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ABSTRACT

Light-emitting dendrimers are a new distinct class of material for OLEDs. Dendrimers consist of a light-emitting
core, dendrons and surface groups. Dendrimers are designed for solution coating and have a number of advantages over
conjugated polymers. We report our recent results for solution processed green dendrimer OLEDs. The OLEDs were
fabricated by spin-coating a blend of first generation dendrimer/host material followed by the evaporation of a hole
blocking layer and a LiF/Al cathode. Power efficiencies of 50 Im/W at practical brightness levels were achieved for
these structures.
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1. INTRODUCTION

Light-emitting materials have traditionally fallen into two main classes, namely small molecules' and conjugated
polymers®. Conjugated polymers are solution processed whilst small molecule based organic light-emitting diodes are
produced by evaporation.

Light-emitting dendrimers are a new class of material for OLEDs’. Dendrimers consist of a light-emitting core,
dendrons and surface groups. Dendrimers are solution processible and have a number of advantages over conjugated
polymers. These include being produced by a modular synthetic route, which gives greater flexibility over controlling
the properties and independent optimisation of the processing and electronic properties. Also, the generation of the
dendrimer gives molecular control over the intermolecular interactions that are vital to OLED performance’.

Finally, both fluorescent and phosphorescent dendrimers are easily accessible. Phosphorescent light-emitting
materials can harness emission from singlet and triplet excited states so that it is possible to achieve OLEDs with 100%
internal quantum efficiency. In contrast, in fluorescent materials, triplet formation leads to substantial loss of
efficiency.

Recently reported results for a single layer spin-coated dendrimer devices demonstrated the potential of the
green phosphorescent dendrimer emitter’. In another recent work we reported some preliminary results for different
combinations of host and hole blocking materials®’ in double layer devices. Here we report our latest improvements in
the performance of double layer OLEDs based on the combination of the first generation green emitting dendrimer
with 4,4°,4”-tris(N-carbazolyl)triphenylamine (TCTA)® as a host material and 1,3,5-tris(2-N-
phenylbenzimidazolyl)benzene (TPBI)’ as a hole blocking/electron transporting material.
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2. EXPERIMENTAL

The OLEDs were fabricated by spin-coating a blend of first generation dendrimer/host material followed by
the evaporation of a hole blocking layer and a LiF/Al cathode. The dendrimer (IrppyD)>° consists of a fac-tris(2-phenyl-
pyridine)iridium core, phenylene dendrons, and 2-ethylhexyloxy surface groups, as shown in Fig.1. This dendrimer has
one level of branching and hence it is a first generation dendrimer.

Fig.1. Structure of IrppyD

ITO coated glass substrates were cut into 1” by 1” squares and patterned using standard photolithography.
After the patterning the substrates were cleaned with detergent, rinsed with deionised water, dried in the oven, and
finally subjected to an oxygen plasma treatment.

The dendrimer/TCTA blends were typically spin-coated onto the substrates from 5-10 g/l solution in toluene at
100 to 4000 rpm to give a 20 to 50 nm thick films. The coated substrates were transferred to a Spectros vacuum
evaporator (KJ Lesker) and a layer of a hole blocking/electron transporting material TPBI, 1.2 nm of LiF and 100 nm of
Al were deposited sequentially. A typical device structure is shown in Fig.2.
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Fig.2. Typical device structure and HOMO/LUMO values for the materials used.

The completed devices were tested in air immediately after the fabrication. A PC controlled set up comprising a
Keithley 4200 source-measure unit and Minolta LS100 luminance meter was used to gather electro-optical
characteristics of the OLEDs. A CCD spectrograph (Oriel) was used to take EL spectra.
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3. RESULTS AND DISCUSSION

The results of electro-optical testing are presented in Fig.3. (a) to (d).
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Fig.3. Electro-optical characteristics and efficiency of ITO/TCTA:IrppyD/TPBI/LiF/Al device a) current-voltage; b)
luminance-voltage; c) efficiency-voltage; d) luminance efficiency-voltage

The devices turn on at 2.8 V. The CIE coordinates for the emission are x=0.31 y=0.64 and stay virtually
unchanged at high luminance . A power efficiency of 50 Im/W is achieved for these structures at 40 cd/m’, 3.4 V, and
54 c¢d/A. At a luminance of 10000 cd/m” the power efficiency was found to decrease but only to 20 Im/W. The
performance of a typical device is summarised in Table 1.
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Table 1. Summary of the typical device performance.

Voltage, V Luminance, Efficiency, cd/A | Luminance
cd/m? efficiency, Im/W

2.8 0.1 39 44

3.4 40 54 50

3.7 100 54 46

4.5 1000 54 36

6.5 10000 42 20

The device structure and energy values of HOMOs and LUMOs are shown in Fig.2. It is likely that holes
injected from the ITO are transported by hopping from one IrppyD site to another. Due to the high barrier to the hole
transport at the TCTA/TPBI interface a high density of positive charge is created. This high charge density results in a
strong electric field across the electron-transporting layer leading to an enhanced electron injection. Electrons crossing
the TPBI/TCTA interface are recombining with holes blocked on the dendrimer sites with a very high efficiency.

4. SUMMARY

These numbers are comparable with the best performance figures reported for the small molecule phosphorescent
OLEDs’ and surpass the best polymer devices'’. We believe that these are the best results reported to date for the
solution processed devices. Such high efficiency achieved for a solution processed dendrimer device paves a way to
cheaper large area displays.
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