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Abstract:

In this paper, we give a comprehensive investigation on the structural characteristics in Organic
Light-Emitting Diodes (OLEDs), highlighting their prospective for improved performance and
flexibility. Conventional light-emitting diodes (LEDs) are inadequate for applications requiring
ultra-compact dimensions, thinness, flexibility, and high-efficiency illumination. OLEDs provide
a wide range of characteristics due to the use of an electroluminescent layer composed of organic
compounds. A detailed investigation was conducted to identify the distinguishing structural
properties between OLEDs and semiconductor LEDs. The enhanced performance of OLEDs
may be attributed to their unique six-layered structure, which incorporates an organic emissive
layer and facilitates the presence of delocalized charges resulting from weak pi bonds. In this
discourse, we will examine certain constraints pertaining to the manufacturing and lifespan of
these light-emitting diodes (LEDs), and provide potential remedies to address these obstacles.
Conducting a comprehensive and meticulous examination of this structure is essential in order to
enhance our understanding of the functionality of this device, with the ultimate goal of achieving
cost reduction and improved efficiency in future devices.

1.0 Introduction

This research investigates the structural characteristics that contribute to the superior
performance of organic light-emitting diodes (OLEDs) comparison to traditional semiconductor
light-emitting diodes (LEDs). In this discourse, we explore the intrinsic characteristics of organic
materials that facilitate their fabrication on flexible substrates, hence enabling the realization of
bendable displays [1, 4].

Since the introduction of the earliest visible Light emitting diode, known as "The Magic One," in
1962, light-emitting diodes have been universally used on fields of communication &
electronics. Simultaneously, the constraints of substantial dimensions and notably poor
efficiency have constrained its use to a narrow range of applications. With the advancement and
maturation of technology, there emerged a need for LED devices that are both tiny and efficient.
This marks the inception of Organic Light-Emitting Diodes (OLEDs). The use of light-emitting
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diodes (LEDs) has expanded to include increasingly advanced applications due to their
lightweight and portable nature, thereby indicating a potential trajectory for their future
development [1]. One significant contribution of this technology is to the development of TV
screens founded on organic light-emitting diodes (OLEDs). The pursuit in OLEDs originated in
the late 1960s, when scientists endeavored to harness organic materials for light emission.
However, significant progress was made in the early 1990s, when the concept of flexible
displays emerged [2].

Although OLED technology is more efficient than standard LED technology, it remains
prohibitively costly for commercial uses. The primary factor contributing to this phenomenon is
the restricted availability of a finite range of organic materials suitable for the production of
light-emitting diodes (LEDs). Scholars have extensively used several organic materials in order
to enable the formation of light [2,5]. However, the means by which we might achieve cost-
effectiveness and durability in these light-emitting diodes (LEDs) remains uncertain. The inquiry
about the selection of alternative organic components and the enhancement of efficiency remains
unresolved. If, hypothetically, these constraints were successfully overcome, it would lead to a
revolutionary transformation in the scientific community as a whole, with a specific impact on
the electronic sector [1-4].

This correspondence delves into the architecture of organic light emitting diodes (OLEDs) with
the aim of deepening our comprehension of its operational mechanisms, hence facilitating
additional investigations in this field to drive future advancements. In this study, we examine the
internal composition of OLED devices [5,7] and analyze the functionality of several organic
layers in the context of light emission. It was determined that the intrinsic composition of organic
substance utilized facilitates effective charge reunify specifically in the interface area, hence
leading to enhanced efficiency while minimizing power consumption. The great mobility of
holes inside the hole transport layer (HTL) was a significant factor in contributing to both good
charge transfer and high efficiency [1, 4].

In the following sections, we as a species will proceed to analyze the remaining content of the
document. In Section I, the functioning principle of an LED is examined. In the following part,
denoted as part Il, we will examine the configuration of OLEDs, afterwards providing a
comprehensive analysis of the constituent elements comprising the organic layers used in these
light-emitting diodes. Section 11l of this paper examines the comparative properties of OLEDs
and conventional LEDs. The article culminates in section 1V, wherein we delineate our results.
2.0 Operation of Organic Light Emitting diode

The operation of the mechanism of an LED involves the reunify of electrons & holes emerge in
the release of light. The voltage was petition across a p-n junction, which is created by the
combination of two semiconductor coating a single with a sufficient number of electrons (n-type)
and the other with a deficiency of electrons, resulting in holes (p-type). This voltage induces the
movement of electrons and holes in opposing directions [4-6]. The Coalesce of electrons & holes
results in the emission of photons, as seen in Figure 1. The perception of various hues of light is
contingent upon the wavelength of the emitted photon. The Discharge wavelength was a

1847
ResMilitaris,vol.12,n°5, ISSN: 2265-6294 (2022)



qm RES MILITARIS Social Science Journal

N JOURAAL OF MILITARY STUINES

characteristic of Substance that may manipulate by utilize various types of Substance based on
specific needs [4].

= (1)
In the present scenario, Eg represents the band gap of the substance, whereas A denotes the
spectra of the emitted light. The manipulation of the band gap of a material results in the
observation of distinct wavelengths of emitted light.
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Fig.1 illustrates the operation of an LED. Electrons from N-type materials & holes from P-type
materials migrate through the contact area and rejoin under the effect of the applied potential
(forward biasing) to generate illumination.

3.0 Structure of Organic light Emitting Diode

OLED arrives alongside our aid by using less electricity, being smaller compact size, and being
more efficient. The structure being the fundamental characteristic that we are interested in
researching that separates OLEDs from traditional ones. OLEDs vary in that that we employ
organic substances which achieve the same aim of electron-hole recombination rather than p-
type and n-type of a Semiconductor layers to produce a junction diode [1, 6, 7]. Figure 2 depicts
the most typical OLED construction, which consists of six layers.

The top and bottom layers are comprised of glass, plastic, or another protective covering. In
numerous delineation, this bottom layer also acts as the substrate, & complete LED structure is
built on it from the bottom up [1]. The Surface beneath the top surface is a cathode interface that
serves electron proximity. The Surface beyond the bottom Surface were the anode, occasionally
referred to as the hole proximity. Two layers of organic material are sandwiched between these
connections [5]. The layer directly underneath the cathode is known as the emissive layer, and it
is where light is created, whereas the other layer is known as the conduction layer. The most
significant benefit of OLEDs is that these organic layers can be synthesized and modified, giving
us band gap control and a wide range of color possibilities. Furthermore, the production
technique, such as inkjet printing on a basic plastic substrate, is exceedingly straightforward [2].
Voltage is petition across the cathode & anode to generate light. The cathode receives electrons
from the source, and a comparable positive charge occurs across the anode. The negatively
charged terminal of the cathode pumps electrons to the emissive layer. The inverse occurs at the
anode end, when holes are introduced to the conductive layer. Because holes are more mobile
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than electrons, they migrate to the emissive layer and recombine with electrons. This
reconnection produces photon discharge, which produces light [4,6].

Plastic Seal
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Anode (ITO)

LT

Glass Substrate

Fig.2 illustrates the six-layered architecture of an organic light-emitting diode (OLED). The
glass layer functions both as a substrate and as a medium through which produced light may
pass. The anode is composed of a transparent substance, such as Indium Tin Oxide, in order to
facilitate effective light emission.

4.0 Composition of Organic Materials
In the circumstances of OLED technology, the technique involves the excitation of electron to
the conduction band & the movement of holes to the valence band the inside a specific organic
material. In this specific instance, the organic substance in question is the emissive layer, as seen
in diagram 3. The presence of an imbalanced administration of electrons & holes leads to the
phenomenon of particle recombination, which gives rise to the formation of excitons. The
excitons undergo decay processes that lead to the emission of photons. The term
"electroluminescence™ is used to describe the phenomenon in which current is induced via metal
electrodes, resulting in the generation of light. OLEDs may be classified into two primary groups
based on the sorts of organic layers used.

%+ Small Molecular Structure Organic Light Emitting diode

+«» Larger Polymer Structure Organic Light Emitting diode
According to conventional expertise, it is often argued that polymers, being classified as plastics,
have non-conductive properties. A polymer refers to an extended arrangement of carbon atoms,
sometimes bonded with oxygen, hydrogen, & nitrogen, whereby electrons inhabit in states of
little energy [1, 5].
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Fig. 3 depicts the electricity flow middle an OLED. Cathode delivers electrons to the emissive
layer (pink), whereas anode delivers holes to the conductive layer (blue). Because of their
increased mobility, holes in the conductive layer migrate to the emissive layer & combine at the
interface to emit light.

In these scenarios, polymers exhibit non-conductive behavior therefore is often used for
insulation operations. Simultaneously, inside a polymer, a double bond of carbon and carbon
surrounds a m bond that is poorly localized. The presence of a pi bond leads to electron
delocalization, which may facilitate electrical conductivity in the presence of an electric
potential. In this context, it can be seen that the 2P, orbital’s exhibit an equal likelihood of
proximity to either carbon atom, leading to the phenomenon of electron delocalization. This
phenomenon leads to the cleavage of the pi bond into the pi and * bands. The phenomenon of
delocalization manifests itself by the distribution of electrons over two distinct bands, like the
conduction and valence bands seen in semiconductors. the symbol 7 represents the bonding
orbital or conduction band, while =+ represents the anti-bonding orbital or valence band of the
semiconductor [1,3]. The bands in question are often referred to as the Lowest Unoccupied
Molecular Orbital (LUMO) and the Highest Occupied Molecular Orbital (HOMO) [1].The
semiconducting or metallic features of these polymers may be seen based on the symmetry of

their structures.

Fig.4 shows bond geometry of the widely utilized organic substance Algz with a small molecular
structure (SMOLED).
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Fig. 5 demonstrates the only monomer of the organic polymer PPV (PLED). These monomers
combine to produce a lengthy polymer chain.

The structure OLED includes of two separate organic layers. The hole transport layer typically
consists of a naphthyl-substituted benzidine derivative, whereas the electron transference layer is
composed of Algs. One and the other these two organic layers were positioned in the middle
metal electrodes. The thickness of the aforementioned layers ranges from within 10 to 100 nm.
Whenever electric potential is supplied, electrons was transferred from the cathode to the lowest
unoccupied molecular orbital (LUMO) Electron transference layer, while holes are sent to the
highest occupied molecular orbital (HOMO) of the hole transference layer. it is seen that holes,
owing to their somewhat greater mobility, exhibit a drift motion towards the emissive layer
(ETL). Upon reaching the ETL, these holes engage in recombination with electrons, resulting in
the emission of light. The emitted light is transmitted via an anode composed of a transparent
material known as indium tin oxide (ITO), therefore contributing to the overall optical power
production [3,5]. The great efficiency and higher functionality of OLEDs may be attributed to
their two-layer construction, which effectively creates energy hurdle that constrain the
recombination of accusation precisely at the cooperate. Due to the use of organic components,
OLEDs experience significant material deterioration. An inherent limitation that posed a
significant obstacle for early iterations of OLEDs was the issue of limited lifespan. Recent
technical advancements, together with improvements in the selection of organic materials and
production techniques, have led to the achievement of a 10,000-hour lifespan for OLEDs [1, 3].
5.0 Comparison characteristics of Organic light Emitting Diode
OLED technology is mostly used in the production television displays. Traditional LED displays
operate by using the inherent property of LEDs to light individual pixels, so generating visual
images on the screen. In the context of OLED-based displays, it is important to note that each
individual OLED functions as an independent pixel, with the capability to emit light on its own.
A comparison between OLED displays and basic semiconductor LED displays shows notable
distinctions, with OLED exhibiting superior performance in terms of efficiency, power
consumption, and closeness. Conversely, semiconductor LED displays outperform OLED
displays in denomination of cost, longevity, and simplicity of production [4,7]. Table 1 presents
a comprehensive overview of the comparison between television screens using organic light-
emitting diode (OLED) technology and those employing semiconductor light-emitting diode
(LED) displays.
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Table.lrepresents an in-depth evaluation of the characteristics of semiconductor-based
luminescent and organic LED displays.

Technology LED OLED
Power 60-300 24-150
Consumption(W)

Resolutions

: 1940X1090 1940X1090
(pixels)
Colors 17.8 million 17.8 million
Brightness (cd/m?) 349-499 1000
Contrast 349:1- 1.000:1 1.000.000:1
Response Time 8-12ms 0,05ms
Ogle Angle / 170.1/170.1 179/179
Viewing
Lifetime(hrs) 50.000- 60.000 10.0

6.0 Conclusion
The evaluation of the composition of organic light emitting diodes (OLEDs) demonstrates the
inclusion of organic layers results in the device displaying heightened interaction the enhanced
functionality of OLEDs may be allocated to recombination, a phenomenon that arises from the
delocalization of charge inside carbon chains and the increased mobility among charge carriers.
Such extensive analysis of the gadget's structure contributes to our comprehension of its core
mechanisms and enables us to undertake trials with the objective of improving its functionality.
The prospect of achieving extensive manufacturing of organic materials presents a favourable
prognosis for this particular technology. The limited variety of uses for organic light-emitting
diodes (OLEDs) is mostly due to their high production costs. In addition, the constrained
durability of organic materials poses a challenge to the overall lifetime of OLEDs, leading to a
lifespan that is about five times shorter compared to that of semiconducting LEDs. The
aforementioned drawback continues to be the foremost constraint of this technology to date. The
potential for enhancing the affordability and longevity of OLED technology lies in the use of
cost-effective manufacturing processes and the utilization of better organic materials that exhibit
greater resistance to degeneration.
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