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Abstract.

Organic Light-Emitting Diodes (OLEDs) have emerged as a revolutionary technology in the
field of optoelectronics. This work comprehensively examines OLEDs, encompassing their
fundamental principle, device architecture, operational mechanics, common challenges, and
encapsulation strategies. This research elucidates the unique capabilities and potential
applications of OLED technology by delving into the underlying physics governing OLED
operation, including electroluminescence and charge carrier dynamics. An in-depth analysis
of OLED degradation sheds light on the diverse factors contributing to device performance
decline over time, emphasizing the significance of robust encapsulation techniques and
meticulous design considerations. The dynamics of pressure distribution within an OLED
vacuum chamber are investigated through computational fluid dynamics (CFD) simulations
and detailed design methodologies, highlighting the critical role of precise pressure control
in optimizing device fabrication processes. Furthermore, the integration of System
Operation Aeres for process automation within the OLED vacuum chamber showcases the

potential for enhanced efficiency and reliability in OLED vacuum chamber design.

Future research endeavors are directed toward refining encapsulation techniques,

advancing material science, and exploring emerging applications for OLED technology.
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1 Abbreviations

OLEDs: Organic Light-Emitting Diodes

LCDs: Liquid-crystal display

CFD: Computational Fluid Dynamics

Aeres: System Operation Aeres

PVD: Physical Vapor Deposition

OPVs: Organic Photovoltaics

ITO: Indium Tin Oxide

OTFT: Organic Thin-Film Transistor

Vscan: Scan Voltage

Cst: Storage Capacitor

SW OTFT: Switching Organic Thin-Film Transistor
DR OTFT: Driving Organic Thin-Film Transistor

TADF: Thermally Activated Delayed Fluorescence



2 Introduction

In recent years, significant strides have been made in the field of optoelectronics, driven
by the increasing demand for high-performance and long-lasting optoelectronic devices.
These devices play critical roles in various sectors, including the internet, optical
communication, displays, and photovoltaic applications, shaping our daily lives. Among the
myriad of optoelectronic technologies, organic-semiconductor devices have emerged as
particularly promising, leveraging the unique advantages offered by organic materials. These
advantages include flexibility, low material cost, simple, scalable processing, and suitability

(Luetal., 2021;Salehi et al., 2019).

Physical Vapor Deposition (PVD) is a widely employed technique for depositing thin
films in OLED manufacturing. PVD involves the physical transfer of material from a solid
source to the substrate in a vacuum environment, resulting in the formation of thin films with
precise control over thickness and composition. One of the notable advantages of PVD is its
ability to deposit materials at relatively low temperatures, which is crucial for preserving the
integrity of organic layers in OLED devices. In the fabrication of OLED using PVD, several
vital steps ensure the precise deposition of organic thin films onto substrates (Bauri et al.,
2021). Initially, the substrate, typically composed of glass or plastic and coated with
transparent conductive layers like Indium Tin Oxides (ITO), undergoes meticulous cleaning
to eliminate any contaminates that could impede film deposition. Subsequently, the substrate
is placed within a vacuum chamber, where the pressure is reduced to create a high-vacuum
environment. This step is crucial in minimizing impurities formation and ensuring uniform

film deposition across the substrate surface (Utochnikova et al., 2012; Yamashita et al., 2001).

Organic materials, comprising host and guest molecules essential for OLED
functionality, are heated to their evaporation temperatures within the vacuum chamber. As
these materials evaporate, they travel directly to the substrate and condense onto its surface,
forming thin films layer by layer. Control over the deposition rate and duration is paramount
to achieve the desired film thickness. Real-time monitoring techniques such as quartz crystal
microbalances or in-situ spectroscopic ellipsometry are often employed to ensure uniform
film growth and precise control over the deposition process. OLEDs typically comprise
multiple organic layers with distinct functions, including hole transport, electron transport, and
emission layers. PVD facilitates the precise deposition of each layer, enabling the design and

fabrication of complex device architectures tailored to specific performance requirements



(Utochnikova etal., 2012; Yamashita et al., 2001).

Low-temperature PVD offers significant advantages in OLED manufacturing. Firstly,
it preserves the integrity of organic materials by mitigating the risk of thermal degradation
associated with high temperatures. This preservation enhances device performance and
longevity. Additionally, low-temperature deposition processes are indispensable for
fabricating OLEDs on flexible substrates such as plastic, paving the way for developing
bendable and rollable displays. Moreover, operating at lower temperatures reduces energy
consumption during manufacturing, contributing to overall cost savings and environmental
sustainability. Thus, utilizing low-temperature PVD techniques represents a critical
advancement in OLED manufacturing, offering enhanced performance, flexibility, and

sustainability (Utochnikova et al., 2012; Yamashita et al., 2001).

OLED devices fabricated through thermal evaporation or solution-process deposition
face distinct challenges and advantages. While thermal evaporation enables precise layer
control, its high material wastage renders it costly. Conversely, despite being cost-effective
and suitable for mass production, the solution-process approach encounters hurdles such as
solvent solubility issues and layer blending defects. Efforts to enhance solution-processed
OLED quality, exemplified by Cynora GmbH's modular emitter system, aim to mitigate these
challenges (Jou et al., 2017). Market demand favors portable, eco-friendly, cost-effective
products, driving OLED adoption. With notable efficiency achievements surpassing
traditional lighting sources, OLEDs offer customizable design, lightweight construction, and
superior brightness levels. As conventional lighting grapples with efficiency and
environmental concerns, OLED technology emerges as a compelling contender in the lighting

sector (Jou et al., 2015).

OLEDs are highly sensitive to environmental factors, which can significantly impact
their performance and longevity. Understanding the physics behind OLED degradation and
the necessity of a vacuum chamber for fabrication is essential for optimizing device stability
and functionality. OLED degradation involves several internal processes, including chemical
reactions and morphological changes such as face alterations, crystallization, etc. Typically,
degradation results in a gradual decline in device efficiency, often observed as a decrease in

brightness under constant current or voltage conditions.

Consequently, luminance behavior over time within a fixed or predefined physical

environment is the primary parameter to assess OLED lifetime. This duration is referred to as



the device's lifetime, denoted as LT50 or T1/2, presenting the time it takes for luminance to
half its fitness at a constant current density. Alternatively, more stringent matrices, such as
LT70 and LT97, may be utilized, indicating the time it takes for luminosity to drop to 70%
and 97% of its initial value, respectively. The latter metric holds particular significance in
display manufacturing, as it corresponds to the threshold at which differences in brightness
between adjacent display elements become perceptible. Some studies opt for constant voltage
sources to assess device lifetime, which often accelerates luminance degradation compared
to constant current-based aging tests. This acceleration is attributed to the concurrent increase

in device impedance over time, leading to a further reduction in current density (Scholzet al.,

2015).

One of the primary degradation pathways in OLEDs is the oxidation of organic
materials, particularly the electron transport and emitting layers. Oxygen molecules infiltrate
the device structure through defects or imperfections in the encapsulation layers or via
diffusion through the substrate and electron materials. Upon exposure to oxygen, organic
molecules undergo oxidation reactions, forming non-radiative defects, decreased charge
carriers’ mobility, and reduced luminescence efficiency. This degradation ultimately
decreases the device's lifetime and performance (Kwon et al., 2019). Similarly, moisture can
degrade OLED performance by inducing reactions that degrade organic materials and
promote the formation of non-conductive or insulating layers through encapsulation layers
and diffusion into the OLED stack, which reacts with organic materials, leading to hydrolysis
and chemical breakdown. This moisture-induced degradation results in increased leakage
currents, reduced luminance, and color shifts, ultimately compromising device reliability and

functionality (Xu etal., 2004).
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3 Theory

3.1 LEDs

LEDs are the most used color display products in the market. LEDs have different
advantages over conventional cathode ray tubes (CRTs), such as their low weight, low energy
consumption, and higher brightness. Additionally, LEDs have a relatively longer life
expectancy, in addition to their durability and small size. Moreover, LEDs have a higher light
output to energy input ratio than incandescent bulbs and are more energy efficient. A
conventional light-emitting diode (LED) consists of two types of semiconductors bonded
together and attached to positive and negative electrodes. Generally, a semiconductor is a
material with varying conductivity. Usually, semiconductors are poor conductors of electricity,
but when doped (addition of impurities) to allow electrons to flow more freely, they become

excellent conductors.

In LEDs, the negative electrode is attached to an N-type semiconductor (surplus of
electrons), and the positive electrode is connected to a P-type semiconductor (surplus of
positively charged particles). The electrons flow freely when the circuit is complete and fall
from the conducting band into a lower orbital. As a result, energy is released in the form of
photons, and a specific light color is produced depending on the photon’s wavelength. The
wavelength of the photon depends on the band gap. The lower wavelength photons (~350 -
450nm) lie in the purple-blue range of the spectrum. The photons with higher wavelengths
(~650-700nm) are in the red range. In LEDs, the composition of semiconductor materials
determines the color of light emitted, and a range of inorganic materials are used as

semiconductors for this purpose.

The workings of OLEDs are primarily similar to those of LEDs, except that the P-type
and N-type semiconductors are made of organic materials. This ensures the safe production
and disposal of these devices. Polymers like polyfluorene make N-type materials, while P-type
materials are made from polymers like polyaniline. In OLEDs, polymers used as
semiconductors are doped for more effortless electron transfer. The structure of an OLED
consists of a substrate, the anode layer, the conductive layer, the emissive layer, and the

cathode.
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3.2 OLED

The abbreviation ‘OLED’ represents an Organic Light-Emitting Diode, a technology
utilizing LEDs where illumination arises from organic molecules. These organic LEDs are
pivotal in crafting what is widely acknowledged as a superior display globally (Tsujimura,
2017). OLEDs are solid-state devices of thin organic films between two conductive
electrodes. Upon the application of electricity, charge carriers move from the electrodes into
the organic layers, forming excitons in the emissive zone, which then emit light. The OLED
cell structure includes a substrate (plastic, glass, or metal foil), an anode (positively charged
to inject holes into the organic layers), a hole injector layer (receives holes from the anode),
a hole transport layer (facilitates hole transport), an electron transport layer (facilitating
electron transport), a blocking layer (improving OLED technology), an electron transport
layer(facilitating electron transport), and a cathode (negatively charged to inject electrons).
Each layer plays a crucial role in the functioning of OLED devices, converting electrical
energy into light efficiently (Lu et al., 2018; Patel & Prajapati, 2014). The active area or
pixels are the regions where light emission occurs, enabling the display of images or content.
These active areas consist of multiple organic layers with distinct functions, including hole
transport, electron transport, and emissions layers. Figure 1 illustrates the cross-section of
an OLED device; electrons and holes are injected into the organic layers, where they
recombine at the emissive layer interface. This recombination process leads to the formation
of excitons, which subsequently decay to emit photons. The emission wavelength and
intensity are determined by the properties of the organic materials used in the device. By
controlling the design and composition of the active areas, OLED manufacturers can
optimize device performance, achieving high brightness, color accuracy, and energy
efficiency (Kim & Song, 2019). Figure 1 outlines the structure and functionality of a
standard pixel circuit employed in OLED panels. This circuit comprises two organic thin-
film transistors (OTFTs), one OLED, and one capacitor. The switching OTFT (SW OTFT)
is activated by a scan voltage (Vscan) to transfer data from the data line to the storage
capacitor (Cst). Its primary role is to provide a substantial current to rapidly charge the
capacitor during scanning while maintaining a low off-state current to sustain capacitor
voltage. The driving OTFT (DR OTFT) is subsequently triggered by the stored voltage in
the capacitor to supply a large current to the OLED, ensuring bright illumination (Kim &
Song, 2019).
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Figure 1: Active areas or pixels in OLED (a) shows the pixel circuit in the OLED panel. It comprises
two organic thin-film transistors (OTFT), one OLED, and one capacitor. (b) shows the layout and the
cross-sectional view of the stacked pixel with all the components (copyright, Kim & Song, 2019)

OLED materials are employed in constructing thin films positioned between dual
conductors. Upon application of electrical current, they emit vibrant light. This
straightforward configuration yields numerous advantages over alternative display
technologies. OLEDs facilitate emissive display, wherein each pixel is independently
controlled and emits its light, distinct from LCDs relying on a backlighting unit. OLED
displays boast exceptional image quality, characterized by vivid colors, seamless motion,
and, notably, unparalleled contrast, including true black, which is unattainable in LCDs due
to backlighting. Furthermore, the uncomplicated OLED design lends itself to the relatively
straightforward production of flexible and transparent displays (Mandle, 2010; Tsujimura,

2017).

OLED materials are integral components between dual conductors, typically an anode
and a cathode. These materials emit vibrant light upon applying electrical current, forming
the basis of an OLED display. One key advantage of OLEDs is their emissive display nature,
wherein each pixel functions independently, emitting light. This contrasts with LCDs, which
rely on a backlighting unit, leading to contrast and color accuracy limitations. OLED
displays excel in image quality, offering vivid colors, seamless motion, and unparalleled
contrast, including accurate black levels unachievable in LCDs. Additionally, the
straightforward design of OLEDs facilitates the production of flexible and transparent

displays, expanding their versatility in various applications.
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In constructing OLEDs, attaching cathodes and anodes to the active area is crucial for
device functionality. Typically, the anode is placed on the substrate side, while the cathode
is on the opposite side. This configuration allows efficient electron injection from the cathode
and hole injection from the anode into the organic layers, promoting balanced charge transport
and recombination within the active area. The precise arrangement of cathodes and anodes
can be illustrated through diagrams depicting the layered structure of OLED devices,
emphasizing the strategic placement of electrodes to ensure optimal device performance and

functionality.
3.3 OLED Device Structure

The fundamental structure of OLEDs is straightforward: an organic emitter
sandwiched between two electrodes. However, commercial OLEDs incorporate
intermediary layers, such as electron transport and blocking, to develop efficient and durable
devices. The entire organic stack is between the electrodes and deposited onto the substrate
(either glass or plastic) and the display backplane (housing driver electronics). Specific
OLED displays available today utilize numerous layers stacked atop one another to achieve

the desired performance and functionality (Negi et al., 2018; Salehi et al., 2019).

Cathode

Electron transport layer (ETL)
Blocking Layer (BL)

Emissive layer

Hole transport layer (HTL)
Hole injection layer (HIL)
Anode

Substrate

Figure 2: The basic structure of an OLED, including the different layers involved in its functioning.
There are multiple layers between the cathode and the anode, and are stacked on the substrate.
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The layers shown in the image include the hole injection layer (HIL), hole transport layer (HTL),
emissive layer, blocking layer (BL), and electron transport layer (ETL). These intermediate layers are
used to develop efficient and durable devices.

Figure 2 shows the basic structure of an OLED. The different layers involved in the structure
are utilized to develop efficient devices. These layers also increase the longevity of these OLED
devices.

3.4 OLED Mechanism

The working of Organic Light light-emitting diodes (OLEDs) is almost like LEDs;
however, the emissive and conductive layers are made from organic materials. The materials
must be organic to manufacture and dispose of the devices safely. Polymers like polyfluorene

help create emissive layers, while polymers like polyaniline help create conductive layers.

9

8 1

7 C‘ 2
6 . " 3

~

Figure 3: Structure of polyfluorene. Fluorine units are linked in linear chains. Positions 2 and 7 are
the fluorine-connected molecules in polyfluorene. Position 9, as shown in this structure, is the point
in the polyfluorene structure where side chains are attached, forming a linear chain.

Since these compounds have phenyl groups that help stabilize radicals, they are
excellent semiconductor choices. This is because the electron clouds can mesh because of the
alignment of the pi-orbitals in the double bond, which are resonant with two different

conformations.

Figure 4: This is how polyaniline is structured. In this diagram, the number of units in the chain
(degree of polymerization) is represented by x, and n+m - |—

As a result, the pi-bond can stabilize the free radical when the N-type material loses an
electron and becomes unstable due to the presence of a free radical in the molecule by sharing

the excess negative charge among all the pi-bonds that have been meshed. This also applies



15

to the P-type material that is receiving electrons. The phenyl groups’ pi-bond can stabilize
electrons taken in as free radicals.

The polymers used as OLED semiconductors need to be doped to facilitate more
accessible electron transport, like semiconductors in LEDs. Doping a polymer can be done
in two ways. In the first method, a polymer is subjected to an oxidant or a reduction agent.
This will result in a polymer doped with more electrons to form an N-type or fewer electrons
to form a P-type. Polymers are doped using an electrochemical reaction in the second method.
In this procedure, a polymer-coated electrode is submerged in an electrolyte solution in which
the polymer is insoluble. Additional reference electrodes should be included in the solution.
Ions from the electrolytes and a charge are produced when current flows through the solution;
for an N-type doped polymer, this additional charge results in the addition of electrons, and
for a P-type doped polymer, it results in the removal of electrons.

The substrate, or the material that supports the system, is the first component of a
typical OLED’s construction. The material in question typically resembles a glass or silicon
slide. The anode layer sits on top of this and removes electrons from the P-type material when
current flows through it. The emissive layer comes next in the OLED, followed by the

conductive layer. Lastly, a cathode layer is added, as seen in Figure 2.
3.5 OLED Problems

One of the critical components in the manufacturing process of OLEDs is the vacuum
chamber, which plays a pivotal role in depositing organic materials onto the substrate to
createthin organic layers (Porada, 2019). Maintaining a vacuum within the chamber is
critical for preventing contamination and ensuring the quality of the deposited organic
layers. Any impurities or foreign particles can significantly impact the performance and
lifespan of an OLED device. As a result, leaks or breaches in the vacuum chamber can
reduce production yields and product quality (Sun et al., 2020). Furthermore, achieving and
maintaining the desired vacuum level necessitates sophisticated equipment and accurate
control systems. Even minor pressure fluctuations can cause inconsistencies in the thickness
and uniformity of the organic layers, resulting in differences in the optical and electrical
properties of OLEDs. This can result in color shifts, luminance variations, and decreased
efficiency (Kreiza et al., 2021).

Additionally, the vacuum chamber experiences deterioration over time, particularly

from exposure to deposition procedures, high temperatures, and reactive gases. Degradation
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of components like pumps, vacuum chambers, and seals can lead to more frequent
maintenance needs and repair downtime (Fujimoto et al., 2018). One more challenge related
to the vacuum chamber is the actual deposition procedure. Precise adjustment of deposition
rates, pressure, and temperature is necessary to control the organic layer thickness,
uniformity, and deposition rate. Deviations from the ideal conditions may result in non-
uniform convergence, pinholes, and grain boundaries, among other defects, which may

impair the dependability and performance of the device.

3.6 OLED Degradation

OLED degradation refers to the gradual deterioration of OLED device performance
overtime. Several factors contribute to OLED degradation (Popovic & Aziz, 2002; Scholz
et al., 2015). Organic material degradation is the fundamental problem that OLEDs face.
Exposure to light, moisture, and oxygen in the environment can cause organic materials used
in OLEDs to deteriorate (Scholz et al., 2015). Operational stresses are the second most
common reason for OLED degradation. The electrical current must pass through an OLED
to function, which may stress the organic layers (Alchaddoud et al., 2018). The temperature
effects are the third most common degradation method. High temperatures can cause
acceleration in OLED deterioration processes when the device is operating or due to external
factors (Alchaddoud et al., 2018; Scholz et al., 2015). The quality of encapsulation is another
major factor in the degradation of OLEDs. When OLED devices are not adequately
encapsulated, moisture and oxygen can seep into the organic layers, causing chemical
deterioration and eventual device failure (Kalyani & Dhoble, 2015). According to (Fujimoto
etal., 2018), optimizing design and fabrication, material selection, and device architecture
can reduce degradation effects and increase device reliability.

The vacuum level significantly influences the degradation of OLEDs both during the
fabrication and the operational stage. During the fabrication stage, it is critical to maintain a
high vacuum level (in the range of 10”7 — 10 Torr) to prevent contamination. Small amounts
of contaminants like air and moisture can accelerate degradation. Maintaining high vacuum
levels is necessary to ensure the uniform deposition of organic and metal layers. Poor vacuum
conditions result in non-uniform deposition, leading to localized electric stress and device
failure. A high vacuum level is maintained to ensure that the evaporating molecules travel
directly to the substrate and spread out evenly and uniformly on the surface to create thin films.

The techniques generally employed for material deposition are thermal evaporation and
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sputtering. These techniques require high vacuum conditions. During the operational phase, if
the vacuum level is lower (higher pressure), oxygen and moisture can be introduced, leading
to oxidation and hydrolysis of calcium and aluminum. These chemical reactions can result in
the degradation of organic layers. The effectiveness of the encapsulation of OLEDs also partly
depends on the vacuum level during sealing. In case of poor vacuum conditions, residual gases
get entrapped in the encapsulation. Keeping high vacuum levels during the operational phase
is critical in maintaining the stability of organic molecules in OLEDs and preserving the
integrity of interfaces between different layers in OLEDs.

There are two layers of interfaces in the OLEDs. First is the interface between the
organic layer and metal cathode required for efficient charge injection. Second is the interface
between different organic layers. If there are poor vacuum conditions, interfacial oxides can be
formed, resulting in degradation of contact quality and reduced efficiency.

During the OLED operation at elevated temperatures, volatile substances trapped during
fabrication can be released. If vacuum levels are not high enough, these substances can

redeposit on the OLED surfaces, leading to non-uniformities and degradation.

3.7 OLED Encapsulations

In OLED technology, encapsulation is of primary importance. The purpose of
encapsulation is to prevent the degradation of the organic layers of OLEDs. Oxygen and
moisture can result in the degradation of these organic layers, making OLED devices less
durable (Jeong et al., 2020; Shin, 2018). In encapsulation, barrier films and coatings protect
against the entry of moisture and oxygen. These protective films use metal oxides like
aluminum oxide and silicon oxide, polymers, or hybrid organic or inorganic materials. These
materials have enhanced barrier properties (Jeong et al., 2020). Some encapsulation
techniques employed are thin film encapsulation, atomic layer encapsulation, plasma-
enhanced chemical vapor deposition, and organic or inorganic hybrid encapsulation. In
OLED manufacturing processes, each technique exhibits different levels of barrier

performance, scalability, and compatibility (Fujimoto et al., 2016; Kalyani & Dhoble, 2015).

In flexible OLEDs, traditional glass substrates are not suitable for use, which makes
encapsulation challenging. Flexible encapsulation solutions are required for flexible materials
like plastic and metal foil that can endure stretching and bending without compromising
barrier properties (Jeon et al., 2022). Encapsulation technology is advancing rapidly.

Nevertheless, there are still some challenges that need more research and development. One
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of these challenges is to find ways to ensure the cost-effectiveness and long-term stability of
the encapsulations. The current encapsulation manufacturing techniques are not cost-friendly,
making high-volume manufacturing expensive. Due to these challenges, manufacturing
encapsulations on a large scale is complex, thus hampering improved performance and
compatibility (Shin, 2018). In industry, rigorous testing is performed to evaluate the
efficiency and effectiveness of encapsulation methods and the materials used for
manufacturing. These tests include accelerated aging tests, environmental exposure tests,
and barrier property measurements. These tests ensure the encapsulated OLEDs perform best

and are reliable under different conditions (Kalyani& Dhoble, 2015).

3.8 OLED Vacuum Chamber Material

The vacuum chamber utilized in OLED fabrication plays a critical role in maintaining
a controlled environment free from contaminants such as moisture and oxygen; aluminum
is commonly chosen for constructing the vacuum chamber due to its advantageousproperties.
Aluminum offers excellent vacuum sealing capabilities, high thermal conductivity, and
corrosion resistance, making it ideal for maintaining a stable vacuum environment during
OLED fabrication. Additionally, aluminum is relatively lightweight and cost-effective
compared to alternative materials such as stainless steel or glass. These characteristics
ensure efficient operation and longevity of the vacuum chamber, contributing to the high-

quality fabrication of OLED devices (Nakhosteen & Jousten, 2016).

Borosilicate glass is often preferred for the transparent glass material used in the
vacuum chamber of OLED fabrication due to its favorable properties. Borosilicate glass
offers excellent transparency, allowing for visual monitoring of processes inside the
chamber. It also exhibits high chemical resistance, preventing reactions with substances in
the chamberenvironment. Additionally, borosilicate glass has a low thermal expansion,
ensuring dimensional stability under varying temperatures during OLED fabrication. These
characteristics make borosilicate glass suitable for maintaining a controlled environment
within the vacuum chamber, facilitating efficient OLED manufacturing processes

(Melpignano et al., 2010).

Materials with high electrical conductivity and corrosion resistance are essential for
the electrical wires used in the vacuum chamber of OLED characterization. Copper is

commonly chosen for this purpose due to its excellent electrical conductivity, allowing for



19

efficient transmission of electrical signals within the chamber. Additionally, copper exhibits
good resistance to corrosion, ensuring the long-term reliability of the electrical connections
even in a vacuum environment. The use of copper wires helps maintain stable electrical
performance during OLED characterization processes, contributing to the overall efficiency

and quality of OLED devices (Wang et al., 2019).
3.9 OLED Emitters

OLED emitters play a crucial role in determining the performance and characteristics
ofOLED devices. Over the years, significant advancements have been made in OLED emitter
technology, leading to the development of different generations of emitters: fluorescence (first.
Generation), phosphorescence (second generation), and  thermally  activated  delayed

fluorescence (third generation), as seen in Table 1.
3.8.1 Fluorescence Emitters

Fluorescent OLED emitters were among the earliest types used in OLED technology.
These emitters operate based on the principle of fluorescence, where the excited state energy
isreleased as light. Fluorescent emitters are typically composed of organic molecules that
emit light when excited by an electric current. While fluorescence emitters have been
instrumental in the early development of OLEDs, their relatively low efficiency and limited
color options have spurred the exploration of more advanced emitter technologies (Hong et

al., 2021).
3.8.2 Phosphorescence Emitters

Phosphorescence OLED emitters represent a significant advancement over their
fluorescent counterparts, particularly in efficiency. Phosphorescence exploits the phenomenon
of spin-orbit coupling, allowing for efficient harvesting of both singlet and triplet excitons. This
enables phosphorescent emitters to achieve higher internal quantum efficiencies,leading to
brighter, more energy-efficient OLED devices. Additionally, phosphorescent emitters offer a
broader range of colors and enhanced stability than fluorescent emitters,making them highly

desirable for various applications, including displays and lighting (Kappaunet al., 2008).
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. .. Color .
Generation Emission Type Availability Efficiency Cost
1st Fluorescence Deep Blue Low Low
Green, Red (Not _ .
2nd Phosphorescence raans Red (o High High
Blue)
Unde
Thermally Activated e | ;
3rd (TADF) Delaved development High Low
: i for Deep Blue (Expected) (Expected)
Fluorescence
(Expected)

Table 1: OLED generations. The emission types, color availability, efficiency, and costs of 1st, 2nd.
and 3™ generations. The 1st generation OLEDs have fluorescent emitters, 2" generation have
phosphorescence emitters, and 3™ generation OLEDs have thermally activated delayed fluorescent
emitters. The color available for 1st generation OLEDs is deep blue, and they have low cost and low
efficiency. 2" generation OLEDs are available in green and red color and have high costs and high
efficiency. 3 generation OLEDs are under development due to the availability of deep blue color.
Their efficiency and cost are expected to be high.

Table 1 shows the development of different generations of emitters. Fluorescence (first
generation), phosphorescence (second generation), and thermally activated delayed
fluorescence (third generation). It also shows the color availability efficiency and cost of these

generations of emitters.

3.8.3 Thermally Activated Delayed Fluorescence (TADF) Emitters

TADF emitters represent the latest frontier in OLED emitter technology, offering the
potential for further improvements in efficiency and performance. TADF emitters utilize a
unique mechanism where delayed fluorescence occurs by efficiently converting triplet exciton
to singlet excitons via reverse intersystem crossing. This enables TADF emitters to achieve
high internal quantum efficiencies comparable to phosphorescent emitters while utilizing
only organic materials without heavy metal complexes. The development of TADF emitters
has opened up new possibilities for achieving high-efficiency OLEDs with reduced

manufacturing costs and improved sustainability (Im et al., 2017).
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4 Methodology

The OLED vacuum chamber design and CFD simulation methodology follow the following

order.

. : Defining Design OLED Vacuum
Literature Review Method

Chamber Design

Iterations to Get
CFD Simulation the Required
Features

3D Modelling
using SolidWorks

Conclusion & Evaluation of
Future Results and Parametric Sweep
Recommendation Discussion

Figure 6: Flow chart for design and CFD simulation methodology. The methodology starts with a
literature review, defining design method, OLED Vacuum chamber design, 3D Modelling using
SolidWorks, Iterations to get the required features, CFD simulation, Conclusion and future
recommendation, evaluation of results and discussion, and ends with a parametric sweep.

Figure 6 shows the flow chart for the methodology employed for the design and CFD
simulation of the vacuum chamber. It starts with the literature review and ends with the
parametric sweep to determine the effect of pressure variation on the vacuum creation in the

chamber.
41 OLED Vacuum Chamber Design

A successful OLED vacuum chamber design must combine creative design with
structured design methodology and computer-aided design tools. The method employed in

the design of the vacuum chamber for the OLED is design methodology.
4.1.1 Design Methodology

Design methodology is defined as the work to find an innovative and reasonable
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solution according to the customer's requirement or meeting the requirements. The design
methodology was chosen because of its flexibility, which helps develop a particular idea

and apply improvements to the already available design in the most suitable way.

Additionally, employing design methodology ensures that the OLED vacuum chamber
is innovative, practical, and aligns with the requirements. By iteratively refining designs and
incorporating feedback, this approach enables the creation of a vacuum chamber that
optimally balances functionality, efficiency, and manufacturability. Through computer-aided
design tools, intricate details can be carefully analyzed and optimized, further enhancing the

overall performance and reliability of the OLED vacuum chamber, as seen in Figure 7.
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Figure 7: 3D CAD model of the OLED vacuum chamber and the OLED placed inside the chamber.
The design is created after carefully analyzing and optimizing the intricate details.

Figure 7 shows the 3D CAD model of the OLED vacuum chamber and the OLED placed inside

the chamber. The design is created using computer-aided design tools.
4.2 Design Details

SolidWorks Standard software is the design tool used for the 3D modeling of the
OLED vacuum chamber. In the pursuit of designing OLED using SolidWorks, a thorough
design methodology is paramount to ensure precision and efficiency. The process
commences with creating a new part file within the SolidWorks interface, establishing the

foundational platform for design exploration. Leveraging the sketch tools, the outline of the
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OLED is carefully crafted, adhering regularly to the specific dimensions: 15 mm in length,
13 mm in width, and 1mm in height, as seen in Table 2. The dimensions are kept slight since
the overall size of OLEDs is small. This initial sketch serves as the blueprint for subsequent
design iterations. Subsequently, employing the Extrude Boss/Base feature, the sketched
outline is extruded to precisely 1 mm in height, constituting the OLED substrate's base

structure. Attention is precisely directed towards the addition of crucial components,

including electrode and organic layers, each imbued with exacting dimensions to ensure

congruence with design specifications, as seen in Figure 8.

Table 2: Details of OLED dimensions

OLED Dimensions
length 15 mm
width 13 mm
height 1 mm
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Figure 8:3D view of OLED for the OLED vacuum chamber. The dimensions are 15 mm long, 13 mm
wide, and 1mm high. Extrude Boss/Base feature is used, and the sketched outline is extruded to a
height of precisely 1 mm.

The base plate for the OLED vacuum chamber, with dimensions of 16.75 mm in length,
16.5 mm in width and 0.85 mm in height, prioritizes structural stability and functional
capability. Each component, carefully arranged, ensures optimal device performance.

Additionally, specific features such as an impression were designed on the bottom plate to
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ensure proper encapsulation of OLED when placed inside the vacuum chamber. The detailed
model of the bottom plate of the OLED vacuum chamber is shown in Figure 9.

The base or bottom plate is fundamental to the OLED vacuum chamber. It serves as a
foundation and is made of sturdy material. The base plate holds all the components in place to
ensure proper functioning. The base plate is airtight to ensure that the vacuum is maintained.
The plate is designed to align all the components mounted on it correctly. The plate design

also ensures that there is no source of leakage or contamination.

Table 3: Details of vacuum chamber bottom lid dimensions

Vacuum Chamber Bottom Lid Dimensions
Length 16.75 mm
Width 16.5 mm
Height 0.85 mm

PEAPEB O v SR 0
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Figure 9: 3D view of the bottom plate for the OLED vacuum chamber. The dimensions are 16.75 mm
in length, 16.5 mm in width, and 0.85 mm in height. Specific features such as an impression are
used on the bottom plate to ensure proper encapsulation of OLED.

The top lid for the vacuum chamber, with dimensions 16.5 mm in length, 16.5 mm in
width, and 0.5 mm in height, is designed for precise functionality and structural integrity.
The top plate is kept transparent to ensure the electrical connections are made correctly, and
the operation of the OLED and light generation mechanism can be observed and monitored

accurately. Material selection and geometric configurations are carefully considered to
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ensure compatibility with the chamber's requirements. The detailed model of the top plate
of the OLED vacuum chamber is shown in Figure 10.

The top plate or top lid is made of durable material. It is transparent so that all the
processes inside the vacuum chamber can be observed while maintaining the vacuum. It
serves as the upper boundary and is securely fastened. Transparency helps in monitoring the
operations from outside without opening the vacuum chamber. The top lid is also perfectly

sealed to maintain the vacuum inside. It is designed in such a way that it can withstand the

pressure difference between inside and outside.

Table 4: Details of vacuum chamber top lid dimensions

Vacuum Chamber Top Lid Dimensions
length 16.5 mm
width 16.5 mm
height 0.5 mm
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Figure 10: 3D view of the top plate/lid for the OLED vacuum chamber. The dimensions for the top
plate are kept at 16.5 mm in length, 16.5 mm in width, and 0.5 mm in height.

The side enclosure for the OLED vacuum chamber has a length of 17.5 mm, a width
of 17.5 mm, and a height of 3 mm. It is designed to ensure optimal functionality and
compatibility. In addition to these dimensions, the enclosure features three side holes for
electrical connections on both the left and right sides, facilitating seamless integration with

external systems. Furthermore, a groove of 0.6 mm is incorporated for enhanced stability

mls[mle ]|
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and mounting options. Additionally, a front open section measuring 15 mm in length and
1.5mm in width is included to facilitate the insertion of the OLED device into the vacuum
chamber. Through thorough design and precision engineering, the side in the clear provides
robust support and accessibility for the OLED vacuum chamber system, as seen in Figure

1.

One integral component of the OLED vacuum chamber is the side enclosure. It is
carefully designed to ensure that connections and mounting requirements are entirely met.
There are several functions of the side enclosure. It is a protective barrier, defining the
chamber's internal space. It provides the required openings for the necessary electrical
connections and device insertion. This design has three side holes for electrical connections
on the left and right sides. These holes ensure that external systems are seamlessly integrated
without affecting the vacuum inside. The groove is vital for maintaining stability and
ensuring securing mounting. The design consists of a front opening section that facilitates
the insertion of an OLED device. The accurately selected dimensions and the groove
inclusion ensure that the vacuum is maintained in the chamber. The side holes are accurately
sealed, and the enclosure fits tightly, so there is no risk of gaps. The front open section also

maintains the vacuum integrity during the insertion of the OLED device.

Table 5: Details of vacuum chamber enclosure dimensions

Vacuum Chamber Enclosure Dimensions
length 17.5 mm
width 17.5 mm
height 3 mm
Side Groves (left and right) in number 3 (each side)
Side Grove Dimensions 0.6 mm (diameter)
Front Open Section 15 mm by 1.5 mm
Back Grove 2 mm (diameter)




27

PELPER - ©-+ SR

5

Figure 11: 3D view of the side enclosure for the OLED vacuum chamber. The side enclosure for the
OLED vacuum chamber has a length of 17.5 mm, a width of 17.5 mm, and a height of 3 mm. A
groove of 0.6 mm is incorporated for enhanced stability. A front open section measuring 15 mm in
length and 1.5mm in width is included to facilitate the insertion of the OLED device.

The front closing strip for the Vacuum Chamber Top Lid, measuring 17.5 mm in
length, 3 mm in width, and 0.5 mm in height, serves as a crucial component for sealing and
securing the chamber. Featuring a single groove of 2 mm in depth, the closing strip provides
a secure hold, ensuring the top lid remains firmly in place during operation. This grooved
design facilitates effortless assembly and disassembly while maintaining an effective seal to

preserve the vacuum environment inside the chamber, as seen in Figure 12.

Even though the front closing strip is a small component of the vacuum chamber, it is
vital for proper functioning. It is designed to ensure the top lid is working accurately. It seals
and secures the top lid and keeps it firmly in place during the operation. A groove in the
front strip is essential to provide a tight fit and prevent movement during the operation. Due
to this groove, the top lid can be easily assembled and disassembled. The front closing strip
maintains the overall integrity of the vacuum chamber. The grooved design of the front
closing strip provides secure sealing and prevents air leakage. This airtight seal ensures

maintaining the vacuum.

Table 6: Details of vacuum chamber front closing strip dimensions

Vacuum Chamber Front Closing Strip Dimensions

length 17.5 mm

width 3 mm
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height 0.5 mm

Front Grove 2 mm
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Figure 12: 3D View of the front closing strip for the OLED vacuum chamber. The dimensions for the
front closing strip are 17.5 mm in length, 3 mm in width, and 0.5 mm in height. It also consists of a
single groove of 2 mm depth.

The motivation behind the selected dimensions for the vacuum chamber was that the overall
size of OLEDs is usually small. There is an opening in the front of the vacuum chamber to
facilitate the sliding of OLED into and out of the chamber. The design contains an impression
in the vacuum chamber to ensure that OLED fits that space. The overall dimensions of the
surrounding walls are also kept narrow. The vacuum chamber design contains holes to ease the
holding of wires and make electrical connections. The top surface of the vacuum chamber is
kept transparent so that the OLED's working mechanism and light generation process can be
observed and monitored. The design consists of handles on the front and back sides to hold the

chamber easily.
4.3 CFD Simulation

The ANSYS CFD simulation methodology for the OLED vacuum chamber involves
a systematic approach to model fluid flow and pressure distribution within the chamber

accurately. The simulation process comprises the following steps:
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4.3.1 Domain Creation

The different openings for the OLED vacuum chamber were adjusted by creating

plane surfaces so that the vacuum chamber is fully closed on all sides, as seen in Figure 13.

. < O.ICH . Z‘L‘ ;
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Figure 13: Geometrical domain of the OLED vacuum chamber. In the CFD simulation, plane
surfaces were created to adjust the different openings of the OLED vacuum chamber to ensure it
was fully closed on all sides.

Figure 13 shows the geometrical domain of the OLED vacuum chamber. All sides are fully

closed, as seen in the figure.
4.3.2 Mesh Generation

Generating a high-quality mesh for the computational domain using appropriate
meshing techniques enables capturing a proper level of details during the flow simulation.
For this purpose, the structured mesh was defined for all the outside walls of the chamber.
In contrast, the unstructured mesh of high mesh density was described for the inside chamber

to fully capture the flow phenomenon inside the chamber, as seen in Figure 14.
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Figure 14: Mesh domain defined for the OLED vacuum chamber. Structured mesh was specified for
all the outside walls of the chamber. An unstructured mesh with high mesh density was defined for
the inside chamber to capture the flow entirely inside the chamber.

Figure 14 represents the mesh domain defined for the OLED vacuum chamber. For outside
walls, structured mesh was defined. Inside the chamber, an unstructured mesh with high mesh

density was defined.

4.3.3 Boundary Conditions

a) Pressure Outlet Boundary Condition: This boundary condition was applied to the
vacuum chamber outlet. The initial pressure value of -25331.25 Pa was used for the
initial simulation. A parametric sweep from -25331.25 Pa to -202650 Pa was also

applied to understand the effect of increasing vacuum pressure inside the chamber.

b) Wall Boundary Condition: This was applied to the internal surfaces of the chamber,

as seen in Figure 15.
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Figure 15: Boundary conditions applied to the OLED vacuum chamber. Pressure outlet boundary
condition was applied to the vacuum chamber outlet. Wall boundary condition was applied to the
internal surfaces of the chamber.

Figure 15 is the visual representation of the applied boundary conditions to the OLED vacuum
chamber. A pressure outlet boundary condition was used for the vacuum chamber outlet, and

a wall boundary condition was used for internal surfaces.
4.3.4 Fluid Properties

Appropriate fluid properties were defined for the air inside the OLED vacuum
chamber. The values used for density and viscosity are 1.225 kg/m3 and 1.7894e-05 kg/m-s,

respectively.
Properties
Density [kg/m”]| constant - | | Ed'rt...]
11.225 :|
Cp (Specific Heat) [3/(kg K)] constant ~ | Edit...|
| 1006.43 i|
Thermal Conductivity [W/(m K)]  constant ~ | Edit...|
| 0.0242 i|
viscosity [kg/(m )] constant ~ | Edit...|
| 1.7894e-05 i|
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Figure 16: Fluid properties defined for the air inside the OLED vacuum chamber. Values of density,
specific heat, thermal conductivity, and viscosity.

Figure 16 represents the selected values of different fluid properties of the air inside the OLED
vacuum chamber. It shows the density values, specific heat, thermal conductivity, and

viscosity.
4.3.5 Solver Selection and Setup

The pressure-based solver was selected to solve the governing equations of the fluid
flow. The turbulence model employed for the simulation was the k-epsilon turbulence
model. The k- epsilon turbulence model was selected due to its established reliability,
computational efficiency, and versatility. The k-epsilon model offers robustness and
stability across various flow regimes, ensuring reliable convergence of solutions. The low
computational cost makes it well suited for performing parametric sweeps, facilitating
comprehensive analysis and optimization of the chamber design within reliable

computational resources.

Figure 17 shows the specifications of the selected turbulence model, i.e., the k-epsilon model.

ﬂ Viscous Model X
Model Model Constants

Inviscid C2-Epsilon

Laminar 1.9

Spalart-Allmaras (1 eqn)

@ k-epsilon (2 eqn)
k-omega (2 eqn)
Transition k-kl-omega (3 eqn)
Transition SST (4 eqn)
Reynolds Stress (7 eqn)
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DES)
Large Eddy Simulation (LES)

k-epsilon Model
Standard
RNG
® Realizable

Near-Wall Treatment
# Standard Wall Functions
Scalable Wall Functions
MNon-Equilibrium Wall Functions
Enhanced Wall Treatment
Menter-Lechner
User-Defined Wall Functions

Options

Buoyancy Effects Only Turbulence Production ¥

| Viscous Heating
Curvature Correction
Production Limiter

TKE Prandtl Number
1

TDR Prandtl Number
1.2

Energy Prandtl Mumber
0.85

Wwall Prandtl Number
0.85

User-Defined Functions

Turbulent Viscosity

none .
Prandtl Numbers

TKE Prandt! Number

none -
TDR Prandtl Number
none =

Energy Prandtl Number
none i

Wall Prandt! Number

none i

Scale-Resolving Simulation Options

Stress Blending (SBES) / Shielded DES

Figure 17: Specifications of selected turbulence model



33

5 Results and Discussion

Pressure distribution inside the vacuum chamber is the most critical parameter for the
optimal performance of OLEDs. If the proper pressure is not maintained within the vacuum
chamber, the performance of the OLED will be hindered or even lead to its failure. Therefore,
the vacuum chamber is defined as sustaining pressure when suction is applied at the outlet to
create a vacuum inside the chamber. For this purpose, different vacuum pressures were used
at the outlet of the vacuum chamber to investigate the pressure distribution inside the OLED
vacuum chamber, as seen in Figure 18.

Velocit MAnsys
Streamline 1 2023R1
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l 0.000
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Figure 18: Air flow distribution inside the OLED vacuum chamber at -101325 Pa pressure. The flow
is sucked uniformly throughout the chamber with the help of a vacuum pump at the top/left opening.
The airflow velocity is high closer to the outlet in the range of 1.632 ms' to 2.448 ms™'. The air is
uniformly distributed across the vacuum chamber in all directions. The uniform distribution indicates
that all the components are in place and the design has no irregularity.

The overall process behind the OLED vacuum chamber design is to apply suction
pressure at the chamber outlet. As the suction pressure is applied, air flows uniformly from all
sides of the vacuum chamber from the inside to the outlet. The suction pressure is gradually
increased to understand the vacuum-creation process inside the chamber. As the suction
pressure outside is increased, the pressure inside the chamber decreases, and the air flows from
inside to the outlet in a uniform manner. The uniform air flow indicates a successful vacuum

chamber design creation, as there are no irregularities in the design, and it is properly sealed.



34

The suction pressure varied from -25331.25 Pa to -202650 Pa. The pressure inside the chamber

decreased and followed the same pattern for every suction pressure test value.

Initially, the pressure was set equal to -25331.25 Pa at the outlet of the OLED vacuum
chamber while applying no-slip boundary conditions at the walls inside the vacuum chamber.
This setup established a baseline understanding of pressure distribution under typical operating
conditions. Subsequently, the effect of an increase in vacuum pressure was also investigated to
understand the pressure distribution inside the vacuum chamber. For this purpose, the pressure
was varied from -25331.25 Pa to -202650 Pa, and a simulation was performed to observe the
pressure inside the OLED vacuum chamber, as seen in Figure 24. It becomes clear from the
simulation results that as the outlet pressure for suction increases, the inside pressure decreases
following the same pattern. The minimum inside pressure is observed at -25331.25 Pa. It
corresponds to -0.00256 Pa inside the vacuum chamber, while the pressure decreases to -

0.069125 Pa at -202650 Pa.
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Figure 19: Pressure distribution along xy-plane inside the OLED vacuum chamber at -25331.25 Pa
pressure. The lowest pressure, i.e., -2.53e4, is experienced at the bottom opening, where the
vacuum pump is applied while the flow is sucked uniformly from the OLED vacuum chamber. The
contour plot clearly shows that the pressure is higher inside the vacuum chamber, and when a
suction pressure is applied at the outlet, the lowest pressure value is at the opening. The color strip
on the left side indicates the value of static pressure. Red indicates the highest pressure, and blue
indicates the lowest pressure. The flow is from higher pressure to lower pressure. There is a uniform
flow from the inside of the vacuum chamber to the outside. This indicates that a vacuum is
successfully created inside the chamber as suction pressure is applied to the opening.
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Figure 20: Pressure distribution along xy-plane inside the OLED vacuum chamber at -50662.50 Pa
pressure. The lowest pressure, i.e., -5.07e4, is experienced at the bottom opening, where the
vacuum pump is applied while the flow is sucked uniformly from the OLED vacuum chamber. The
suction pressure value is increased to see the behavior inside the vacuum chamber. The contour
plot shows the same behavior. The pressure is lowest at the point where the suction pump is applied
and highest inside the chamber. A flow from inside to outside indicates a successful vacuum
creation inside the chamber since the flow is uniform from inside the chamber to the outside. There
are no leakages in the chamber design, and the components are correctly sealed.
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Figure 21: Pressure distribution along xy-plane inside the OLED vacuum chamber at -75993.75 Pa
pressure. The lowest pressure, i.e., -8.08e4, is experienced at the bottom opening, where the
vacuum pump is applied while the flow is sucked uniformly from the OLED vacuum chamber. The
suction pressure is further increased, and the trend is the same. A uniform flow from the inside of the
vacuum chamber to the outlet, as shown in the contour plot. Red indicates high pressure inside the
chamber, and blue indicates lower pressure at the suction outlet. The uniformity in the flow inside the
chamber indicates vacuum creation inside the chamber. If there were any irregularities in the design,
the contour plot would have shown different colors at different points in the chamber.
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Figure 22: Pressure distribution along xy-plane inside the OLED vacuum chamber at -101325 Pa
pressure. The lowest pressure, i.e., -1.07e4, is experienced at the bottom opening, where the
vacuum pump is applied while the flow is sucked uniformly from the OLED vacuum chamber. The
suction pressure is increased further to ensure no irregular behavior, and a vacuum is successfully
created inside the chamber. The gradual increase in the suction pressure tests the behavior of
vacuum creation inside the chamber. As we increase the suction pressure, the trend of vacuum
creation is the same inside the chamber. The uniformity of flow inside the chamber indicates the
successful design creation. This contour plot shows the lowest pressure value at the vacuum
chamber's opening in blue.
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Figure 23: Pressure distribution along xy-plane inside the OLED vacuum chamber at -202650 Pa
pressure. The lowest pressure, i.e., -2.03e4, is experienced at the bottom opening, where the
vacuum pump is applied while the flow is sucked uniformly from the OLED vacuum chamber. This
contour plot also clearly shows that there is uniform flow within the vacuum chamber, the pressure is
uniformly distributed, and as a suction pressure is applied, the air flows uniformly from inside to
outside, creating a vacuum. The suction pressure is increased to the highest test value in this case.
At the opening of the OLED chamber, the pressure is lowest, and the pressure is highest inside the
vacuum chamber. As the suction is applied, air uniformly flows from all parts of the vacuum chamber
to the outlet. As a result, a vacuum is created inside the chamber.
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A parametric sweep is performed to vary a parameter systematically through a range of
values. These parameters vary according to the requirement. The purpose of changing the
values of the parameter is to study its effect on the outcome of the model. The primary
components of a parametric sweep include defined parameters, range, simulations, and
analysis. In a parametric sweep, the first step is to define the model and select the parameters.
After that, the simulation software is configured to run the iterations and execute the
simulations. The data obtained from the simulations is collected and analyzed using graphs to
interpret. The parametric sweep applications include design optimization, sensitivity analysis,
and overall evaluation of the performance of a model. The complex engineering models can be

optimized using a parametric sweep by varying the parameters and evaluating the results.
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Figure 24: Parametric sweep for pressure inside the OLED vacuum chamber. The X-axis indicates the
pressure defined at the outlet of the chamber. The Y-axis indicates the pressure inside the chamber.
As the suction pressure increases, the pressure inside the vacuum chamber decreases, indicating a
vacuum's creation.

In our case, the parametric sweep is done for the pressure inside the OLED vacuum
chamber using ANSYS software. The pressure varied from -25331.25 Pa to -202650 Pa to
observe the pressure inside the OLED vacuum chamber, as seen in Figure 24. It is clear from
the graph that as the outlet pressure for suction increases, the inside pressure decreases. The
minimum inside pressure is observed at -25331.25 Pa, corresponding to -0.00256 Pa inside the

vacuum chamber, while the pressure decreases to - 0.069125 Pa at -202650 Pa.
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6 Conclusion

This work extensively explores Organic light-emitting diodes (OLEDs),encompassing
their fundamental principles, device structure, operational mechanisms, common challenges,
and encapsulation strategies. A deeper understanding of their unique capabilities and
potential applications across the industry is attained by delving into the intricate physics

underpinning OLED operation, including electroluminescence and charge carrier dynamics.

The investigation into OLED degradation elucidates the factors contributing to device
performance decline over time, highlighting the importance of robust encapsulation
techniques and meticulous design considerations to mitigate these effects. The critical role
of precise pressure control in ensuring optimal design fabrication and performance is
underscored through comprehensive analysis and simulation of the OLED vacuum chamber.
Integrating computational fluid dynamics (CFD) simulation and detailed design
methodology offers valuable insights into pressure distribution dynamics within the

chamber, guiding the development of more efficient manufacturing processes.

Moreover, the investigation of System Operation Aeres as a tool for automating
deposition processes within the OLED vacuum chamber demonstrates the potential for
enhanced efficiency and reliability in OLED manufacturing. By streamlining process
executionand providing real-time control over deposition parameters, Aeres facilitates
greater flexibility and responsiveness in adapting to changing requirements and
experimental conditions. Integrating Aeres with the deposition system represents a
significant advancement in process automation and quality control, laying the groundwork

for future innovations in OLED manufacturing.

Looking ahead, several avenues for further research and development in the field of
OLED technology present themselves. Continued optimization of encapsulation techniques,
such as thin-film barriers and hybrid organic-inorganic materials, holds promise for
improving OLED devices' long-term stability and reliability. Additionally, advancements in
material sciences and fabrication processes offer opportunities to enhance device
performance, efficiency, and versatility. Research into novel materials with tailored
optoelectronic properties and innovative manufacturing approaches could pave the way for

developing next-generation OLEDs with enhanced functionality and durability.
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Furthermore, exploring emerging applications for OLED technology, including flexible
and transparent displays, solid-state lighting, and wearable electronics, opens new avenues
for innovation and commercialization. As OLEDs continue to evolve and mature, their
integration into various consumer electronics, automotive displays, and architectural lighting

systems is poised to transform how light is experienced and interacted with.



40

7 References

Alchaddoud, A., Canale, L., Ibrahem, G., & Zissis, G. (2018). Photometric and
electrical characterizations of large-area OLEDs aged under thermal and
electrical stresses./EEE Transactions on Industry Applications, 55(1), 991-
995.

Bauri, J., Choudhary, R. B., & Mandal, G. (2021). Recent advances in efficient emissive
materials-based OLED applications: a review. Journal of Materials Science,
56(34),18837-18866.

Fujimoto, H., Kobayashi, S.-i., Mo, H. W., Yukiwaki, S., Nagayoshi, K., Yasumatsu,
M., Harada, K., & Adachi, C. (2018). Vacuum chamber considerations for
improved organic light-emitting diode lifetime. AIP Advances, 8(8).

Fujimoto, H., Suekane, T., Imanishi, K., Yukiwaki, S., Wei, H., Nagayoshi, K., Yahiro,
M., &Adachi, C. (2016). Influence of vacuum chamber impurities on the lifetime
of organic light-emitting diodes. Scientific reports, 6(1), 38482.

Giovanella, U., Pasini, M., & Botta, C. (2016). Organic Light-Emitting Diodes (OLEDs):
working principles and device technology. Applied photochemistry: when light
meetsmolecules, 145-196.

Hong, G., Gan, X., Leonhardt, C., Zhang, Z., Seibert, J., Busch, J. M., & Brése, S. (2021). A
brief history of OLEDs—emitter development and industry milestones. Advanced
Materials, 33(9), 2005630.

Hong, Q. (2022). The working principle, application, and comparative analysis of OLED
andOPV. Highlights in Science, Engineering and Technology, 23, 34-37.

Hu, L., L1, J., Liu, J., Griiner, G., & Marks, T. (2010). Flexible organic light-emitting
diodes with transparent carbon nanotube electrodes: problems and solutions.
Nanotechnology,21(15), 155202.

Im, Y., Kim, M., Cho, Y. J., Seo, J.-A., Yook, K. S., & Lee, J. Y. (2017). The molecular
designstrategy of organic thermally activated delayed fluorescence emitters.
Chemistry of Materials, 29(5), 1946-1963.

Jeon, Y., Lee, H., Kim, H., & Kwon, J.-H. (2022). A review of various attempts at
multi-functional encapsulation technologies for the reliability of OLEDs.
Micromachines,13(9), 1478.

Jeong, E. G., Kwon, J. H., Kang, K. S., Jeong, S. Y., & Choi, K. C. (2020). A review

ofhighly reliable flexible encapsulation technologies towards rollable and



foldableOLEDs. Journal of Information Display, 21(1), 19-32.
Jou, J.-H., Kumar, S., Agrawal, A., Li, T.-H., & Sahoo, S. (2015). Approaches for

Fabricating high efficiency organic light-emitting diodes. Journal of Materials
Chemistry C, 3(13),2974-3002.
Jou, J.-H., Singh, M., & Tsai, Y.-F. (2017). Natural Light-Style Organic Light-Emitting
Diodes. In Handbook of Solid-State Lighting and LEDs (pp. 481-515). CRC
Press.
Kalyani, N. T., & Dhoble, S. (2015). Novel materials for fabrication and encapsulation of
OLEDs. Renewable and Sustainable Energy Reviews, 44, 319-347.
Kappaun, S., Slugovc, C., & List, E. J. (2008). Phosphorescent organic light-emitting

41

devices:working principle and iridium based emitter materials. International journal

of molecular sciences, 9(8), 1527-1547.

Kim, J. S., & Song, C. K. (2019). Textile display with AMOLED using a stacked-pixel
structure on a polyethylene terephthalate fabric substrate. Materials, 12(12),
2000.

Kreiza, G., Berenis, D., Banevicius, D., Jur§énas, S., Javorskis, T., Orentas, E., &
Kazlauskas, K. (2021). High efficiency and extremely low roll-off solution-and
vacuum-processed OLEDs based on isophthalonitrile blue TADF emitter. Chemical
Engineering Journal, 412, 128574.

Kwon, S.-K., Baek, J.-H., Choi, H.-C., Kim, S. K., Lampande, R., Pode, R., & Kwon,

J. H.(2019). Degradation of OLED performance by exposure to UV irradiation.
RSC advances, 9(72), 42561-42568.

Lu, Q., Yang, Z., Meng, X., Yue, Y., Ahmad, M. A., Zhang, W., Zhang, S., Zhang, Y.,
Liu, Z., & Chen, W. (2021). A review on encapsulation technology from organic
light emitting diodes to organic and perovskite solar cells. Advanced Functional
Materials,31(23),2100151.

Lu, S.-Y., Mukhopadhyay, S., Froese, R., & Zimmerman, P. M. (2018). Virtual screening
ofhole transport, electron transport, and host layers for effective OLED design.
Journalof Chemical Information and Modeling, 58(12), 2440-2449.

Mandle, G. (2010). OLED; What is it and How Does it Work? SMPTE Annual Tech
Conference & Expo, 2010,

Melpignano, P., Cioarec, C., Clergereaux, R., Gherardi, N., Villeneuve, C., & Datas, L.



42

(2010). E-beam deposited ultra-smooth silver thin film on glass with different
nucleation layers: an optimization study for OLED micro-cavity application.
OrganicElectronics, 11(6), 1111-1119.

Nakhosteen, C. B., & Jousten, K. (2016). Handbook of vacuum technology. John
Wiley &Sons.

Negi, S., Mittal, P., & Kumar, B. (2018). Impact of different layers on performance of

OLED. Microsystem Technologies, 24, 4981-4989.

Patel, B. N., & Prajapati, M. M. (2014). OLED: a modern display technology.
InternationalJournal of Scientific and Research Publications, 4(6), 1-5.

Popovic, Z. D., & Aziz, H. (2002). Reliability and degradation of small molecule-based
organic light-emitting devices (OLEDSs). /IEEE Journal of selected topics in
quantumelectronics, 8(2), 362-371.

Porada, Z. (2019). Selected Problems Related to the Durability of Organic Structures
(OLED). (2019).

Salehi, A., Fu, X., Shin, D. H., & So, F. (2019). Recent advances in OLED optical design.
Advanced Functional Materials, 29(15), 1808803.

Scholz, S., Kondakov, D., Lussem, B., & Leo, K. (2015). Degradation mechanisms and
reactions in organic light-emitting devices. Chemical reviews, 115(16), 8449-8503.

Shin, Y. H. (2018). OLED Encapsulation Technology. Flat Panel Display
Manufacturing,159-171.

Sun, N, Jiang, C., L1, Q., Tan, D., Bi, S., & Song, J. (2020). Performance of OLED
under mechanical strain: a review. Journal of Materials Science: Materials in
Electronics,31, 20688-20729.

Tsujimura, T. (2017). OLED display fundamentals and applications. John Wiley & Sons.
Utochnikova, V. V., Kotova, O. V., Vaschenko, A. A., Lepnev, L. S., Vitukhnovsky, A. G.,
& Kuzmina, N. P. (2012). Reactive chemical vapor deposition method as new
approachfor obtaining electroluminescent thin film materials. Advances in Materials

Science and Engineering, 2012.

Wang, Y., Liu, P., Wang, H., Zeng, B., Wang, J., & Chi, F. (2019). Flexible organic light-
emitting devices with copper nanowire composite transparent conductive electrode.
Journal of Materials Science, 54(3), 2343-2350.

Xu, M., Xu, J., Chen, H., & Wang, M. (2004). Nanoscale investigation of moisture-



43

induced degradation mechanisms of tris (8-hydroxyquinoline) aluminium-based
organic light-emitting diodes. Journal of physics D: Applied physics, 37(18),
2618.

Yamashita, K., Mori, T., & Mizutani, T. (2001). Encapsulation of organic light-emitting
diodeusing thermal chemical-vapour-deposition polymer film. Journal of physics
D: Applied physics, 34(5), 740.

Zhu, C. (2019). OLED Technology Research Progress and Prospects for Future Application.
IJERT, ISSN, 181-2278.



Appendices

3/29/24,12:28 PM ANSYS Report

2. Mesh Report

Table 2. Mesh Information for FLU

Domain Nodes Elements

oled 1108 433

oled_2 1206 550
oled_closing_strip 4403 4104
oled_enclosure 119645 99159
oled_enclosure_bottom 3390 2206
oled_enclosure_top 824 277
solid 6041 25555

All Domains 136617 132284
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4. User Data

Figure 1. Velocity Streamlines
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Figure 2. Pressure Contours
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3/29/24,12:28 PM ANSYS Report
Figure 3. Velocity and Pressure Distribution
Pressure Ansys

Contour 1 am

24493578
-30372.011

file:///Users/noumanqureshy/Downloads/Thesis-1/Thesis htm 13/13



