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The paper reports electrical and optical characteristics of bilayer organic light
emitting  diode  structure, glass/ITO/MEH-PPV/PEDOT:PSS/Ag. The
optoelectronics simulation of the double layer OLED is performed using ATLAS
tool. Poly [2-methoxy-5-(2°-ethyl-hexyloxy)- 1,4-phenylene vinylene]) (MEH-
PPV) as an EL (emissive layer) and Poly (3,4-ethylene dioxythiophene) -poly
(styrene sulfonate)(PEDOT:PSS) as a ETL (electron transport layer) are used in
OLED. The behavior of electron transport layer, PEDOT:PSS studied, which
allows transfer of electrons from silver cathode(Ag) to the LUMO (lowest
occupied molecular orbital) of MEH-PPV. This increase in electrical injection
causes the electroluminescence to increase. In addition, the turn-on voltage of
proposed structure is reduced to ~3V. The maximum luminance with 1.9x10-18
W/um was obtained with MEH-PPV is doped with the p-type semiconductor for
the ITO/MEH-PPV/PEDOT:PSS/Ag structure at 10V. And also find the
recombination rate and how the anode current changes during short periods of
time (about ps).

Keywords: OLED, Atlas, TCAD Silvaco, Active layer, Electron transport layer,
PEDQOT:PSS, Simulation

1. Introduction

OLEDs (Organic light-emitting diodes) are devices that are suitable for future-generation
displays like OLED display with an OS/Si construction with two-dimensionally organized
drivers fabricated by (Kozuma et al., 2024).Organic light emitting diodes have garnered
significant attention from both scientific research and prominent consumer electronics
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companies due to their flexibility and high resolution (Lee et al.,2024), eco-friendliness, high
efficiency and ease of fabrication in an ambient temperature setting [Kuni¢ & Sego, 2012;
Negi & Kumar, 2018]. Recently magnetic field model for OLED screens and a 3D model for
analyzing current and magnetic fields developed [Wang et al., 2024]. Various junctions’
interfaces that are important in multilayered OLEDs for both electron and hole injection.
During the charge transfer process, these junctions act as obstacles. Here, these barriers lead
to increased operating voltages, decreased performance, and expedited OLED breakdown
(Xing et al., 2024; Lee & H., 2023). A lower interface barrier is desired for better injection of
the charge carriers is important for decreasing power consumption, because the currents are
regulated by both the charge transport surface and the charge injection. To emit light, OLEDs
necessitate the charge carriers injection from touching electrodes. From anode surface Holes
are injected, while electrons are injected from the metallic cathode; hole-electron couple are
subsequently recombined at the emission layer (Luscombe et al., 2021).

OLED is categorized as mono layer and double layer by layer count, where transportation,
recombination, and emission occur. An extended research added hole transport layer (HTL),
hole injection layer (HIL), electron transport layer (ETL), and electron injection layer (EIL)
for high-efficiency, high-speed devices. Researchers simulate single layer OLED with PVK-
PEDOT organic matrix [Mhamedi et al., 2023] and another predicted the electrical and optical
characteristics using P3BEdotBT3A, an organic substance, as the emission layer [El Karkri et
al., 2022]. An alternative method is provided by numerical modeling, which assesses how an
OLED's capacitive behaviour affects its correct operation. The first stage is to analyse the
operation of an OLED and an explanation of the capacitive phenomena, then proceed to a
present of their LT-Spice electrical model [Slimani et al., 2023].

Continuation of the expanding research that is being done on OLEDs. Researchers investigated
Al-NG complex-based OLED with PEDOT:PSS as hole transporting layer (Chouk et al.,
2021). The research outlining the background and methodology of the PEDOT: PSS synthesis
(Elschner et al., 2010). Because of its durability, exquisite electrical and optical qualities, and
importance in optoelectronic device technology. The PEDOT:PSS is conductivity polymer
that is the most widely used and successful. PEDOT:PSS is made up of two polymers. One is
Poly (3,4-ethylenedioxythiophene), often known as PEDOT, which is a conjugated polymer
with a positive charge and the second polymer is sodium polystyrene sulfonate (PSS), which
is sulfonated polystyrene (Gueye et al., 2020; Elschner & Ldvenich, 2011). PEDOT:PSS
placed between the cathode aluminium (Al) and the emissive layer (EML) MEH-PPV,
enhances carrier transportation (Hewidy et al., 2017). PEDOT:PSS has exceptional electrical,
optical, and mechanical properties, which widely employed in organic electronics research and
OLED applications for high efficiency. The two layers into touch and, consequently,
improving the device performance as well as managing the energy disparity between silver
and polymer MEH-PPV/(Scott et al., 1997; Kugler et al.,1999). MEH-PPV have potential a
high stability that allowing easy deposition of the top contact, application uses in inexpensive
printable electronics, flexible circuits, and large-area fields of electronic devices [Burroughes
et al.,1990; Sekitani et al., 2009; Briseno et al., 2006). However, the efficiency and the
conductivity of OLEDs is still far behind the real requirement to simulate. Thus, the more
efficient materials layers are highly desired.

This paper reports the simulation of OLED structure made of Glass/ITO/MEH-PPV/
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PEDOT:PSS/Ag. The TCAD silvaco tool used to simulate optoelectronics characteristics of
OLED. Two organic layers (MEH-PPV and PEDOT:PSS) are used between two electrodes
(ITO and silver). Taking into consideration the modelling of the suggested OLED structure
with MEH-PPV as the emissive layer and PEDOT:PSS as the electron transport layer. The
necessary computations have been executed to ascertain the anticipated electrical and optical
properties, including 1-V and J-V properties, the behavior of the charge density when biased
at 10V. MEH-PPV when added above to PEDOT:PSS, improves the performance of OLED
devices.

2. OLED structure specifications and operation

Basically, heterostructure based OLED structure is made of a transparent substrate material
such as glass, two electrodes (anode and cathode), organic and semiconductor materials such
as PEDOT: PSS represents the ETL. In proposed OLED structure as shown in fig.1(a),
PEDOT:PSS organic film is sandwiched between an active layer MEH-PPV, and Ag cathode.
Fig.1(b) is the energy band diagram of structure ITO/MEH-PPV/PEDOT:PSS/Ag. Where
MEH-PPV is used for carrier emission and PEDOT: PSS is used for carrier transportation. In
The transparent ITO (Indian tin oxide) anode usually uses for light visibility. This material is
also an excellent conductor with a high work function(4.7eV), which promotes hole injection
into the HOMO(-4.9eV) level of MEH:PPV.

|

LUMO
Ag(Cathode)
2.8eV LUMO
PEDOT:PSS(ETL) 3.6eV
N PEDOT:PSS
MEH-PPV/(EL) MEH-PPV
4.26eV
ITO(anode) _ o
4.7eV
e 4.9eV 520V
HOMO HOMO

Figure 1(a)ITO/MEH-PPV/PEDOT:PSS/Ag structure of OLEDs (b)Energy band diagram

Similarly Ag can be used to inject electrons into the LUMO (-3.6eV) of PEDOT:PSS. In the
application of external potential across OLED, Photons release a specific amount of energy in
the form of an exciton when there is a recombination of cathode electrons and anode holes.
However, the work function of the electrods (cathode and anode) is really important in
operation of OLED. [Udhiarto et al., 2017]. To decrease operating voltage, the cathode work
function must be lower than the anode workfunction. The core of the light-producing device,
the emissive layer is where the conversion of electrical energy into light occurs.

In the tablel. the layers that are utilized to form the OLED structure are illustrated.
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Table 1: Material parameters utilized during modeling (Kersenan et al., 2021)

Parameter MEH-PPV PEDOT: PSS
Thickness(nm) 50nm 50nm
Affinity, Eq(eV) 2.8 0.673
Hole Mobility,p, (cm?/V — s) 1x10° 40
Electron Mobility, tn(cm? IV — s) 1x10° 1
Relative Permittivity, & 3.0 2.2
Density of state for electrons, Nc(cm®) | 2.5x10%° 2.0x10%
Density of state for hole, Nv(cm™®) 2.5x10% 2.0x10%
Temperature, T (K) 300 300
Real Index 1.67 -

3. Simulating Method

In this paper 2-Dimensional Atlas simulator TCAD used. It includes a wide range of features
for emulating OLEDs. Step-by-step coding can be used for modling and simulation as shown
in figure 2. First mashing is done to form OLED structure using the Atlas syntax. The intervals
between a sequence of horizontal and vertical lines form a structural mesh. For precise findings
and model gain, a good mesh is essential.

~
(" Define Organic .
. L Define general
light emitting e
diode )

Define material

Material properties and

Define region

. and electrode
thickness

|

Doping levels of regions

(Work function, Mobility, Affinity, Relative permittivity, Doping

‘ Set parameter }
concentration)

-

“ Models and numerical method

J

(Poole-Frenkel mobility model, the Langevin bimolecular recombination
model)

Tony plot (Output
Visualization tool)

Figure 2: Simulation process of proposed OLED in ATLAS silvaco tool (A.U.S.,&Santa
Clara, 2016)
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The models Poole-Frenkel and the Recombination Langevin are described below in equations,
to fully understand the physical characteristics of organic devices,

—DELTAEN.PFMOB BETAN.PFMOB
E)= ex| + -GAMMA, PFMOB 1/ E
() = g X0 KTneff ( KTneff W]

_DELTAEP.PFMOB  BETAP.PFMOB
1 (E) = 1, exp( ~GAMMA, PFMOB), [E|

+
KTneff KTneff 77 e (2)

Where AEN.PFMOB = Energy required for activation in electron, AEP.PFMOB= Energy
required for activation in holes, peo(E)= mobility depend on field, peo= Mobility on zero field,
BN.PFMOB = Electron Poole-Frenkel factor, P.PFMOB= Hole Poole-Frenkel factor

The Langevin equation for the recombination rate coefficient is provided below equation:

E E
R_(x, y,t) = ALANGEVIN ALy (B)+ 14, (B)]
E E
Fo e ©
R (x, y.1) = ALANGEVIN Il @
grgo

Where ¢ is relative permittivity of medium, go is permitivitty of vacuum, A.Langevin is the
prefactore for the Langevin bimolecular recombination model. By default, the value of model
parameter, A.Langevin is 1.

The Langevin equation of the bimolecular recombination rate are shown in equation:
Rnp=r(xyt)(np-n? s (5)

The mobility model of Poole-Frenkel might lead to convergence issues because of its heavy
reliance on the electric field.

To improve the Poole-Frenkel model stability, the expression given below are used.

1
4y (E) = 1 1T T (6)
ﬂhpf(E)+/‘hlim(E)
pE = e ©

+
s (B) m, (E)
The Drift diffusion current Equation are given below
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9)

Where J. and Jn are charge densities, 1 (E) and e (E) are mobilities for electrons and holes,
D., Dn the coefficient of diffusion for electrons and holes respectively. The distribution of
singlet excitons is utilized to calculate the radiative rates of luminescence in an OLED. The
electron and hole drift diffusion equations, as well as the exciton continuity equations, are
solved in Atlas.

4, Results and Discussion

To determine the optoelectronics property of the ITO/MEH-PPV/PEDOT:PSS/Ag based
OLED structure, initially, the meshing structure is showing in Figure 3, where Ag and ITO
added with thickness of 10nm and MEH-PPV and PEDOT:PSS with 50nm thickness. Proper
meshing can also lead to electrical results.

The Langevin recombination rate for the OLEDs at 10V is given in figure 4(a),4(b). One of
the most fundamental aspects of light emission is the recombination rate of charge carriers.

ATLAS
Data from organicex01_1.str
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Figure 3 Meshing structure of ITO/MEH-PPV/PEDOT:PSS/Ag

The ability of electrons and holes to move freely and the permittivity of the materials are
essential to its operation. The recombination rate increases with the addition of more layers in
OLEDs with high permittivity. Increasing the pace at which electrons and holes recombine
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results in an increase in the production of excitons. Radiative recombination of injected free
carriers occurs in the ETL, from the interface, of the Emissive Layer (EML) ( S. Sato et
al.,2019). In such a scenario, the electron-transporting layer will be the primary location for
electron-hole recombination.

ATLAS Section 1 from erganicex01_1.str
Data from organicex01_1.str (5.000, -0.100) to (5.000 , 0.230)
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Figure 4(a) Langevin recombination rate (b) Langevin Recombination rate versus distance
along the OLED structure
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Figure 5. Voltage-current characteristics
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Figure 6. Electrical field versus anode current

The voltage (V)- current (1) characteristic of the OLED, mapped and observed in Figure 5.
The turn-on voltage of the OLED obtained approximately ~3.25 V, after this threshold voltage,
the electrical current increases rapidly. The energetic interface barriers, which control the
release of free holes into the recombination zone and the confinement of electrons in
PEDOT:PSS, also have a significant impact on the current. Figure 6. Shows the response of
anode current with electrical field. Figure 7 shows luminescent power 2.0x10-W/um with
anode voltage atl0volts obtained. The investigation is shows that multilayered structure of
OLED is promising technology to improve efficiency of OLED.

Similar, findings for the singlet exciton density shown in Figure 8 It is only possible to
anticipate radiative decay from a singlet exciton due to the fact that the Langevin
recombination leads to the creation of singlet and triplet excitons through the emission of
fluorescent light. The exciton diffuses from the high to low concentration, and will be
extended from the interface EL/ETL and forming the emitting zone [Wei, 2010].

The energy expression of exciton which emits a photon, the color of the light emitted may be
chosen (Hung & Chen, 2002):

AE=hcd A e (10)
where: A is the emission wavelength. h is the Planck constant (6.626.103*J.S)
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Figure 7. Anode voltage versus luminescent
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Figure 8. Illustration of exciton density power with transient time.

5. Conclusion

The work study the simulation of OLED ITO/MEH-PPV/PEDOT:PSS/Ag architecture and an
approach to numerical simulation of injection-limited OLEDs was proposed. Optoelectronics
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characteristics are determined by using OLED simulation with the Silvaco TCAD software.
The voltage-current characteristics, recombination rate, transient time relative to anode
current curve and the transient time versus exciton density curve are obtained. The model of
Langevin recombination consists of solving differential equations and explaining the
recombination mechanism, as well as hole and electron mobility. This could be ascribed to
PEDOT:PSS serving as ETL that improved the balance of electron and hole current. It resulted
in stability and luminescent power of the OLEDs. Additionally, enhance the electrical and
electroluminescence capabilities of the device. A significant challenge is the incomplete
understanding of the impacts on the electrical properties of organic optoelectronics,
equipment, including remove charge carriers after exciton dissociation.
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