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Abstract

We have investigated the photolithographic
patterning method of light emitting polymer film for
polymer light emitting diodes (PLEDs). Blue light
emitting polymers based on polyfluorene, which can
be cured photochemically to yield an insoluble form,
have been synthesized wusing Ni(0) mediated
Yamamoto polymerization. The relationship between
patterning property and several variables such as the
intensity of the exposed UV light, the concentrations
of additives, has been studied by wusing optical
microscope analysis, UV/visible spectroscopy, and
photoluminescence. We have successfully fabricated
PLEDs composed of the patterned emissive layer and
their electroluminescence property has been also
investigated. In this presentation, the detailed
photolithographic  patterning method and its
application for polymer light emitting display will be
discussed.

1. Objectives and Background

In recent years, organic light-emitting diode
(OLED) have been of great interest for applications as
high-quality self-emission displays for portable
devices such as mobile telephone display. Multi-color
OLEDs have been successfully fabricated by vacuum-
deposition of small electroluminescent molecules, but
solution processing of conjugated polymers (electro-
luminescent polymers) would result in a cheaper and
simpler manufacturing process. However, polymer
LEDs have been not yet commercialized in the area of
multi-color displays due to the restriction of high-
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- insoluble form. The

resolution patterning techniques. The patterning
method of conjugated polymers attracting increased
interest from some researchers. Their approaches
include microcontact printing, screen printing, ink
jetting, the photolithographic method, the laser-
induced thermal image method and so on. Recently,
much attention has especially been focused on the
techniques of photopatterning for conjugated polymer
by  introducing the  chemical amplified
photolithographic method. This technology uses the
application of generating acid upon photolysis and
solubility change between exposed area and
unexposed area.

In this paper, we have investigated the
photolithographic patterning method of polymer LED
by solution process using blue light emitting polymers
with photoresist properties, that is, soluble polymers,
which can be cured photochemically to yield an
detailed results on the
relationship between patterning property and several
variables such as the intensity of the exposed UV light,
the concentrations of additives, will be discussed.

2. Results
We synthesized spirobifluorene polymer containing
photocrosslinkable functional group (PM) via Ni(0)
mediated Yamamoto polymerization. The structure of
the polymer is shown in figure 1. The synthesized
polymer was confirmed with proton Nuclear
Magnetic Resonance ('H NMR) and Fourier



Transform Infrared Spectroscopy (FTIR)
spectroscopic analysis.

The synthesized polymer dissolved in p-xylene and
then mixed 2% photoacid generator (PAG) and 30%
crosslinking promoter. The solution was spin-coated
onto the glass substrate doped PEDOT:PSS layer for
the photopatterning experimental. The thickness of
the coated polymer film is about 1000A. The polymer
film was exposed by using Hg arc lamp for about 30s
through the shadow mask in inert gas atmosphere.
Afterward, to further advance the crosslinking process
in the growing network, the films were annealed at
95°C for 2min. Sequentially, the unexposed region
was developed by THF and the exposed region
polymer networks were found to be insoluble in any
common solvent. The result was confirmed with
microscope analysis and the photoluminescence
image of patterned film (figure 2).

*PM : Photo-crosslinkable
Monomer

Figure 1. The structure of the polymer containing

photo-crosslinkable functional group.

Figure 2 shows photographs of photo-patterning
polymer after patterning process on glass substrate
after patterning process optimization. For the
investigation of electrical properties, Figure 3 (a)
shows electrolumine- scence spectra from
ITO/PEDOT/polymer/LiF/Al devices (P1 and P2 are
pure polymer and the mixture of polymer and 30%
crosslinking promoter, without patterning process,
respectively. P3 is the mixture of polymer, 30%
crosslinking promoter and 2% PAG after patterning
process). The electroluminescent spectrum of P2
resulted in red shift compared to P1 which might be
due to polymer/crosslinking promoter mixture’s phase
separation effect. In the case of P3, it resulted in blue
shift compared to P1 which might be due to the
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Figure 2. Photographs of the polymer thin film
after the photolithography process on glass

substrate.
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morphology transformation of polymer side chain and

the decreased thickness of the polymer film after
process.

Figure 3 (b) shows the external quantum efficiency
(Q.E.) curves of the devices. The maximum Q. E. (%)
of P1 was 0.6%, but that of P2 containing 30%
crosslinking promoter was 0.1%. The introduction of
the crosslinking promoter led to poor device property
in our results, which weight be related to some phase
separation between the polymer and crosslinking
promoter. As for P3, it was better device performance
than P2, which might be explained by the decrease of
the polymer thickness after the patterning process. In
our experiment (not shown here), maximum device
performance was obtained with the polymer film
thinner than P2.

In this study, we have investigated the
photolithographic patterning method of polymer LED
by solution process using blue light emitting polymers
with photoresist properties. Afterward, we will also
discuss the optical properties of the polymer after
patterning, such as UV, photoluminescence and
electroluminescence according as difference of the
concentration of crosslinking promoter and PAG in
detail.

3. Summary
We have patterned conjugated emissive polymer
using the photoacid generator-based photolithographic
method and have successfully fabricated PLEDs
composed of patterned emissive layer. The result was
confirmed with microscope analysis and the

photoluminescence image of patterned film (Figure 2).

Also, according as difference of the concentration of
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crosslinking promoter the optical properties of the
polymer before or after patterning will be discussed in
detail.
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