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ABSTRACT

Organic semiconductors have attracted lot of atienin technological community due to its
potential applications in organic light emittingpdes (OLEDS), organic photovoltaic cells and
field effect transistor etc. OLED is being consettas one of the most promising technology for
flat-panel displays and in general lighting. The @fithe important layer of OLED devices is the
electroluminescence layer, for which polymer anélsmolecular weight metal chelates can be
used. The small molecule based metal chelates rereappropriate candidates as they are
processed by conventional vacuum deposition tedesiqSmall molecule based Zn metal
complexes can be used in OLED devices as electrdrhale transport layer. It can also be used
as an emissive layer because of their wide spaespabnse in the visible region.

Zinc metal complex viz. {[(2-(2-hydroxyphenyl)bem@azole)2-methyl -8-hydoxyquinoline}
zinc [Zn(HPB)mq] have been synthesized and charaetk by different characterization
techniques (TGA, UV visible and Photoluminescenpec&oscopy). The thermo gravimetric
analysis shows the degradation of Zn(HPB)mq at’@50Both the photoluminescence and
electroluminescence properties are extensivelyielud The UV-Visible spectrum shows the
absorption maxima at 380 nm. The photoluminescepeetra of the solution of Zn(HPB)mq
exhibits maxima at 525 nm. Organic light emittehigde device has been fabricated with the
structure ITO4-NPD(40 nm)/Zn(HPB)mMQq(35 nm)/LiF(1 nm)/Al(100 nmyhich shows a peak
in electroluminescence at 545 nm . Moreover, adectmly device of the Zinc metal complexes
[Zn(HPB)mq] has been fabricated. The current —gataharacteristics of this device shows
ohmic conduction at lower voltage and the spacegehbmited conduction is observed at higher
voltage. The optical and electrical properties afpfer phthalocyanine (CuPc) have been
studied.The thermo gravimetric analysis shows #gratation of CuPc at 4%D. The UV-Vis
spectrum of CuPc shows the absorption maxima shatw270 nm and the maxima in
photoluminescence of CuPc has been found at 410 nm

The hole-only device by using CuPc as organic semdiactor has also been fabricated. The
current- voltage characteristics of this organic¢eral shows ohmic conduction at lower voltage
, trap charge limited conduction (TCLC) at modenatttage and trap free space charge limited
conduction at higher voltage .The trap energy Remni energy from the I-V data has also been
calculated. At lower voltage the traps are shaltoaps and at higher voltage the traps are deep
traps.
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CHAPTER-1

INTRODUCTION

1.0 Introduction

Organic electronics is now a rapidly evolving reshafield with vast number of
applications having high potential for commercialceess. Research in this field is
conducted on a largely multidisciplinary level, atwing: theoretical physics and
Chemistry, synthetic chemistry, various materiatl atevice characterization methods,
device engineering. In order to fulfill the demaror the expertise necessary to
appropriately address the organic electronicsedlatientific topics, the research projects
are often conducted in co-operations between vari@search groups. Since organic
electronics has a potential to provide substantianues in the near future, electronic and
chemical industries also show increasing interasthis field. As an outcome of this
interest a significant research effort is also uwtadeen by industrial research and
development (R&D) laboratories.

For the development of new organic electronic @apibns and improvement of
performance of the already existing prototype desjiomaterials with desired properties
play an instrumental role. They are the key ingret, which provide competing
functionalities (e.g. flexibility, lightweight) tdhe electronic devices. One of the most
advantageous features, associated however mogtlyseiuble organic materials, is their
good processing ability. The various organic-badedlices can be made by printing
methods,e.g. inkjet, roll-to-roll, which simplifies and speedg whe production process.
Consequently, it also greatly lowers the manufaetucosts, which are often regarded as
the deciding factors for successful commercialmatf the devices.

Some of the developed organic materials alreatipéproperties enabling their use
in the electronic devices. Though for many appime, available at this time materials, do

not provide satisfactory device performance andratmeal stability. Now a day these
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shortcomings definitely hinder the progress in caromalization of organic-based
electronic devices. For the sustainable developn@ntorganic electronics in-depth
knowledge and understanding of physical and chdrpicgerties of organic materials is
necessary. One of the biggest drawbacks of orgasidts tendency for alternation of
properties not only during operation of devices éwtn under ambient conditions (often
referred to as ageing). This in-turn constitutesgamificant problem that limits both shelf
and operational lifetime of the devices. Since ynamganic electronic applications
encompass several thin film layers made of orgaaied often also inorganic materials, the
understanding of interfaces is another importastiasfor the development of organic

electronics.

Luminescent Metal Chelates attracted tremendo@htah and numerous potential
applications have been proposed. The choice oflnutia for EL chelates is limited to
those metals which do not exhibit d-d transitiomat tmay interfere with the luminescence
of the ligand. Therefore, aluminium (111), boroll), beryllium (II) and zinc (ll) are ideal.
Since beryllium (II), boron (1ll) and aluminium (jlhas no ‘d’ electron and zinc (lI) has a
closed shell of ‘d’ electrons. The metal ions osdyve a structural purpose by stabilizing a
luminescent ligand. Small organo-metallic compleré<Zinc have high stability , high
efficiency, longer life and are ideal for as enmitteaterials in OLEDs.

1.1 History of Organic semiconductor

With the invention of the transistor around the dhedof the last century, inorganic
semiconductors like Si or Ge began to take overdleas dominant material in electronics
from the before prevailing metals. At the same tithe replacement of vacuum tube based
electronics by solid state devices initiated a tgweaent which by the end of the 20th
century has lead to the omnipresence of semicoadugicroelectronics in our everyday
life. Now at the beginning of the 21st century we &acing a new electronics revolution
that has become possible due to the developmentuaddrstanding of a new class of

materials, commonly known as Organic Semiconductors



The enormous progress in this field has been drbyetine expectation to realize new
applications, such as large area, flexible lightrses and displays, low-cost printed
integrated circuits or plastic solar cells from dbematerials. Strictly speaking organic
semiconductors are not new. The first studies @& dark and photoconductivity of
anthracene crystals (a prototype organic semicdondudate back to the early 20th century
. Later on, triggered by the discovery of electnolbescence in the 196Qs?2] molecular
crystals were intensely investigated by many red$ems. These investigations could
establish the basic processes involved in optxataion and charge carrier transgds]
Nevertheless, in spite of the principal demonsiratif an organic electroluminescent diode
incorporating even an encapsulation similar to ¢lnes used in nowadays commercial
display applicationg5], there were several draw-backs preventing practisal of these
early devices. For example, neither high enoughleotirdensities and light output nor
sufficient stability could be achieved. The mairsiacles were the high operating voltage
as a consequence of the crystal thickness in tiseometer to millimeter range together
with the difficulties in scaling up crystal grow#ls well as preparing stable and sufficiently
well-injecting contacts to them.

Since the 1970s the successful synthesis and dedtrdoping of conjugated
polymers[6] established the second important class of orgeemasiconductors which was
honored with the Nobel Prize in Chemistry in theary@000. Together with organic
photoconductors (molecularly doped polymers) thaselucting poly- mers have initiated
the first applications of organic materials as agritve coatingg7] or photoreceptors in
electro photography. The interest in undoped omaemiconductors revived in the 1980s
due to the demonstration of an efficient photovoltaell incorporating an organic hetero-
junction of p- and n-conducting materig®j as well as the first successful fabrication of
thin film transistors from conjugated polymers asidjomers[9-11]. The main impetus,
however, came from the demonstration of high-penéorce electroluminescent diodes
from vacuum-evaporated molecular filrfi2,13] and from conjugated polymef$4,15].
Owing to the large efforts of both academic andugtdal research laboratories during the
last 15 years, organic light-emitting devices (OldtDhave progressed rapidly and
meanwhile lead to first commercial products incogpog OLED displayq16]. Other
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applications of organic semiconductors e.g. asclagicuits with organic field-effect
transistors (OFETSs) or organic photovoltaic ce@P{Cs) are expected to follow in the
near futurgl7].

1.2 Organic semiconductor

Organic electronics, or plastic electronics, isranbh of electronics that deals with
conductive organic molecules. This is as opposedattitional electronics which relies on
inorganic semiconductors such as copper or siliddrere are three major classes of
conjugated organic materials: (a) organic chargester complexes, (b) various
conjugated polymers derived from polyacetyleneslygi®nylenes, polypyrroles and
polyanilines, and (c) pentacene and sexithiophenie small conjugated molecules or
oligomers. Organic conductive materials are light&d more tunable than inorganic

conductors.

In addition, the flexibility of organic synthesimables the formation of organic
molecules with useful luminescent and conductingpprties and thus their usage as
materials in organic field-effect transistors (ORI drganic light emitting diodes (OLEDS)
and photovoltaic cells. However, in general, thgaoic conductive materials have a higher
resistance and therefore conduct electricity poahd inefficiently as compared to

inorganic conductors.

Organic materials are composed mainly of carbomatdther low atomic number
atoms, like: oxygen, sulfur, are also common boddielements. The electronic
configuration of carbon atom allows it to form eifént hybridized orbitals, namely sp?sp
and sp, as the chemical bonding configuration. The etettr configuration of carbon
atom consists of 2 electrons in core 1s level dahas 15and 4 valence electrons residing
in 2s and 2p levels, which can be denoted asus$ 25, respectively. In order to explain
electronic configuration in different compounds atwng carbon, the concept of
hybridized orbitals is used. Hybridized orbitalee aassumed to be mixtures of atomic

orbital. The wave functions of the s and p atonrigitals combine to form a new set of



equivalent hybrid orbital. New orbitals are lineambinations of atomic orbitals and the
reason they form is to minimize the total energytted formed compound. When one s
orbital mixes with three p orbitals it yields fosp® type hybrid orbitals. Each of them
consists of two lobes of different size. Four laripdes are oriented towards the corners of
a tetrahedron at angles of 109.5°. When carbonsatwenbonded in such a scheme each of
them has four neighbors. This configuration canfdaend in diamond. Another type of
hybridization is the one that involves only onergl awo p atomic orbital’'s. The three
hybrids are span in the plane and are orientedgés of 120° to one another and contain
one electron each. The remaining electron residesinhybridized p orbital oriented
perpendicular to the plane of’sprbitals In that case only one s and one p @astform
hybrid orbital. The remaining two p electrons amhybridized and reside in orbitals
oriented at 90° to the sp hybrids. Such hybridimascheme accounts for linear geometries.

7 bond

Figure 1.1: Schematic repragation of ¢ and « bond in organic

materials.

When two atoms are bond through hybridized orhita¥® different types of bond
exist, depending on their alignment with respecthis bonding direction. Sigma bonds,
denoted aw, are symmetrical about the axis joining the tweleu This type of bond
allows for rotation of atoms along the bonding dii@n. Most often such rotation is
prevented by existence af bonding. This bonding is constructed from electrom

unhybridized p orbitals and geometrically is peigieular to the axis joining two nuclei.
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Hence, when two carbon atoms are bonded threugimd = bonds, the later prevent
rotation of these two atoms. These two types ofdbatiffer significantly by means of
their strength. Since the spatial overlap of otbits larger fors type of bonding tham
type, the later is significantly weaker. This inesk consequences for the energy
associated withs or n electronic levels in a molecule (or bands in ayp@r). The
general picture in both cases is such thatates are always lower in energy thastates
(andvice versa for the occupied states). The existence of a sirylable or triple bonds
corresponds directly to the type of hybridizatiarwarring when a molecule or polymer is
formed. Another consequence of different hybridatschemes is the geometry of a
compound. Polymers can be formed throughapsg hybridization, which determines
their electronic properties. Polymers with a baaiebduild from sp hybridized carbon
atoms have large band gap (above 3eV), which imptiptical transparency and
insulating properties. Units in such polymers amnected only througls bonds.
Another class of polymers often referred as coripgygolymers have their backbone
build through sp hybridization. In such configuration both and = bonds are
present(Figure 1.1). The later are responsibleufuque electronic properties of such

systems.

Delocalized m electron

forms ring orhital

3
Plane of SI**

orhitals

forms ring orbiral

Figure 1.2: Then electrons of a benzene molecule form a delocalizeshg orbital
above and below the plane of the hexagon defineg the six carbon atoms.



Since there is interaction betweerbonds of carbon atoms, the electronic wave
function is delocalized along the polymer chain.isTllelocalization enables fast
movement of charge-carrying species (polarons/aimpok) along the backbone. As
mentioned above, there are two major classes @nargemiconductors: now molecular
weight materials and polymers. An important diffeze between the two classes of
materials lies in the way how they are processedotm thin films. Whereas small
molecules are usually deposited from the gas plssublimation or evaporation,
conjugated polymers can only be processed frontisale.g. by spin-coating or printing
techniques. Additionally, a number of low-molecufaaterials can be grown as single
crystals allowing intrinsic electronic properties be studied on such model systems
[18,19]. The controlled growth of highly ordered thin filregher by vacuum deposition
or solution processing is still subject of ongomegearch, but will be crucial for many
applicationg20].

1.3 Organic light emitting diodes: structure and ogration

Semiconducting polymers play a major role theses deyactive materials in a new
generation of electronic and optical devices, iditlg OLEDs[21-23] photo detectors,
photovoltaic cells, solar cell, sensj@4,25,26]thin film transistorg27-29] and optical
amplifiers/lasers. OLEDs are being considered f@Dk as one of the most promising
next generation flat-panel displays because of #ese of manufacturing, all solid state
design, and being self-emitting with wider viewiaggle.

1.3.1 Structure/Fabrication of OLEDs

A typical OLED utilizes ~100 nm of a polymer/smaiblecule film sandwiched
between an anode and a metal cathode. When a thiwas is applied, electrons are
injected from the cathode into the LUMO of the po&r and holes are injected from the
anode into the HOMO of the polymer. After carrien®e injected, they drift in the
presence of the externally applied electric figgdhbpping from molecule to molecule or
through the polymer chain to the opposite electrédsechematic structure of an OLED is
shown in Figure 1.3.



Cathode

Electron

transport layer

Emissive layer

(organic molecules or polymer)

Hole transport layer
(PEDOT-PSS)

Anode

(ITO)

Substrate

OLED Structure

Figure 1.3: Schematic of th&scture of a polymer/organic LED

Cathode may or may not be transparent dependirtheotype of metal used. The
cathode is typically low-to-medium work function taksuch as Cadf = 2.87 eV), Al (®
= 4.3 eV) or Mgo Ago1 (Mg ®=3.66eV) deposited either by thermal or e-beam
evaporation. However, in case of Al and Ca, additad an appropriate buffer layer
(electron transport layer) between the top orgéayer and the metal cathode improves
the device performance considerably. Figure 1.4wsha typical multilayer OLED
structure. Appropriate multilayer structures tyflice@nhance the performance of devices
by lowering the barrier for hole injection from theode and by enabling control over the
e (electron) and h(hole) recombination region, e.g., moving it frone torganic/cathode
interface, where the defect density is high, it bulk. Hence the layer deposited on the
anode would generally be a good hole transport nagte@roviding the hole transport
layer (HTL). Similarly, the organic layer in contawith the cathode would be the
optimized electron transport layer (E)T130].

The existing OLED fabrication procedures fall intwo major categories: (1)
thermal vacuum evaporation of the organic layerssnmall molecular OLEDs (also
known as SMOLED) and (2) wet coating techniqueshef polymer layers. Thermal
evaporation of small molecules is usually perforriredacuum of ~ 18 torr or better.



However it has been observed that the residualsgagte chamber may affect the
performance of the device significantly. One of thest salient advantages of thermal
vacuum evaporation is that it enables the faboecatf multilayer devices in which the
thickness of each layer can be controlled easilgontrast to wet coating techniques like

spin coating. More about fabrication technique lsariound in referenci30].

Metal Cathode

Electron transport
laver

Organic emitting ITO (Anode)
lavers

Hole injection
laver

(zlass
substrate

Light output

Figure 1.4: A tigal multilayer OLED structure

1.3.2 Basic principle of OLED

Electrically injected carriers in an OLED recombiwegenerate light. The device
physics is best illustrated by examining the sirsptype of OLED with only a single
organic layer. When an electron and hole captuee another within the organic layer,
they form a neutral “exciton”, which is a bound #ed state that can decay by emitting a
photon[31]. Schematic of the basic operation of OLED is showirigure 1.5 and the

9



step by step mechanism of generation of light typacal OLED structure is shown in
Figure 1.6.

Anode b Cathode

Figure 1.5: Basics of OLED. (1) Charge injection (RCharge transport
(3) Exciton formation (4) Light emission.
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Metal cathode Metal cathode

Transparent Anode Transparent Anode
(b} positive and negative charge carriers

{a) A typical device consists of 3 layer approaches each other an applied of voltage

Metal cathode Metal cathode

Transparent Anode

(c) positive and negative charge carriers
combine and generate a neutral excited state (d) Excited states decay and generate light

Figure 1.6: Step by step mechanism of generation bfht in a typical OLED structure
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1.3.3 Device Efficiency

The efficiency[32] of OLEDs can be characterized by its

> Quantum efficiency,
> Power efficiency (Im/W),
> Luminous efficiency (cd/A), sometimes called lumisoyield.

1.3.3.1 Quantum efficiency

The device quantum efficienay, has two parts: internal and external:
() Internal quantum efficiencyin: or IQE is the number of photons generated indiée t
device per number of injected hole — electron p#irkrge fraction of generated photons
stays trapped and absorbed inside the device.
(INExternal quantum efficiencyext Or EQE, is the number of photons released from the

device per number of injected hole — electron pairs

1.3.3.2 Power efficiency (Im/W)

Power efficiency, is the ratio of the lumen output to the input &leal watts (Im/W)

1.3.3.3 Luminous efficiency (Current efficiency) (d/A)

Luminous efficacyn, represents the ratio of the lumen output to thecalpwatts
(radiative power). The luminous efficiency and laous efficacy of a device account for
a spectral sensitivity of a human eye. Therefowsy tlevices with similar quantum
efficiencies can have different luminous performrgraepending on the spectrum of the
emitted light. In the process of converting eleakipower into optical power, losses are
incurred due to non-radiative processes (therntiakagion of excitons, internal reflection

and absorption of photons).
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1.4 Carrier injection and transport in Organic semiconductor

All of the molecular materials used for Organic ides behave electrically as an
insulator under the conditions of a low electrieldi (<1 V/cm). Typical vacuum-
sublimed organic films showed a resistivity of treler of 18° Q-cm, which indicate that
purified organic materials posses no net chargeiecarintrinsically without chemical
doping of donor and acceptor molecules. Howevery kigh current density up to 1A/ém
in OLED can be obtained in operation. This factatradictory to the knowledge of
organic semiconductors and new mechanisms weredinted for the explanation of the
high current densities: carrier injection at eled&/organic interface, space charge limit
current (SCLC) and trap charge limit current (TCLThe large current density is provided
by a carrier injection at an electrode/organicriaie and SCLC. The electronic structure
of organic thin films is based on the HOMO (highestupied molecular orbital) and the
LUMO (lowest unoccupied molecular orbital) of inglual molecules. Each molecule
interacts with a weak Van der Waals’s force ananfmarrow conduction and valence
bands. The intrinsic carrier densities of orgareengonductors based on unavoidable
impurities and irregular structures of thin filmeavery low, typically 18-10'%cn?. Also,

a typical mobility of organic semiconductors isrfgismall, 10°*-107 cnf/V-s, compared
with that of inorganic materials, 1-1@nf/V-s. Carriers are injected into organics via

Schottky thermal injection and Fowler- Nordheimrialing injection.

1.4.1 Schottky thermal injection and Fowler-Nordhem tunneling injection

At the typical organic/electrode interface like Bliylg , the energy barrier is about to
be 1.0 eV, which is too high to generate any highrent density. One of the possible
injection mechanisms (Schottky thermal injectiom}hrough the localized levels induced
by structural defects and unexpected impuritiesekVl contact between the electrode and
the organic layer is established, the image forotemgial is formed due to Coulomb
attraction between the electrons injected and tileshleft behind in the metal after the
electron injection. The image potential lowers émergy of the interface state and makes
them energetically available for the electrons hogprom the metal Fermi surface.
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However, the image force potential decreases witheasing distance from the interface
and thus the bulk states deep in the organic lagemnain energetically unavailable for
charge hopping. Application of an external fieldvérs the energy of the available states in
the bulk of the organic layers. As a result, hoggimto bulk states away from the interface
becomes more probable. Another possibility of dbsuay carrier injection is by Fowler-
Nordheim tunneling injection. Electrons on the mé&&rmi state can penetrate through the
thin triangular energy barrier and hop into thergagcally available state in the bulk.
These two mechanism are illustrated below Figui&a).and (b). In both, the current

injected is roughly exponential with T and appliedd.

r
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Figure 1.7: Two possible carrier injection mechanisis at the organic/metal electrode
interface (a) Schottky-type carrier injection via impurity or structural disordered

levels, (b) Fowler-Nordheim tunneling.
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The Schottky emission procg&3] is described by

7 4&13;':1}1' 72

ge aV 11
exp(———)exp(———1 .
P p( E:T) I(HF )

Where m is the effective mass of the electron (hé&lés Boltzmann’s constant, h is
Planck’s constant, T is the temperature, q is tementary chargep is the barrier height,

and V is the applied voltage.

For the Fowler-Nordheim tunneling injection, theremt flow can be described by:

3772 *N05 415
J = q V ”"E' exp(——l (2”” ) 96 ] -------------------- 1.2
S 771 ¢lmn 3hgl”

Where g is the mass of the free electron and m* is thectiffe mass.

1.4.2 Space charge limited current

When the applied electric field is less tharf Wcm, injected current density is less
than intrinsic charge density; the current flowgeverned by Ohm’s law. Mobility in
organic luminescent materials are low. Charge tigeanto low mobility organic materials
inevitably leads to charge accumulations in theapig film. This charge buildup partially
screens out the applied electric field, leadingtsaredistribution. With the application of
high external field (>10V/cm), the injected current density is higher tleminsic charge
density near the electrode/organic interface bexaislow carrier mobility. Thus, the
internal electric field is enhanced by the spacgds and the current density J is governed
by the SCLJ34] and can be described by

13
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Wheree is the relative dielectric constant, is the dielectric constant and L is the
sample thickness and is the field independent charge carrier mobilityie 1-V curves
predicted by this model are supralinear, typicglidratic in the absence of traps or with a
single shallow trap level. Unlike inorganic semidaators, the transport and the injection
properties in OLEDs are determined by inter sitpdwog of charge carriers between
localized states as well as hopping from delocdlstates in the metal to localized states in
the organic layer. The actual transition rate frome site to another depends on their
energy difference and on the distance between tAdm.energy states involved in the
hopping transport of holes and electrons form naands around the HOMO and LUMO
levels. The widths of these bands are determinetthdyntermolecular interactions and by
the level of disorder. The space charge limiteddoation (SCLC) type mechanisms are
invariably found to dominate the conduction in @evivhere strong injection is achieved
from both electrodes. When an external electrid fig applied, the holes are injected from
the anode into the hole transporting layer (HTLY dnift or hop across it. However, they
decelerate at the internal interface due to theetowole mobility in the electron
transporting layer (ETL). The same mechanism shaidd be true for electrons as they
cross the organic/organic interfaf@b], which leads to substantial charge accumulation at
the interface. If considering the carrier mobilisy field dependent, the mobility can be
described by a Poole-Fren|38] like equation:

1t = 1y exp( S F) 1.4

Whereyy is the zero field mobilityp is an empirically determined coefficient and F is
the external electric field.

1.4.3 Trap charge limited current

In addition to charges being localized to individuaolecules, they can also
accumulate in traps, typically at organic layeeifdces or at defects within the film. The
local increase in the quasi-Fermi level due to mgjranjection my lead to charge
immobilization in the deep states of the disordeuced distribution of the Highest
Occupied Molecular Orbital (HOMO) and Lowest Unoged Molecular Orbital (LUMO)
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levels. In that case, the resulting trapped chéimgiged current (TCLC) model predicts a
generally high exponent power I88]. In the presence of traps, as the forward bias is
increased, the electron quasi-Fermi level En r®satds the LUMO with increasing
injected electron density. If traps are distributecenergy, they will be gradually filled
with increasing field and the current will incredaster than quadratic in SCLC until all
traps are filled. This model is called trap chaligeted current (TCLC), in which a high
power law dependence of current on voltage is ekserThe trap energy can be described
as exponentially distributed on the band gap byetingation

1“"?-‘ E - ET TTLA
—exp( LMD 1.5

% KT,

N,(E)=

Where N is the total trap density , k is Boltzmann's cam$tand T is the
characteristic temperature of the exponential tegpribution (T = E/k, where Eis the
characteristic trap energy). Therefore, in the doondof high injection currents, the filling
of traps below the quasi-Fermi level results in therent governed by the density and

energy distribution of the traps. The current dgrtbien can be described as

¥ ] .
Jrcr— V =/d 2! 1.6

Where m=TT.

1.4.4 Temperature dependence of carrier injectionrad transport

The carrier injection and transport show the tempee dependence which can be
described by the equation (1.1)-(1.6). For theieesrinjections from electrodes, the strong
temperature dependence results from the thermaladion energy involved. For the
carriers transport, temperature dependence ofecamobility and trap energy distribution

lead to the temperature dependent behavior. Althong widely recognized theory
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regarding temperature dependence of the carridvavime in real working devices has been
proposed, some investigation show the temperateperdient I-V characteristics based on
the temperature dependence of trap energy distyiiguand the discrepancy between the

temperature dependent mobility of carriers in OLB®RI semiconductorSince the hole

mobility in small molecule organic materials usyaf much lower compared to electron
mobility, the accumulation of holes at the HTL/Eifiterface is very obvious. And the hole

density at the interface shows strong temperatw@pedence, which will result in

subsequent temperature dependence of charge bédabtad35].

1.5 The role of interfaces for charge injection

The electronic level alignment at the interfacets $he conditions for the injection of
charges in a device like e.g. OLED. Often, in orgafiodes there are electronic level
misalignments at the interfaces, which lead todbwetact-limited injection regime. There
are mainly two reasons for this situation. Firsttieém is the mismatch between work
function of the electrode and ionization poten{electron affinity) of the material in
organic film, as shown in Figure 1.8. Another is firesence of additional barriers between
organic layere.g. HTL and active layer.
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Figure 1.8: The schematic picture showing the eneyglevel alignment at the
interface of an electrode and organic layer. In thee cases vacuum level alignment is

assumed.
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In both cases presented in Figure 1.8, a commagnuwm level is assumed. The
position of Fermi level versus vacuum level is givgy the work functionbs of anode
(cathode). Work function can be easily obtaineghbgtoelectron spectroscopy as well as
the threshold ionization potential (IP) of a moliecun this way the hole-injection barrier
can be estimated. In the case of electron injedbamier information of un-occupied
states is needed, which can be provided by inveins¢éoemission spectroscopy. On this
example, one can deduce that in order to obtaisilplgsbarrier-less injection across the
interface, the magnitude of the work function ofedectrode should be (if possible) equal

IP of organic material (or electron affinity ( EA)the case electron injection).

In the case of many heterojunctions, which invahaganic electrode and organic
materials, the assumption of common vacuum leveftsn not valid. Due to formation
of chemical bonds, charge transfer or a “push-beff&ct”, the interfacial dipole is
formed, which manifests itself as a vacuum lev&eif(denoted as)[37-45]. As shown
in Figure 1.9, such offset influences the magnitofi¢he barrier. In some cases, even
when the work function of the substrabg equals ionization potential (IP) or electron
affinity (EA) of organic material, there is still@rrier at the interface as the result of the

vacuum level shift.
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Figure 1.9: Schematic picture showing the energy Vel alignment at the interface of
an electrode and organic layer. In these cases vaou level shift is present, which
increases injection barriers

Therefore, the benefit of a good match betweentrelde work functionbs and the

ionization potential (IP) of an hole transport layETL), may be reduced by a negative
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vacuum level shift that occurs at the correspondhtgyface. Such shift pushes molecular
(or polymeric) electronic levels away from the dust® Fermi level. This effect seems to
occur mostly for the interfaces with reactive oghhiwork function metal surfacese.,

metals with large surface dipole contribution te thork function. The existence of the
barrier at the interface has its impact on devibara&cteristics. In general the large
magnitude of the barrier implies smaller injectimurrent at the given voltage. This, in
turn requires higher voltage applied to the dewicerder to achieve the desired intensity
of light. These reasons are the main factors dat@rglarge interest within science and

industry to understand and possibly control endgggl alignment at the interfaces.

There are several different approaches to engaeerterface of desired properties.
First of all for anode side of the device, the #&lede used is almost always ITO, which
has relatively high work function but still lowehan IP of the most of the HTL46]
Therefore various HTLs materials have been studhearder to provide the best match
between energy levéss/]. On the other hand, by the modification of the acefof ITO,
the work function can be significantly increadd@®-54] The hole-injection barriers can
be reduced by increasing the work function of astabe only to certain point. As the
work function of the substrate exceeds the enefgyteger charge transfer state (ICTS),
the interfacial dipole is formed. The magnitudetioé dipole scales linearly witibs,
while at the same time the barriers for hole ingettremain constant. Any further
increase inbs has little (if any) effect on the charge injectibarrier, but results instead

in an interfacial dipole layer.
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CHAPTER-2

MOTIVATION AND SCOPE OF THESIS

2.0 Introduction

Organic semiconductors such as semiconducting mlynand organic molecules
are gaining a lot of attention of scientific commiy due to versatility of its application
in sensord5], organic light emitting diod¢S6], solar cell57] and thin film
transistorf58].OLED displays is of particular interest as it offenany advantages such
as low operating voltage, low power consumption dmgh contrast etc. Organic
molecules have been known to show electroluminesc@al ) since the early 19(ED].
The electroluminescence was reported for small macganolecules and conjugated
polymer polyphenylene vinylene (PPY)2,60] Small molecules like Alg[ 61] have
been the materials of choice for organic light &gt (OLED) because of their process
ability, relatively high efficiency, and a wide iga of color emission for full color
display. The OLED devices differ in one aspect frcommon inorganic semiconductors
LED, due to low carrier concentration in the trams$player, the current voltage
characteristics of these devices are injectiontéidb2,63]. The balance of electron and
hole in the emissive region is very important fabricating highly efficient OLED.
Several investigations have been carried to fateriefficient OLED devicef54-67].

2.1 Maotivation

The discovery of a novel green electroluminesceteace using organic material
as the emitting elements had taken place in [B87 The device has a double layer
structure of organic thin film and efficient injemt of holes & electron is provided from
indium- tin-oxide (ITO) and an alloyed Mg:Ag catted
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Since after the initial discovery of EL from Polixgnylene-vinylene(PPV) by
Burrough et al. in 19969] considerable progress has been made in the fietdgaiic
light emitting diodes. Despite thenormous versatility for optoelectronic applicagpn
some of the fundamental physigsderlying the construction or optimization of preal
devices based on these organic materaisains controversial or poorly understood.
Conjugated Polymers and small molecules have kegradges over their conventional
solid-state inorganic counterpaitsterms of tunability of the emissive color byusttural
modifications. Band gap antblor tuning of these materials by chemical modifizn
and copolymerization offer extensivesearch work for high efficient Red-Green-Blue
(RGB) LEDs, which constitute thactive elements in a new generation of nanoscale
plastic optoelectronic devidg®,71]. In addition, structure, defect states and disorder
impact the charge transport properties that evéptgavern the performance of these
devices.

Charge injection, charge transport, and recomlmnatare the three crucial
contributions that optimize the device efficiendyaopolymer LED)72]. An unbalanced
injection results in an excess of one carrier ty@ does not contribute to light emission,
which can rise to confinement of EL emission toegion close to one of the injecting
electrodes, where enhancement of nonradiative deatey is expected and thereby
decrease the quantum efficiency substan{fiédy The development of organic multi-
layer structure considerably improved the efficiernd light-emission by achieving a
better balance of the number of charge carrierppiosite sign and further lowered the
operating voltage by reducing the mismatching ofrgy levels between the organic
materials and the electrodes. The consequencésaféhelopment was the demonstration
of organic light emitting devices(OLEDs) by Tangaétwith true potential for lighting
and display applicatiofis2,13].

The charge injection and transport at the organatahinterface of the OLEDs
have been extensively studied and repoffdd76]. The classic mechanism of the charge
carrier injection depends on the potential baraiethe interface and on the temperature
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dependent energy of electrons and holes incidenthanh barrief77]. Therefore, for
improving efficiency of OLED devices modification the interfaces, understanding of
charge injection and charge transport need to \@stigated.

2.25cope of thesis

The charge injection, charge transport and varagher modifications are necessary
and important for improving the efficiency of OLEIRvices. Therefore,the studies of
the present thesis are aimed at

1. Anode modification

2 Multi layer structure to increase the efficiermdfyOLED.

3. Synthesis of novel organic emissive materialGaED.

4 Study of temperature dependent transport pregeof a small organic material

for better transport of charge carrier.

o

Study of thickness dependent electrical trangpaperties.
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CHAPTER -3

EXPERIMENTAL DETAILS

In this Chapter, the main organic materials usethis study will be introduced,
which includes their molecular structures and rafe\physical properties. Then, device
preparation and characterizations will be presented

3.0 Materials and their properties

Zn(HPB)mq and CuPc have been used in the presarkt Whe method of synthesis
and processing of these material have been distussebsequent section.

3.0.1 {(2-(2-hydroxyphenyl)benzoxazole)2-methyl -Bydoxyquinoline}zinc
[Zn(HPB)mq]
{(2-(2-hydroxyphenyl)benzoxazole)2-methyl -8-hydgxynoline} zinc

[Zn(HPB)mq] was synthesized in a 100 ml round-bottomed flasi-Bydroxyphenyl)
benzoxazole (HPB) (0.844gm) (Sigma Aldrich) wassdiged in 40 ml of anhydrous
ethanol at 78C under a nitrogen atmosphere .The solution wagstfor 2h, after which
2-methyl -8-hydoxyquinoline(mq)(0.636gm) dissohadiOml of anhydrous ethanol was
added drop wise while stirring continued for 2 teafvhich zinc acetate dihydrate (0.876
gm) in water (6 ml) was added drop wise to thetieagnixture while stirring continued.
After 2 hrs of stirring a precipitate of the compleas separated, which was filtered and
recrystallized from amixture of acetone and ethanol and dried in a watoven . The
synthesized material was further purified by vacusublimation. In this study this

material used as emissive material as well asrelettansport material.
3.0.2 Copper Phthalocyanine (CuPc)

The phthalocyanines are a class of organic semiciocs which are chemically

and thermally stable, and, thus, suitable for tlegaration of thin film . They commonly
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exist in at least two different crystalline phaséea- andp- forms . It was reported that
thep - form is a monoclinic crystal. Metal phthalocyaes (MePc) are macrocyclic metal
complexes with 18-electrons in the macro cycliggrand mostly used as dyes. MePc
molecules consist of a fourfold-conjugating macro cyclic ring in which four iso-
indoline groups are bound by aza-nitrogens. A hagber of metal-phthalocyanines
can be formed with same molecular structure(as shimwmfigure 3.0),which provides
versatile and flexible chemical systems(centraldod substituent).
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Figure: 3.0 Molecular structure of (a)CuPc (b)Zn(H°B)mq (c).a-NPD



3.0.3 Hole conduction materials for hole transporand electron blocking

A typical hole conduction material usually has dehmobility several orders of
magnitude higher than its electron mobility so thatelectron transport ability can be
neglected. Hole conduction materials were usedhis $tudy as matrix of the hole
transport layer, as electron blocker. In this worK, N'-di(naphthalen-2-yl)-N, N'-
diphenyl-benzidineo-NPD) has been used as hole transport layer amtr@teblocker
for OLED. . Other hole transporter material are',2,2'-tetrakis-(N,N-diphenylamino)-
9,9°-spirobifluorene  (Spiro-TAD),  N,N,N',N'-tetrai-methoxyphenyl)-benzidine
(MeO-TPD),CuPc etc. The present study also inclu@e®c as hole transport layer.

3.0.4 Electron conduction materials for electron tansport and hole blocking

In contrast to hole conduction materials, an etectiransport material has much
smaller hole mobility compared to its electron nlibpi They were used in this study as
matrix of the electron transport layer and as thie blocking layer. In this study Lithium
Fluoride (LiF) is used as electron transporter hol# blocking material. Other electron
transporter materials are 4,7-diphenyl-1,10-phdwatine (Bphen) Bis(2-methyl-8-
quinolinolato)-(para-phenylphenolato)-aluminium)I{BAlq) .

3.1 Optical Characterization Techniques

The optical characterization technigue used ingrestudy includes UV-absorption
and Photoluminescence spectroscopy. The detdilseesé techniques are given in subsequent

section.

3.1.1 UV-Visible Absorption Spectroscopy

The process of absorption is caused by the onseipti€al transitions across the
fundamental band gap of the material. When elestare excited between the bands of a
solid by making optical transitions that are diethby selection rules it is called interband
absorptiofi78].
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Figure 3.1: Interband optical absorption between aninitial state of energy E in an
occupied lower band and a final state at an energf: in an empty upper band. The
energy difference between the two bands is the bamhp [79].

An absorption spectrophotometer is an instrumesait theasures the amount of optical
absorption in a material, as a function of wavelenghere are four main components of a
spectrophotometer: (1) a light source which is Ulgumtungsten filament or gas-discharge
lamp. Different light sources are used in differengigions of the spectrum. (2) a
monochromator ; the input to the monochromatorhs broadband light from the light
source; the output is tunable and highly monochtam@ht. (3) a sample chamber which
holds the sample under investigation, and (4) aalet which measures the amount of light
that passes through the sample. Typically, detec@ either solidstate photodiodes (silicon,
germanium, etc.) or photomultiplier tubes. The bastup for measuring the absorption or
transmission of light through a sample is showRigure 3.2.
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Figure 3.2: Light of intensity |, incident upon a sample of thickness t undergoeslass in

intensity upon passing through the sample. The intesity measured after passing

through the sample is .

When light of some wavelength with intensity | passes through the sample the
intensity of the light is reduced to a value |, dweabsorption within the sample and
reflection at the surfaces of the sample. Measukingnd | can be used to determine the
transmission of the sample at wavelenthn addition to transmission, another useful way
to report the optical absorption is in optical absmce or optical density.

Absorbance 4) is a dimensionless quantity defined as the negatf the base-ten
logarithm of the transmissioM A = - logioT . Another quantity of interest is the absorption
coefficient ¢ ). The absorption coefficient is given by BeeraAwhich relates | to 1o by
| = 1, € where t ” is the thickness in cm and consequently, absonptbefficiento is in
cm®. As the absorbance is the negative base-ten tbhgarf the transmission them =
2.303V/ t . Absorption spectrometers measure the intensityheftransmitted light as a
function of wavelength and compare it to the initgn®f the reference at the same
wavelengtH78,79].
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Figure 3.3: Schematic of double beam UV-Visible sptrometer to measure absorption

spectra in the wave length range of 200 nm -900 nm.

For the experimental absorption spectra measuresn@npolymer, thin films were
prepared by spin coating from toluene solution @ratsapphire substrate. The ultraviolet
visible spectra (UV-Visible) absorption spectra &veneasured on a Shimadzu UV 2401 PC

UV visible recording spectrometer. The schematghiswn in Figure 3.3.

3.1.2 Photoluminescence Spectroscopy

When light of sufficient energy is incident on ateral, photons are absorbed and
electronic excitations are created. Photo-excmat@auses electrons within the material to
move into permissible excited states. When thesetreins return to their equilibrium
states, the excess energy is released by emissitighb (a radiative process) or via a
nonradiative process. If radiative relaxation osguthe emitted light is called
photoluminescence (PL). The energy of the emitigit lis related to the difference in
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energy levels between the two electron states wedbin the transition between the

emitted states and excited states.

Singlet excited state

Excited state

Fi !Qj
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Absorption
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Figure 3.4 : (Left) Luminescence process and (Right) schematic diagramwf the
vibrational electronic transitions in a molecule béween the ground state and an
excited state (1) absoption (2) non-radiative relation (3) emission (4) non-radiative

relaxation[79].

Photoluminescence(PL) is simple, versatile, and deetructive. The
instrumentation that is required for ordinary PLriwes modest: an optical source (laser),
mirror, collection lenses, optical power meter pectrophotometer, and a photo detector.

A typical PL set-up is shown in Figure 3.5.
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Figure 3.5: Typical schematic diagram and experimeal setup for

Photoluminescence measurements.

The UV line of an AF (argon ion) was used in our experiment. Therelmee lines
of wavelength in UV laser 351.4 nm, 351.1 nm, a68.8 nm respectively. An external
prism was used to separate lines. Neutral den$titysf were used to reduce the intensity
of the laser line to avoid heating the sample. &mission spectra were collected using a
miniature flexible fiber optic spectrometer USB R0fetector. For some measurements
the 325 nm line of HeCd laser was also used ag:xtbeation source. The schematic of

our Photoluminescence system is shown in Figure 3.6
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Figure 3.6: Schematic of the experimental arrangenm used for the observation of

photoluminescence spectra of PF and PF-based LED.

3.2 Thermo Gravimetric Analysis
Thermo Gravimetric Analysis (TGA) is a thermal aisad techniqui80] used to

measure changes in the weight (mass) of a sampdefasction of temperature and/or
time. TGA is commonly used to determine polymerrddgtion temperatures, residual
solvent levels, absorbed moisture content, ancgtheunt of inorganic (noncombustible)
filler in polymer or composite material composigoA simplified explanation of a TGA
sample evaluation may be described as follows. Ap$a is placed into a tarred TGA
sample pan which is attached to a sensitive mi¢aoba assembly. The sample holder
portion of the TGA balance assembly is subsequepidged into a high temperature
furnace. The balance assembly measures the isdaple weight at room temperature
and then continuously monitors changes in samplghwdlosses or gains) as heat is
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applied to the sample. TGA tests may be run in aihg mode at some controlled

heating rate, or isothermally. Typical weight Igssfiles are analyzed for the amount or
percent of weight loss at any given temperature atmount or percent of noncombusted
residue at some final temperature, and the tempesaif various sample degradation

processes.

3.3 Device Processing
3.3.1 Substrate Cleaning and Preparation

All substrates were cleaned and prepared prioséo The preparation method depends
on the substrate in question. Substrate cleaninghias the use of chemicals that pose
significant health risks, therefore all procedusese performed in a fume hood or glove box
while wearing appropriate personal protective eon@pt as outline on the material safety
data sheets.

The plates of ITO coated glass 25 mm X 25 mm Xrik were patterned by placing
strips of scotch tape at approximately 3 mm intistvdhe substrate is coated with zinc
powder and placed in a 37% HCI and distilled wddath. Through manual abrasion and
chemical reaction the ITO in the exposed regions veanoved. The etched sample was
rinsed thoroughly with water and the tape remowea/ihg a patterned surface. Following
patterning, the substrates were put into a cleont@older and sonicated in an acetone bath
for 15 min. This was followed by 15 min of sonicatiin an isopropanol bath. The substrates
were then rinsed with fresh isopropanol and blownvdth oil free nitrogen gas. Finally they
were placed in an Ultra Violet Ozone Cleaning Systdor 10 min before being transferred
to the glove box/thermal evaporation system forarsstored in a covered Petri dish for use
clean substrates were essential for obtaining bielimnd repeatable experimental data.
Organic surface contaminants may react chemicalth whe polymer film or electrode
material while metallic/insulating particles mayntdabute to unusual film morphology and

device performance.
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3.3.2 Device Fabrication Technique

Fabrications of a OLED includes the deposition dhia film (polymer or small
molecules) over a glass substrate which is alreadyed with Indium tin Oxide (ITO)
which is the anode and a low work function metdhes cathode. Typically organic layer
thickness is nearly 100 nm. A deposited thin figxailayer on a surface having properties
that differ from those of the bulk material (subst) that has been formed by the addition
of solid materials to the surface. Generally, thbssrate material cannot be detected in
the film, which can be an organic or inorganic mateThis surface layer differs from
surface conversion where the surface is chemiaaiyerted to another material, e.g.,
anodization of aluminum. The term thin film is gealy applied to layers that have
thicknesses on the order of several micrometetess: These films may be as thin as a
few atomic layers. In many cases, adding atomsalecules to a substrate surface one at
a time forms thin films. Thicker layers are genlgrablled coatings. Although the same
processes that are used to form thin films camdtiem coatings, there are some coating
processes that are not applicable to forming tiimsf For example, thermal spray
coating processes, which melt small particles, lacaee them to high velocities, and
splat-cool them on the surfaces, are not applicablerming thin films. The properties
of thin films generally differ from the values ftre materials in the bulk form. In many
cases, the growth and properties of thin films affected by the properties of the
underlying substrate material. The properties efftlm can also be affected by the high
surface to volume ratio of the film. Many technicare used for device fabrication, one
of them we used for device fabrication was vacuwaperation technique. Before
preparing a device its patterning is very importahd obtain desired patterns from
OLEDSs the layer of ITO on glass surface is shapeal certain manner. It is achieved by
Photolithography.

3.3.2.1 Vacuum Evaporation Techniques

Vacuum deposition, some time called vacuum evaordechnique, is a major

physical deposition technique that is extensivedgdufor the deposition of thin films on
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the surface of a substrate. The vacuum thermal cgatipn (Figure-3.7) deposition
technique consists in heating until evaporationthef material to be deposited. The
material vapor finally condenses in form of thiimfion the cold substrate surface and on
the vacuum chamber walls. Usually low pressuresuaeel (about IDor 10° Torr), to
avoid reaction between the vapor and atmospherthese low pressures, the mean free
path of vapor atoms is the same order as the vaahamber dimensions, so these
particles travel in straight lines from the evapiora source towards the substrate. This
originates 'shadowing’ phenomena with 3D objectpeeially in those regions not
directly accessible from the evaporation sourceudibte). Besides, in thermal
evaporation techniques the average energy of vafoons reaching the substrate surface
is generally low (i.e. kT, order of tenths of eWhis affects seriously the morphology of
the films, often resulting in a porous and littigharent material. In thermal evaporation
techniques, different methods can be applied ta hHea material. The equipments
available in the laboratory use either resistareatihg (Joule effect) or bombardment
with a high-energy electron beam, usually several/Kfrom an electron beam gun
(electron beam heating). The principal processiagables in vacuum deposition are
deposition geometry, deposition rate, and substemperature during deposition and the
level of gaseous and vapor (e.g., water vapor) atoimation in the deposition

environment.
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Figure 3.7: Thermal Vapour Evaporation Technique

Deposition rates and amounts can be monitored tun &nd in real-time by
oscillation frequency to change. Calibration allotve change in frequency to be related
to deposited film mass and by assuming a film dgnshe film thickness. In many
applications the amount of material deposited istrodled by the evaporation-to-
completion of a specific amount of material andhgsspecific deposition geometry. In
many cases a property of thin film, such as opticahsmittance, is monitored during
deposition and is controlled the amount of matetédosit.

3.3.3 Device Fabrication
3.3.3.1 Organic Light Emitting Diode

The OLED device was fabricated in a configuratid@®©l (120nm)4-NPD (40

nm)/Zn(HPB)mq (35 nm/LiF(1 nm)/AI(300 nm)as showrschematic diagram of OLED

Device Figure 3.8 . Indium-tin oxide (ITO) coateldss substrates with sheet resistance
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of 20 Q/[1 were patterned using photolitheography and clears&ay trichloroethylene,
acetone, isopropyl alcohol and deionised water esaiplly for 20 minutes using an
ultrasonic bath and dried in flowing nitrogen. Prio film deposition, the ITO substrates
were treated with oxygen plasma for 5 minute. Gndhibstrate, the hole transport layer
and the emitting layers were deposited sequentiaitier a high vacuum (1 x @orr) at

a deposition rate of 0.2 - 0.5 A/sec and LiF at@2 A/sec. Thickness of the deposited
layers were controlled by a quartz crystal moniidre cathode was deposited on the top
of the structure through a shadow mask. A 40 nm dipthenyl-N’'N’-bis(1- naphthyl)-
1,1'-biphenyl-4,4’-diamine{-NPD) (Sigma Aldrich) was used as hole transpoyeira
Zinc complex Zn(HPB)mq was used as the emittingra The electron injection was
faciltated using a 1nm thin LiF (Merck, Germanyyyér followed by a thick
layer of Aluminium. The device area was 5 x 5 niihe Luminance—Current-\Voltage
(I-V-L) characteristics were measured using a lance meter (LMT 1009) and a
Keithley 2400 programmable voltage-current digsi@alirce meter.

Al 300 nm

—_— LiIF Inm

Zn(HPB)mq35 nm

NPD 40 nm

ITO120 nm

Glass

Figure3.8: Device Structure Fabricated For OLED
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3.3.3.2 Transport measurement

The nature of the electrical transport mechanisncéorier transport in CuPc and
Zn(HPB)mqg has been studied by current-voltage mieasent of samples at different
temperatures. In this thesis work, hole transpettavior of CuPc single layer devices
(ITO/CuPc/Al as shown in Figure 3.9) have been isthdt different thickness and at
different temperature and the electron transpohaber of Zn(HPB)mq single layer
device (ITO/Zn(HPB)mg/Al as shown in Figure 3.1(hgs been studied at different
temperature for thickness 200 nm.

(C'uFPc¢
100nm,

| |O _— E! |

300nm

Figure 3.9: Hole only device for transport studies
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ITO | Zn{HPB)mMq Al
200nm

Figure 3.10: Electron only device for transport stulies.
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CHAPTER- 4

RESULT AND DISCUSSION

4.1 Thermal Characterization

Thermal characterization of the material has bemmedusing thermo gravimetric
analysis (TGA) technique and measure the changeight of material as a function of
temperature . In this technique a few milligramsabstance in weight is heated at a
constant rate of temperature under nitrogen atn@spdnd note the change in weight at
different temperature. Basically it gives the thatrstability of material. In the present
work ,the thermo gravimetric analysis of CuPc ariree complex namely Zn(HPB)mq
before fabricating the device.

4.1.1 Thermo gravimetric analysis of Zn(HPB)mq

Thermo Gravimetric Analysis (TGA) of synthesized HRB)mq was carried out in
temperature range 0-8 as shown iffigure 4.1. The TGA plot shows a some weight
loss around temperature 1%D which due to some volatile impurities or moistpresent
in material but no weight loss in Zn(HPB)mq. At fgegmature around 35 the material
degrade completely. Hence the material is stakiie 8%0C.
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Figure 4.1: Thermo Gravimetric Analysis curve for Zn(HPB)mq

The high thermal stability of Zn(HPB)mq is an adeayes in the fabrication of

organic light emitting device.
4.1.2 Thermo gravimetric analysis of Copper Phthaloyanine

Thermo Gravimetric Analysis (TGA) of CuPc was cadrout in temperature range
0-800C as shown in Figure 4.2. The TGA plot shows a mlete weight loss at
temperature around 450 . Hence the material is stable upto 450
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Figure 4.2: Thermo Gravimetric Analysis curve for Copper pthalocynine (CuPc)

4.2 Optical Characterization

UV-visible absorption spectra of the Zn(HPB)mq &wuPc were recorded on a
Shimadzu UV-2401 spectrophotometer. The excitadimhemission spectra of a solution

of Zn(HPB)mq were recorded with a Fluorolog Spdtiayometer (Horiba Jobin YVON
Fluolog Model FL 3-11) at room temperature.

4.2.1 Optical Characterization of Zn(HPB)mq

The UV-Vis absorption and photoluminescence spettiMere measured in a
solution of toulene Figure 4.3 and 4.4 showsUWkeand PL spectra of Zn(HPB)mq
respectively. The maxima of the UV-Vis absorpti@aks of Zn(HPB)mqg was observed

at 380 nm, which is due to ther* transition of aromatic ring. The peak of the PL
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spectrum of Zn(HPB)mMg was observed at 525 nm. Tdgate the material emits the
yellowish green colour.

UV-Vis spectra of Zn(HPB)mq

Absorbance(a.u)

0.0 4

: , . , .
300 400 500 600
Wavelength(nm)

Figure 4.3: UV-Visible spectrum of Zn(HPB)mg.
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Figure 4.4: Photoluminescence spectrum of Zn(HPB)q

4.2.2 Optical Characterization of Copper Pthalocyme ( CuPc)

The UV-Vis absorption and photoluminescence spettiMere measured in a
solution of ethanol Figure 4.5 & 4.6 shows the W\d &L spectra of CuPc respectively.

The maxima of the UV-Vis absorption peaks of Cukas observed at 270 nm. The peak
of the PL spectrum of CuPc was observed at 410 nm.
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Figure 4.6: Photoluminescence spectra of Copper pafocynine (CuPc)
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4.3 Device Characterization:

The electroluminescent (EL) spectrum was recorded a high-resolution
spectrometer (Ocean Optics, HR-2000CG UV-NIR). Tminance—current—voltage (I-
V-L) characteristics were measured using a lumiaaneter (LMT 1009) and a Keithley

2400 programmable voltage-current digital sourcéeme
4.3.1 Device characterization of Zn(HPB)mq
The EL spectra were recorded at various appliedages(Figure 4.7)The EL

intensity of the device increases with increasealtage from 6V to 11 V, and the peak

position remain unchanged at 545 nm.

2400
2200 7 EL at different voltage
2000 - ;{ﬁgi —-—6v
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1800 - i g 8v
_ 1600 ] i ! ——9v
2 1400 i 10v
; _ i — 11V
£ 1200 j
S 1000 j
= ]
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200 -
0
400 800

Wavelength(nm)

Figure 4.7: Electroluminescence — Wavelength curvat different voltages for
Zn(HPB)mMq



The current voltage (I-V) characteristic of the riabted device was recorded by
applying voltage across the device with ITO as aada and Aluminium as cathode
(forward bias) as shown in Figure 4.8. From Fig ar8 the |-V characteristic it has
been observed that the onset of light emissiomssét about 4.5 V (threshold voltage).
Above this voltage, the current increases non-figedue to the space charge effects.
Above the threshold voltage the device emits aoya#ih green light. Below this voltage
the I-V characteristics shows Ohmic current indi@atthe presence of thermally
generated carrier. Figure 4.8 shows the currerniggetluminescence curve for the
device.

0.0025
—m— Current - 1400
1 —®— Luminescence " |
0.0020 | - {1200
+ 1006
__0.0015 E
< 4800F%
5 1 g
S 0.0010 - {1600 3
(&) I
£
4400 §
0.0005 - ] -
_ / - 200
0000043 g  @—a—_ 1y
0 1 2 3 4 5 6 7 8 9
Voltage(V)

Figure 4.8: Current- Voltage- Luminescence curve foOLED device.
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Figure 4.9: Current Efficiency- Voltage- Power Effciency Curve of OLED

Device

The maximum luminance in the EL cell was 1360 Cddm8 volts. The device
shows maximum current efficiency 15 Cd/A and maximpower efficiency 7.1 Im/W at
6V as shown in Figure 4.9

4.4 Low Temperature transport studies of Organic mgerial

In the following we will analyze our experimentadsults which were mainly
obtained on single carrier device using analytioagigns or simple numeric integration
of the transport equations. A central questiondgbgrwill be whether the current in a
device is injection limited or space charge limitea if the latter case applies, whether
TCLC with an exponential trap distribution or aldiend temperature dependent charge
carrier nobilities play dominant role. It is showrat apart from the dependence of the
current on voltage and temperature, the dependamtke thickness of the organic layer

provides a unique criterion to distinguish betwdsnunderlying mechanisms. For clarity
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we therefore briefly list the functional dependerufethe current on the thickness at
constant electric field for these three situations:

1) For purely injection limited behavior the currest constant field has no explicit
thickness dependence(equation 4.1 &4. 2)
J =j(F)

Dy — frsVF )

f\'HT 4.1

jrs = A"T* exp ( —
With the field F, Richardson constant A 4zm kg% h*(=120 A/(cnfK?) for m=m)
Brs = sqrt(q/4nee,) and zero field injection barriebg(g=elementary chargegnfree
electron mass, gk:Boltzmann constant, h:Plancks constant: relatieemitivity,eo are
vacuum permittivity). The FN mechanism, on the othand ignores Columbic effects

and considers mere tunneling barrier into continsteres.

A" F? 20y
Jen = exp ( - ) : 4.2

3gF

A/ 2
h '
2) For trap-free space-charge limited conductiatn(er without) a field — dependent

With ¢ =

mobility the current at constant field ssalvith d ,Where d is the thickness of
device .

3) For trap-charge limited conduction with an exguatial trap distribution and a field
independent mobility the current at constant fiddles with dwith | > 1.
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4.4.1 Electron Only device

Electron only device with configuration ITO/Zn(HRBY(200nm)/Al has been fabricated
and temperature dependent Current density-Volthgeacteristics are shown in Figure
4.10.The electron are injected from Al electrodkesi
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Figure 4.10: Current Density-Voltage (logJ-logV pld) characteristics of 200nm
thick Zn(HPB)mq electron only device

As the voltage is increased from 4V onwards fbund proportional to the square
of applied voltage, indicating the effect of spabarge in the electrical transport process.
The slope of 2 remained the same upto 15 Voliggesting field independent electron

mobility in these sampl@&l]. Hence at higher voltage space charge limited ccti@u
takes place.



The current density—voltage expression in a spd@ege regime with charge
trapping at discrete levels is given by the Motta&y equation

9 w2
J = —eepfipi—,
CRa

Whered = no/(np + ny) or & = po/(po + pt), whereny andpo are the free electron and
hole densities and; andp; are the trapped carrier densitidsthe thickness of the film,
o, the permittivity of free space, the dielectric constant and the charge carrier
mobility. At constant temperature wheferemains constant and if remains field
independent, the current density should scale sskhgmwith the cube of thickness.

4.4.2 Hole only Device

Temperature dependent electrical properties of la baly device with organic
semiconductor Copper phthalocyanine (CuPc) has Ilstedied extensively with the
device configuration ITO/CuPc/Al. The work functioh ITO and Al are 4.75 eV & 4.2
eV respectively. CuPc is a hole transport matevigh ionization potential and electron
affinity of 4.8 eV and 3.1 eV respectivi®2]. The barrier height for hole is 0.05 ev as
compared to electron 1.74eV. Figure 4.11 shows ¢haent are strongly dependent on
thickness .Hence the possibility of pure injectlonited conduction is ignored. Figure
4.11 shows the current density at different thidene
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Figure 4.11: Current Density- Voltage curve for diferent thickness.
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Figure 4.12: Current density -Voltage Characteristcs( Log J —LogV plot) at
different temperature for thickness 300 nm

For exponential distribution of traps the-V characteristics can be described by
trap charge limited model where the lbg logV curves can be divided into three distinct
regions. (1), (1), (1lI) as shown in Figure 4.12.

In region (1) the applied external electric field small and the interface barrier
blocks the charge injection; hence the number @irgdn carriers participating in the
current does not increase. Current depends exelyson applied field, and on the
conductivity of the material. Conduction is due tte intrinsic thermally generated

charge carriers, as well as due to some chargesiassl with the dopants, and obeys
Ohm’s law.
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The region (1) is known as the trap filling regigvhen the applied voltage passes
the threshold of blocking the number of charges,tttal current increases with increase
in voltage. It understand this as the filling afgs within the bulk where the bulk material
accommodates this increase in charge carriers.dRiaprease in current with small
increases in voltage is due to this increase imgehaarrier density in the bulk. This
region is characterized hy= KV ™ , m is the slope. This is usually described by the
power law which assumes the filling of traps dmmited exponentially or uniformly
within the band gap, the maximum density beinghat hland edge. The slope therefore
can be used as a criterion for comparison of tfetcdting of the exponential distribution.
Low slope implies gradual (extended) distributievhile higher slopes indicate sharp
distribution.

Finally region (lIl) corresponds to trap free spabarge limited current. Since the
obtained slope in the double log plot is equal @nd is described by Child’s law. Note
that this law does not necessarily imply the abseofctraps in the material, but rather

that they are all filled.

At the bias voltage ¥all the traps are filled andesEEoincides with the valence band
edge energy . V¢ indicates the minimum voltage which is necessarggply in order
to fill up all existing traps at that temperatueactically we expect the slope of the J(V)
curve to transform to 2 asc\is approached, in conformity with trap free SCILGhe V¢
is same for all temperature as shown in Figure ,4li8 indicates that the traps are so
deep that at temperature considered, the energieside smaller than those required to

fill up any significant number of traps.

Traps which are favorable energy states insideb#imel gap of the material can be
shallow or deep or distributed in energy. Shallowdeep trap is defined depending on
the position of the Fermi level with respect to thep energy level. For hole traps if the
Fermi energy level lies above the trap energy lével called shallow trap, on the other

hand if the Fermi energy level lies below the tial, it is called deep trap with respect
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to valance band (Figure 4.13 ). The reverse isfouelectron with respect to conduction
band edgi83].
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Figure 4.13: Schematic of typical hole traps.
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Figure 4.14: Slope Vs T plot for ITO/CuPc/Al
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for different voltage.
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The trap energy(f calculated using slope of curve (Figure 4.140.480 eV with
the trap density 7.49 X $&m* and the Fermi energy calculated (Figure 4.15pwaet
voltage i.e. upto 2 volt is 0.14 which shows tle traps are shallow traps. The mobility
at room temperature is 0.92 x@nT/V-s. At higher voltages the traps are deep with

respect to valence band and the methods for célogléhese parameters are given in
Chiguvare et.al [77].
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Figure 4.16: Current density-Voltage(logJ-LogV) chaacteristics at different

temperature for thickness 250 nm.
For exponential distribution of traps the-V characteristics can be described by

trap charge limited model where the Current Densitpltagecurves can be divided into
three distinct regions. (1), (1), (1Il) as showm Figure 4.16 .
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In region (1) the applied external electric fielsl small and the interface barrier
blocks charge injection; hence the number of chaegeers participating in the current
does not increase. Conduction is due to the intrithermally generated charge carriers,

as well as due to some charges associated witthofents, and obeys Ohm'’s law.

The region (Il) is known as the charge injectiomited and trap filling region.
When the applied voltage passes the thresholdaakivlg the number of charges, the
total current increases with increase in voltadgs Tegion is characterized By KV ™,

m is the slope. This is usually described by the/grolaw which assumes the filling of
traps distributed exponentially or uniformly withthe band gap, the maximum density
being at the band edge.

Finally region (lIl) corresponds to trap free spabarge limited current. Since the
obtained slope in the double log plot is equal Bin@ is described by Child’s law. At the
bias voltage ¥all the traps are filled andrEEoincides with the valence band edge energy
Ew . Vc indicates the minimum voltage which is necessarggply in order to fill up all
existing traps at that temperature. Practicallyexpect the slope of the J(V) curve to
transform to 2 as ¥is approached, in conformity with trap free SCLAS. shown in
figure the \& is same for all temperature and the crossovelageltis16.11 volts as
shown in Figure 4.16. The hole mobility is 0.52®101*/V-s at room temperature with
trap density 4.81 x fa&m?,

58



10000

—--— 273K
245K
—~v— 212K
196K
100 —<«— 170K
145K

1000

10

Current density(A/mz)

Region-I

T T T A |
1 10

Voltage(V)

Figure 4.17: Current density-Voltage characteristis at different temperature
for thickness 100 nm.

In above figure region-1 shows that the currerinsarly change with voltage and
hence obey ohm’s law . As we increase the voltagpon —IlI is reached, here the
conduction mechanism is bulk trap charge limitedduwtion and obey J=KVwhere m
(m>2) is slope of the curve .

Region-Ill shows the trap free space charge limg¢edduction and follow power
square law i.e. J =K ¥, m=2. \, shows crossover voltage at which current density
becomes independent of temperature. The hole mpksl0.09 X 1 cm®/V-s at room
temperature with trap density 1.78X*iem?,
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CHAPTER-5

SUMMARY AND FUTURE SCOPE

5.1 Summary

One of the most exciting opportunities in optoeaiecics currently is device based
on organic materials. These have many advantages)andy: lower-technology
processing with less sensitivity to processing emment, flexibility and the opportunity
to apply the enormous power of organic synthesidatloring the properties of the
materials to specific applications. Furthermoregamics can emit light directly as do
conventional cathode-ray-tube and plasma displayelparather than relying on back-
lighting systems such as are used in liquid-crysiiaplays. One can imagine these
technologies leading to poster size televisionsctvhgan be rolled up and stored in
mailing tubes, or unrolled and thumb-tacked to #. \Wide materials are already being
applied in compact light weight, power efficierght emitting device in small areas such
as cell-phone displays. The primary problem withoagjanic devices is stability. When
carriers are injected in these materials, sometam@slecule falls apart.

An organic electroluminescent material, zinc camwpl{2-(2-hydroxyphenyl)
benzoxazole ) 2-methyl -8-hydoxyquinoline}Zinc [H®B)mqg] was synthesized and
characterized using different spectroscopic tealesq The excitation and emission
spectra of the complex were studied. The light #mgitdiode with configuration IT@#
NPD/Zn(HPB)mg/LiF/Al have been fabricated and tleemplex was employed as an
emitting layer in fabricating OLEDs that had emissipeak at 545 nm with a bright
yellowish green color. electroluminescence and @hatinescence characteristics were
approximately matching. It has been found thatcthraplex is a good electroluminescent

material to be used for device applications.
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The temperature dependent transport properties haf zinc complex with
configuration ITO/Zn(HPB)mMg(200 nm)/Al has beendiéa. Both type of charge carrier
are injected in this material from both the eled&dut due to high injection barrier for
hole, it shows better electron transport. Hendsag been considered as a electron only
device and study the Low temperature |-V charasties which shows ohmic contact at
lower voltage and trap filling space charge limitehduction at higher voltages.

The low temperature |-V characteristics of holéyatevice using organic material
Copper Phthalocyanine (CuPc) with different thids\@ave been studied and observed
the effect of thickness on the current density. @iaeice configuration is ITO/CuPc/Al
Copper Phthalocyanine (CuPc) shows a better hatesport properties as compared to
electron. For all thickness ohmic conduction hasnbebserved at lower voltage and at
slightly higher voltages trap charge limited conalu@ TCLC) mechanism with slope >2
has been observed .At much higher voltage we obdemap free space charge limited
conduction(TFSCLC) having slope 2, further incee@svoltage , a point is reached at
which all the curve meet, this point is called smsger voltage or critical voltage {/and
At this point current becomes independent of teiuee.

5.2 Future scope

This research opens up some new avenues for foégearch in the design and
development of new optoelectronic devices basedsomall molecules and other
Conjugated Polymers. The studies presented ingliegher suggest that there are areas

of academic and technological interest. Some o&tkas are mentioned as follows

1) In the present work, Zinc complex (Zn(HPB)mq) bagn used as emissive layer
in fabricating the OLED device and shows good etdetninescence properties. The
effect of attachment of methyl groups and differégand to the some other metal
complexes (Al, Cd,Be,B,Pt) and other rare eartmel&s) could be tried for optimizing

guantum efficiency, brightness and operating veltag
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2) Temperature dependent photoluminescence couldbalsmarried out in order to get

information about the variation of the traps ,exait vibrations etc.

3) Temperature dependent transport studies couldeb®rmed deeply for getting the

information about the conduction mechanism i.eedtipn limited conduction and bulk

limited conduction , since it pave the way for betievice fabrication.

4) Another possible area of future research work lallto reduce the interface defects
which form during OLED fabrication in order to iease current densities which will

eventually improves the device efficiency.
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