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ABSTRACT

Organic light emitting devices (OLEDs) are developed in the 20™ century and grabbed
much attention due to their wide applicability in modern displays and solid state lighting. OLEDs
are fabricated using organic semiconductors (OSCs). OSCs are broadly categorized into two
types, (a) small molecules and (b) long chain polymeric molecules. OSCs are composed of
carbon, hydrogen and other low atomic number atoms like oxygen, sulphur, nitrogen etc. The
electronic and optical properties of OSCs are due to carbon atoms, which can be explained by
using the concept of hybridization. Carbon can possess three types of hybridizations: sp, sp? and
sp®. The OSCs in which carbon possesses sp® hybridization are used in OLEDs. Due to sp?
hybridization, these carbon atoms have three o bonds (corresponding to sp? orbital) and one =«
bond (corresponding to p; orbital). The ¢ bond holds the molecule together, while the n electrons
in 7t bonds are delocalized over the molecule. Due to these n electrons, OSCs, used in OLEDs,
have good electrical and optical properties. Enormous amount of work has been performed on
OLEDs based on these sp® hybridized OSCs. Still, the efficiency of OLEDs is needed to be
improved. Efficiency of OLED depends upon charge carrier balance inside emissive layer,
radiative emission efficiency of excitons formed inside emissive layer and efficient light
outcoupling.

In this thesis, we have focused on the optimization of charge carrier balance, radiative
recombination efficiency and optical outcoupling efficiency. Chapter 1 provides an introduction,
different types, and various applications of OLEDs. In chapter 2, details of experimental
techniques used in the fabrication of sample devices, instruments involved in the characterization
of these devices have been described. The methods used for the determination of thin film

properties of OLEDs are also discussed later in the chapter.



Chapter 3 presents the results of the studies on electrical properties of OLEDs. This work
is focused on electron transport materials tris (8-hydroxyquinoline) aluminum (Algs), 5,5°-(2,6-
di-tert-butylanthracene-9,10-diyl)bis(2-p-tolyl-1,3,4-oxadiazole) (OXD-PTOL). The electron
only devices are fabricated using Algs and OXD-PTOL. The results of OLEDs using these two
materials are also presented in this chapter and their comparison as an electron transport material
is discussed. Also the effect of mixing highly ordered organic semiconductor (8-hydroxy
quinolinato) lithium (Liq) in these two organic materials on their electron transporting properties
has been studied. Optimization of the concentration of Liq for better efficiencies of OLEDs is
also performed in this work.

In chapter 4, we have described the interaction of the surface plasmons (SPs) formed at
noble metal (gold, silver) nano-clusters with excitons and their effect on the fluorescence
efficiency of organic materials. In this work gold and silver nano-clusters (GNCs and SNCs)
were deposited using vacuum evaporation technique. The SP wavelength of 545 nm and 445 nm
were measured for Au and Ag nano-clusters (NCs), respectively. Therefore, Au NCs were used
with green emissive material Ir(ppy)s and Ag NCs with blue emissive material BCzVBIi. The
interaction between the SPs and excitons were studied using steady state and transient PL
spectroscopy by varying the size of NCs. Excited state life time has been calculated from the
transient PL spectra and found to be decreased from 0.35 psec to 0.1 pusec and from 4.5 nsec to
2.2 nsec for Ir(ppy)s and BCzVBI, respectively. PL intensity has increased by about 3.2 times for
Ir(ppy)s and 1.8 times for BCzVBi.

Chapter 5 provides the results of the OLEDs fabricated using Au and Ag nano-clusters
incorporated inside the structure and the optimization of their location in the structure. The nano-

clusters were incorporated inside the device at different locations. The cluster density has been



optimized in order to get same current density as for the device without NCs. GNCs were used
for green OLED and SNCs for blue. The enhancement of about 2.8 times and 1.8 times in the
luminous efficiency was found for the green and blue OLED respectively for a distance of 5 nm
between the emissive layer and NCs.

Chapter 6 deals with the extraction efficiency improvement of the OLEDs using glancing
angle deposited (GLAD) nano-porous films of ITO. In this work, we have deposited
nanostructured films of ITO by rf sputtering technique at glancing angles of 65°, 75° and 85°. The
optical parameters such as optical transmission and refractive index are measured for these films.
The films were found to have refractive indices of n=1.8 - 1.9, 1.4 - 1.5 and 1.2 - 1.25 for the
glancing angles 65°, 75° and 85°, respectively compared to the refractive index of 1.8-1.9 for
continuous 1TO films grown for normal incidence. The films fabricated at glancing angle 85°
were found to be optimum and were incorporated in the device at ITO/ glass and glass/ air
interface. These films cause the enhancement of extraction efficiency by about 2.5 times.

Chapter 7 provides the study of nano-phosphor coated OLEDs for white light generation
(down conversion) as well as for extraction efficiency enhancement. We have fabricated down
converted white organic light emitting diodes (WOLEDSs) by using cerium doped YAG nano-
phosphor after mixing them in binder poly venyle acetate (PVAc) polymer matrix by changing
the concentration of nano-phosphor. Down conversion layer was deposited by using a low cost
spin coating technique. The enhancement in extraction efficiency by a factor of about 1.6 was
found comparable to other expansive techniques for the fabrication of down conversion layer.

In chapter 8, we have listed the conclusions from the research work carried out in this

thesis and also we have discussed the future scope of work in this chapter.
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