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Improved Light Emission of Polyfluorene-Type Polymer Light-Emitting Diodes
by Thermal Printing and Solution Process

Daisuke KASAMA", Jun INOUE?, Ryotaro TAKATA", Hirotake KAJII",
Katsumi YOSHINO? and Yutaka OHMORI"

D Center for Advanced Science and Innovation, Osaka University,
2-1 Yamada-oka, Suita, Osaka, 565-0871, Japan;
2 Shimane Institute for Industrial Technology, 1 Hokuryo-cho, Matsue, Shimane, 690-0816, Japan

The emission properties of polyfluorene-type polymer light-emitting diode (PLEDs), using blue emissive
poly(9,9-dioctylfluorene) (PFO) and yellow-green emissive poly[9,9-dioctylfluorenyl-2,7-diyl)-co-1,4-benzo-{2,1°-3}-
thiadiazole)] (F8BT) fabricated by the spin-coating method, the toluene vapor method and the thermal printing method,
were  Investigated.  Poly(2,7-(9,9-di-n-octylfluorene)-alt-(1,4-phenylene-((4-sec-butylphenyl)imino)-1,4-phenylene))
(TFB) is useful for buffer layer and a dopant. By using TFB as interlayer of PLED, TFB acts as exciton-blocking layer,
thus prevents luminescence quenching. By using TFB with 2-(4-biphenylyl)-5-phenyl-1,3,4-oxadiazole (PBD) as dopants
of PFO, current efficiency was improved, compared to PFO only device. This result derives from these materials working
as hole and electron transporting molecules. The devices with red emissive Ir complex and near-infrared Pt complex
doped in PFO showed red and near-infrared phosphorescent emission, respectively. Current efficiencies of PLEDs with
the B phase of PFO fabricated by the thermal printing method and the toluene vapor method were found to have better
emission efficiency than that with the amorphous phase of PFO by the spin-coating method. The EL spectra of PLEDs
using PFO and PFO:F8BT fabricated by the thermal printing method were polarized. It is expected to improve the
characteristics of PLEDs by the optimization of the thermal printing method. We demonstrated improved light emission of
PLEDs with the high-quality  phase by the thermal printing method.

Keywords: poly(9,9-dioctylfluorene), B phase, thermal printing method, polymer light-emitting diode, gel
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PFO gel as shown in Fig. 2. The doping concentration of
F8BT was 5 wt.% relative to PFO. The thickness can be
controlled by transfer speed from 20um/s to 2000pum/s.
The substrate temperature and transfer speed were 75.5 °C
and 20um/s, respectively. The solvent was removed by
baking the samples in air at 80°C for 20min. The typical
thicknesses of emissive layers were 160 - 200nm. For
comparison, PFO and F8BT doped PFO layers were
fabricated by spin-coating method from -chloroform
solution. The typical thicknesses of these layers were
120nm. For studying P phase characteristics, we used the
toluene vapor method to spin-coated PFO for 20 hours.
The cathode consisted of CsF(3nm)/Mg:Ag/Ag was
deposited in vacuum at a chamber base pressure of about
10" Pa. Finally, the device was covered with a glass plate
and encapsulated by epoxy resin in an argon gas
atmosphere to prevent oxidation of the cathode and the
organic layer. An active device area of 4 mm’ was
obtained using a shadow mask.

The EL spectra were measured using a photonic
multichannel spectral analyzer (Hamamatsu Photonics
PMA-11). The current density-voltage- luminance (I-V-L)
characteristics were obtained using a digital multimeter
(Keithley 2000), a regulated DC power supply (Kenwood
PW36-1.5AD), and a luminance meter (Minolta LS-100).
All of the measurements were carried out at room

temperature.
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Fig. 2. Fabrication process by the thermal printing method using
PFOgel.
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3. Result and discussion
We have studied hole and electron transporting effects

using TFB and  2-(4-biphenylyl)-5-phenyl-1,3,4-

oxadiazole (PBD). TFB was used as exciton-blocking
layer to prevent luminescence quenching [13]. TFB and
PBD were doped in PFO for improving property of
PLEDs. The B phase effects of PFO have been also
investigated. When we use the thermal printing or the
toluene vapor method, PFO is formed into 3 phase [9-10].
In this section, we demonstrate emission characteristics of

various PLEDs with fluorene derivatives as host material.

of PLEDs

derivatives with amorphous phase

3.1. Characteristics using fluorene
At first, we investigated the effect of TFB using as
buffer layer. The current density dependence of current
efficiency of PLEDs using F8BT as emission layer is
shown in Fig. 3. The yellow-green PLEDs using F8BT
and F8BT with TFB showed maximum luminances of
approximately 850 and 2500 cd/m’, respectively.
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Fig. 3. Current density dependence of current efficiency of
PLEDs using F8BT, F8BT using TFB as buffer layer.

3 F8BT AV \iz&4%F EL EFOEBREE—HF
etk

)
<

F —=— PFO

I —a— PFO + buffer layer TFB

 —+— PFO:TFB:PBD=10:1:1

- —+*— PFO:Ir(flig),acac=100:3

oo —e—*— e

.
PR sk i ""“"'”’"‘"k,,“’

T

oy —

o ey AAAAALL %m!

“_"_‘.sv
e

Current Efficiency [cd/A]

e
—

ers
= -E-a-E-aea-E R
i aasisl " aaaail

Y= w v
-2 -1

10°
Current density [A/cm’]

10 10
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PLEDs using PFO, PFO using TFB as buffer layer,
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demonstrated  phase effects of PFO using the thermal
printing method and the toluene vapor method. For using
the thermal printing method, a PFO film with the B phase
can be formed easily. Compared to spin-coated PLEDs
with the amorphous phase of PFO, thermal printed PLEDs
with the B phase had good current efficiency. The EL
spectra of PLEDs using PFO and PFO:F8BT fabricated by
the thermal printing method were polarized. The
integrated intensity ratio of I(L)/I(||) was estimated to be

0.85. It is expected to improve the characteristics of

PLEDs by the optimization of the thermal printing method.

We demonstrated improved light emission of PLEDs with
the B phase by the thermal printing method.
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