl-4′-yl)anthracene (TAT) and 4-(1′-(3′,5′-
diphenylbiphenyl-4-yl)anthracen-9-yl)-N,N-diphenylaniline (TATa) which have
electroluminescence (EL) maximum values of 441nm and 469 nm were used blue
emitting materials in organic light emitting diodes (OLED). OLED devices were
fabricated and characterized by co-deposited emitters of TAT and TATa with different
ratios. C.I.E. values of the devices using TAT and TATa were changed from (0.148,
0.081) to (0.139, 0.194).

Keywords Organic light-emitting diode; blue emitting material; co-deposition
method

Introduction

An organic light emitting diode (OLED) is a kind of optoelectronic devices and its theo-
retical background is based on the photoluminescence of π -conjugated organic materials.
OLED is used for lighting applications and next-generation flat panel displays [1–5]. In
order to achieve matched color to display such as mobile phone and TV as well as light-
ing, various blue color emitters are needed according to the applications. For example,
mobile phone and TV need around 450 nm and 435 nm, and lighting needs 480 nm,
respectively.

Because OLED is a self-emissive display unlike LCD with separate light sources and
color filters, the light emitting materials in the OLED determine the whole performance
of the device. Among the red, green and blue (RGB) light emitting materials used in a
full color OLED, blue one is characterized especially as low efficiencies and short device
lifetimes because its wide band gap for the blue light also represents a steep energy barrier at
the hole and electron injection interfaces compared to the barriers in red and green emitting
materials [6, 7].

In a recent paper [8,9], we have reported new high performance blue-light emit-
ters based on compounds with same anthracene group as their cores. 9,10-bis(3′′,5′′-
diphenylbiphenyl-4′-yl)anthracene (TAT) symmetrically contains a mixture of anthracene
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Figure 1. Chemical structures of materials.

and triphenylbenzene units, which are bulky side groups and 4-(1′-(3′,5′-diphenylbiphenyl-
4-yl)anthracen-9-yl)-N,N-diphenylaniline (TATa) asymmetrically contains both triphenyl-
benzene and triphenylamine groups to anthracene core. TATa has better a lower operating
voltage and high efficiency than TAT without using a doping method, but lower color purity.

In the present study, OLED devices in which the emitting layer was a co-deposited
mixture of TAT and TATa were prepared and characterized. We demonstrate that these
co-deposited devices show a tunable EL spectrum without a doping effect.

Experimental

The method of synthesis for TAT in Fig. 1 is published in J. Chem. Mater [8]. TATa
is also introduced by Organic Electronics [9]. The optical absorption spectra were ob-
tained by HP 8453 UV-VIS-NIR spectrometer. Perkin Elmer luminescence spectrome-
ter LS50 (Xenon flash tube) was used for photo-luminescence (PL) spectroscopy. The
current–voltage-luminance (I-V-L) characteristics of the fabricated EL devices were ob-
tained by Keithley 2400 electrometer and light intensity was obtained by Minolta CS-1000
A, respectively.

Preparation of OLED Device

OLED devices were fabricated as the following structure: ITO / 2-TNATA(60 nm) /
NPB(15 nm) / TAT : TATa = 100 : 0, 20 : 80, 50 : 50, 80 : 20, 0 : 100 (30 nm)
/ TPBi (30 nm) / LiF(1 nm) / Al(200 nm), triphenylamine (2-TNATA)-hole injection
layer, N,N′-bis(naphthalen-1-yl)-N,N′-bis(phenyl)benzidine (NPB)-hole transporting layer,
l,3,5-tris[2-N-phenylbenzimidazol-z-yl]benzene (TPBi)-electron transporting layer, LiF-
electron injection layer, ITO-anode and Al-cathode. The organic layer was vacuum-
deposited by using thermal evaporation at a vacuum pressure of 10−6 torr and the rate
of deposition being 1 Å/s to give an emitting area of 0.04 cm2. The aluminum layer was
continuously deposited under the same vacuum condition.
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Figure 2. UV-Visible absorption and PL spectra in film state.

Results and Discussion

Figure 2 shows the UV–Visible (UV–Vis.) and PL spectra of TAT and TATa in the film
state. The UV–Vis. spectra of both materials showed a UV-Vis. peak corresponding to the
anthracene moiety in the range of 350–404 nm. In the PL spectra, the TAT maximum peak
was measured at 444 nm, which is blue shifted by more than 22 nm with respect to the
TATa maximum peak of 466 nm. Highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) values of the blue materials have −5.54, −2.60 for
TAT and −5.37, −2.50 for TATa, respectively. The reason of different HOMO, LUMO
and PL maximum peak in used materials is because a substituted amine unit in TATa [9].
As shown in Fig. 2, TATa absorbed small wavelength region of around 425 nm in the PL
wavelength range of TAT, suggesting that if both materials are jointly vapor-deposited, the
doping effect that acts through Föster energy transfer will be negligible [10].

To test this effect, we examined five devices in which TAT and TATa were co-deposited
at various ratios as an EML. Figure 3 shows the I-V-L properties of the five devices.

Figure 3. I-V-L characteristics of EL devices: ITO / 2-TNATA(60 nm) / NPB(15 nm) / TAT :
TATa = 100 : 0, 20 : 80, 50 : 50, 80 : 20, 0 : 100 (30 nm) / TPBi (30 nm) / LiF(1 nm) / Al(200 nm)
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Figure 4. EL spectra of the fabricated devices.

Changing ratios of mixture from 100% TAT to 100% TATa, the devices show increasing
I–V curves and decreasing turn-on voltage; hole carrier mobility of TATa can be increased
than TAT because of donating effect of amine unit. Figure 4 shows the EL spectra of the
five fabricated devices. For the systems with 100% TAT and 100% TATa, the maximum
wavelength of EL was 441 nm and 469 nm, respectively. In general in OLED devices, when
a doping agent is introduced into the EML at doping ratios, the EL spectrum could become
asymmetrical or exhibits features of the doping agent’s EL spectrum due to Föster energy
transfer. In the system considered here, however, no doping effects were observed when
TATa was co-deposited with TAT, regardless of the doping ratio. As the TATa content of the
sample increases, the EL spectrum is gradually red-shifted. Changes of wavelength with
varying the ratio of TAT to TATa can be useful in tuning the blue color.

The EL performances of the devices at a current density of 10 mA/cm2 are summarized
in Table 1. Multilayered non-doped OLED devices based on TAT or TATa showed luminance
efficiencies of 3.4 cd/A and 7.4 cd/A at 10 mA/cm2, respectively. Figure 5 shows the

Table 1. EL device performance of ITO / 2-TNATA(60 nm) / NPB(15 nm) / TAT : TATa =
100 : 0, 20 : 80, 50 : 50, 80 : 20, 0 :100 (30 nm) / TPBi (30 nm) / LiF(1 nm) / Al(200 nm)

device, at 10 mA/cm2

ELmax Voltage Turn-on L.E. P.E.
TAT : TATa (nm) (V) [a](V) [b](Cd/A) [c](lm/W) C.I.E. [d](x,y)

100 : 0 441 6.6 4.3 3.4 1.8 (0.148, 0.081)
80 : 20 458 6.5 3.9 4.4 2.4 (0.145, 0.143)
50 : 50 463 6.3 3.7 5.0 2.7 (0.143, 0.163)
20 : 80 463 6.2 3.5 4.9 2.6 (0.143, 0.169)
0 : 100 469 6.0 3.3 7.4 4.3 (0.139, 0.194)

[a] turn-on voltage measured at 1 cd/m2 [b] L.E.: luminance efficiency, [c] P.E.: power efficiency,
[d] C.I.E.: Commission Internationale de l’Eclairage
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Figure 5. Luminance efficiency according to current density of the devices.

luminance efficiency vs current density. As TATa content of the device increases, the
luminance efficiency increased up to a maximum of 7.4 cd/A in the device with 100% TATa.
C.I.E. coordinate values were found to move from the deep blue area for the device with
100% TAT to the sky-blue area for the device with 100% TATa. These findings demonstrate
that the EL efficiency and C.I.E. values can be tuned by varying the co-deposition ratio of
TATa to TAT.

Conclusions

Five OLED devices with an emitting layer comprised of a co-deposited mixture of TAT and
TATa were prepared and characterized. In the devices with 100% TAT and 100% TATa, the
maximum wavelength of EL was 441 nm and 469 nm, respectively. Also, when TATa was
co-deposited with TAT, no doping effects were observed for any of the doping ratios tested.
As the TATa content increased, the EL spectrum was red shifted. In addition, the C.I.E.
coordinates gradually shifted from deep-blue to sky-blue. The present findings thus show
that EL efficiency and C.I.E. values can be gradually tuned by varying the co-deposition
ratio of TATa to TAT.
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