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1. Introduction 

 
One of the major factors hindering the realization of 

a patterned full-color-PLED is the lack of a simple, 
low-cost method for patterning thin polymeric films. 
The application of conventional photolithography is 
difficult in this case, because many organic thin films 
are susceptible to damage during solvent exposure. 
Thus, several alternative patterning methods have 
been demonstrated, including the use of excimer laser 
ablation, ink-jet printing, and micro-patterning by cold  

 
welding. A more recent method for patterning 

PLEDs is laser-induced thermal imaging (LITI).1,2 
LITI is a laser-addressed patterning process and has 
unique advantages such as high-resolution patterning, 
with an over-all position accuracy of the imaged 
stripes of 2.5 µm and scalability to a large-size mother 
glass. Carbazole-based small molecules, such as 4,4’-
N,N’-dicarbazole-biphenyl (CBP), have been widely 
used as efficient host materials for phosphorescent 
devices. Recently Tokito et al reported that more 
twisted 4,4’-bis(9-carbazolyl)-2,2’-dimethyl-biphenyl 
(CDBP) is a better host material than CBP because of 
its higher lowest unoccupied molecular orbital 
(LUMO) energy level, which can effectively block the 
back energy transfer from guest to host materials.3 In 
the present study, we synthesized a novel solution-
processible polymeric host material composed of 
carbazole and tetramethylbenzene units [poly(CAR-
alt-TMB)] and investigated the light emitting behavior 
of electro-phosphorescent devices fabricated using the 

synthesized host and solution-processible 
phosphorescent dyes. 
 
 
2. Experimental  
 
Fabrication of EL Devices: The solution of poly(3,4-
ethylenedioxythiphene) and poly(styrenesulfonate) 
(PEDOT-PSS) layer was spin-coated on UV-O3 
treated ITO glass and then annealed at 200oC for 5 
min. A phosphorescent emitting layer (EML) was then 
fabricated by spin-coating the polymer solution of 
poly(CAR-alt-TMB) doped with 5.0 ~ 10.0 wt% of 
green or red phosphorescent dyes. After thermal 
treatment of the PEDOT:PSS/EML layers at 80oC for 
60 min in a nitrogen atmosphere, a 5-nm-thick hole 
blocking layer (HBL) of aluminum(III) bis(2-methyl-
8-quinolinato)-4-phenylphenolate (Balq3) was 
deposited. Then a 20-nm-thick electron transport layer 
(ETL) of tris(8-hyroxyquinoline)-aluminum (Alq3) 
and an LiF/Al cathode layer were deposited by means 
of thermal evaporation at 2 x 10-7 Torr. Finally, the 
devices were encapsulated to protect them from 
moisture and oxygen. The LITI experiment was 
conducted under the same condition with the previous 
report.4 
 
 
3. Results and discussion 
 

We used green 1 (fac-tris[2-(2-pyridinyl-kN)(5-
(2,5-dimethylphenyl)phenyl)-kC]iridium(III)), green 2 
(fac-tris[2-(2-pyridinyl-kN)(5-(3,4-di-sec-
butoxyphenyl)phenyl)-kC]-iridium(III)), or red 1 
(iridium (III) bis(1-phenyl[quinolinato-N,C2']) 
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acetylacetonate (pqIr2)) as triplet emitters and 
poly(CAR-alt-TMB) as the polymeric host. 
Phosphorescent devices were fabricated with 
ITO/PEDOT-PSS/α-
NPD(80nm)/polymer+dopant(35nm)/Balq3(5nm)/ 
Alq3(20 nm)/LiF(0.5nm)/Al (200nm) structures 
(where α-NPD= N,N’-diphenyl-N,N’-bis(1-
naphthyl)-1,1-bisphenyl-4,4’-diamine). The doping 
ratios of green 1, green 2, and red 1 in the polymeric 
host were 5, 5 and 10 wt%, respectively. PEDOT-PSS 
was used as the buffer layer, Balq3 as the exciton-
blocking layer, and Alq3 as the electron-transporting 
layer. The forward current of the devices increases 
with increasing bias voltage, and the curves show 
typical diode behaviors. The devices fabricated using 
green 1, green 2 and red 1 show turn-on voltages at 
3.0, 3.5, and 4.5 V, respectively. Figure 1 shows the 
EL spectra of the devices. No emission from the 
polymeric host was observed when green 1 and green 
2 were used, which suggests an efficient energy 
transfer from the polymeric host to green guest 
molecules. The EL spectra of the devices prepared 
using green 1 and green 2 are quite similar, both 
exhibiting peak maxima at 524 nm [with Commission 
Internationale de l'Eclairage (CIE) 1931 color 
coordinate of (0.34, 0.62) and (0.33, 0.62) at 100 
cd/m2, respectively]. The device fabricated using red 1, 
however, showed a small but clear emission band 
from the host polymer at around 450 nm, 
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Figure 1. EL spectra of the devices  
thus indicating that the energy transfer from the host 
polymer to the red guest molecules is inefficient. The 
brightness and efficiency of the red 1-device were 
both very low compared to those of the devices 
fabricated using green 1 or green 2. The EL maximum 
was observed at 612 nm in this case [with   a CIE 
index of (0.60, 0.34) at 100 cd/m2].  The devices 
prepared using the green dopants showed good 
performances, the best output being observed with 5 
wt% green 1. The light-emission results and efficiency 
behaviors of the green phosphorescent devices 

fabricated using poly(CAR-alt-TMB) exceed those of 
the devices based on the conventional mixed host-
composed 4,4’-N,N'-dicarbazole-biphenyl (CBP) and 
poly(9-vinyl carbazole) (PVK) which are normally 
used for green emission(their maximum efficiency 
being 25 cd/A).4 The performances of the constructed 
devices are summarized in Table 1. 
 
 
Guest dye ELmax (nm) Luminance (cd/m2)
Green 1 (5 wt%) 524 4,064(@10V) 
Green 2 (5 wt%) 524 6,826(@10V) 
Red 1 (10 wt%) 612 946(@10V) 
 
Table 1. Summary of the device performances. 
 
We believe that the limited solubility of the red 1 
dopant might suppress mixing of the dissolved host 
dopant system, hence reducing the energy transfer 
from the poly(CAR-alt-TMB) chains. A thin film 
composed of the polymeric host and 5 wt% green 1 
was successfully patterned by means of LITI, and an 
electro-phosphorescent device was fabricated using 
the patterned film. Figure 3 shows a micrograph of the 
device during emission. Poly(CAR-alt-TMB) can be 
used as an efficient host material for green triplet 
emitters, and the polymer film can be transferred by 
using LITI.  

 
 

 
 
Figure 3. Micrograph (taken during emission) of a 
device fabricated using a patterned thin film (with 
80 µm width and 142 µm pitch). 
 
 
4. Summary 
 
A polymeric host for triplet emitters composed of N-
alkylcarbazole and tetramethylbenzene units was 
successfully synthesized. Efficient energy transfer was 
observed between this polymeric host and green 
phosphorescent dyes. The device fabricated using 5 
wt% green 1 in the polymeric host as the emitting 
layer showed the best performance. Thin films of this 
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host-guest system, exhibiting clear stripe patterns 
could be prepared through the LITI process. The 
patterned films were then used to fabricate electro-
phosphorescent devices, which show performance 
characteristics similar to those of spin-coated devices. 
The new host material is a good candidate to be used 
in polymer-based full-color electrophosphorescent 
light-emitting displays. 
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