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Abstract 

In the research article, optical and electrical feature simulations of organic light-emitting diode (OLED) to 

comprehend the mechanics of EHP (electron hole pair) recombination and light generation from the OLED. Under 

simulation, OLED structure based on a heterostructure PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca, variations in 

anode voltage and anode current have been used to study the behavior of excitons linked to EML and ETL.The 

Holstein model has been used for the Alq3 (host molecule) and DCJTB(dopant molecule) spectra in electron 

transport and emissive layers to simulate the spectral features.Förster energy transfer between the host to the 

dopant materials investigated. Furthermore, this study takes into account the quenching processes associated with 

dopant concentration and electrodes. As a result, I-V characteristics, Langevin recombination rate, output 

spectrum power density, luminescent power,spectral luminous flux and spectral radiance are obtained. Based on 

the results, the operating voltage is around 3.7 V obtained. The proposed OLED has flexible light source for the 

emission of photons with a wavelength of approximately 560nm.Therefore, this study will provide some 

theoretical guidance for future development of host-guest materials in OLED. 

 Keywords:Alq3: DCJTB, ETL,EML,HTL, Recombination rate, Luminescent power, TCAD silvaco 

1. Introduction 

Pope and colleagues discovered organic electroluminescence (EL) as light emission [1]. In 1987, Tang et al. 

introduced a double-layer OLED device with reasonable luminosity at low bias voltage [2]. The structureof OLED 

is based on the principle of an electroluminescent, made of an active layer sandwich between metallic electrodes 

where a transparent electrode to emit light. In OLEDs the material with a self-luminous property is used that 

eliminates the need for a backlight. An active layer is made of small molecules or macro polymers that conduct 

electricity. This result Organic light-emitting diode (OLED) displays are thin compact,power-efficient, and ideal 

for portable applications [3]. It requires very little voltage i.e., only 2-10 volts. LCDs and OLEDs have their own 

merits and demerits they have their strength [4]. An OLED has a broad color range, good contrast, high resolution, 

(<5um pixel size) inside viewing angle, and low cost of material [5].Organic materials are used in this LED, which 

is manufactured without pesticides in an environmentally responsible manner. OLEDs are manufactured in a way 

that makes it is possible to attain a high level of customization. This includes the panel shape, size, and the number 

of individually programmable segments (including logos for branding). OLED has changed the human lifestyle 

by offering energy-saving sources with special features such as high contrast, high colour purity, high response 

speed, low consumption power, etc. It has become a premium technology for display and lighting and is powered 

by batteries.Due to its wide features, OLED is preferred more in morden lightning [6]. Some advantages of organic 

devices over other devices, such as LCDs, plasma, and LEDs: better colours and contrast, flexible substrate 

assembly, a 180-degree viewing angle, green technology (no heavy metal toxicity), fast response time, easy 

assembly, no infrared and ultraviolet radiation emissions, a high luminous efficiency, a long lifetime, colour purity 

that is superior, and simple production procedures are required for OLED applications. 
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Efforts are being made by researchers to create organic light-emitting diodes (OLEDs) with desirable properties 

such as low operating voltage, good stability, picture quality, durability, and readily available, inexpensive 

materials [7]. Some of the most recent OLED products to hit the market include bio-sensors, digital cameras, 

indoor lighting and mobile phones. However, producing OLED with acceptable electrical and optical properties 

to be employed as a lighting source and huge display panel remains problematic [8].Various research have been 

carried using employing approaches to suit the aforementioned parameters of OLEDs. Ritu et al. proposed the 

OLED by usingAlq3 polymer, generally referred to as“tris-(8-hydroxyquinoline)-aluminum” utilized as the 

ETL(electron transport layer) and emissive layer (EML) of OLEDs [9-10].Alq3 has emerged as a vital and popular 

alternative for OLED display devices and systems.Which can readily produce smooth films, and it has numerous 

unique qualities, like excellent electron mobility and thermal stability. The polymer Alq3 has demonstrated its 

significance in organic display systems, yet there are still certain disadvantages to the Alq3 layer. For instance, 

OLEDs with an Alq3 layer may experience device degradation as a result of localized chemical breakdown, 

leading to diminished performance over time.The previous literature has previously discussed a number of reasons 

why OLED devices degrade [11-13].The Alq3-Dy OLED was compared to the pure Alq3 OLED device that was 

made by Saeed [14].However, the 4-(dicyanomethylene)-2-t-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-

DCJTBOLEDs have also made use of -4H-pyran, a derivative of dicyanomethylene-4H-pyran (DCM), to fine-

tune their properties. It has been widely used in the manufacturing of red and white OLEDs.Researchers further 

demonstrate that dopingof DCJTB into the rubrene/Alq3 co-host matrix emitting system aids in the prevention of 

luminescence quenching at high drive voltages [15].The researchers Liu et al. were able to attain a current 

efficiency of 4.44 cd/A−1 in DCJTB emission by 2% doping of DCJTB into a bipolar mixed host that included 

tris(8-hydroxyquinolinato) aluminum(III) (Alq3) and rubrene [16].Using DCJTB red emitter and 2-methyl-9,10-

di(2-napthyl)anthracene (MADN), Lee et al. [17] developed red OLEDs to achieving the highest current efficiency 

achieved was 5.42 cm A−1 at 20 mA cm−2.  

However, it would be challenging for such a low efficiency to meet the demands of industry.Recent work by Zhao 

et al. describes extremely efficient red-light emitting organic light-emitting diode (OLEDs) fabricated from TCTA 

host materials doped with DCJTB, using 3P-T2T [18].Mustafa et al. conducting experimental investigations using 

solution and thin film techniques, as well as theoretical calculations, the electrical, optical, and spectroscopic 

properties of the DCJTB molecule were studied [19]. Tau et al. have replaced host material DPF for DCJTB-

based red OLEDs[20].A new study shows that DCJTB organic dye, which has good optical and physical and 

properties, to use in optoelectronic devices, and it's cheap[21].There has been evidence that using DCJTB as a 

dopant in Alq3 polymer significantly alters the material's constant current-voltage properties, charge carriers' 

mobility (i.e., electrons), and transient electroluminescence property of DCJTB basedOLED[22]. 

The potential for development in OLEDs is not limited to begin the creation of layers of OLED; rather, it is 

significantly impacted by the anode material employed. Varieties of materials, including modified ITO, 

PEDOT:PSS, PEDOT:PSS/GO, grapheme and graphene-oxide  composite, are employed as anodes.Many 

researchers are interested in organic optoelectronic devices made of polymers include PEDOT: PSS, which stands 

for poly(3,4-ethylenedioxythiophene) used as ETL[23]. Thesepolymersare employed in flexible devices and have 

ability to be mass-produced at a low cost. In organic photoelectric devices, the workfunction of PEDOT: PSS 

(5.1eV) is higher than that of ITO, hence the energy barrier between PEDOT: PSS and organic energy level is 

lower than that between ITO and organic layer.Because of the low energy level barrier, hole injection is possible. 

The visible-range transparency, mechanical flexibility, and thermal stability of PEDOT: PSS films are all quite 

high.Tiwari et al. investigates different multilayer structure of OLED using PEDOT: PSS/GO Composite 

Anode[24]. Sharma, G et al. investigated ITO/NPB/Alq3/Alq3:DCJTB/Ag OLED structure  to improve its 

conductivity[25]. Recently Yangyang Guo et al. GO/PEDOT: PSS hybrid anode used to improve its 

conductivity[26]. 

In this research using the Atlas silvaco program, the optoelectronic properties of 

PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/CaOLED that is based on a single quantum well heterostructure were 

examined. OLEDs using pure Alq3 as the electron transport layer (ETL) and Alq3:DCJTBas the emitting material 

(EML) were modeled. The OLED system makes use of three additional layers, a PEDOT: PSS anode, a NPB (N, 

N′-Di(1-naphthyl)-N, N′-diphenyl-(1,1′-biphenyl)-4,4′-diamine) as the hole transporting layer (HTL), and calcium 

(Ca) cathode.These layers were placed on a glass substrate, and the performance of these simulated devices was 

https://www.sciencedirect.com/science/article/pii/S0022286017301473#bib6
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examined.Proposed OLED shows a considerable improvement in operating voltage, efficiency, and brightness. 

Research on all these characteristics indicates that OLEDs based on heterostructure systems are effective in 

emitting bright radiation in the visible spectrum (about 500 nm). 

Device structure and Materials  

The layered structureand the schematic energy level diagram of OLEDs based on 

PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca structure shown in figure 1(a) and figure 1(b) respectively.  Where NPB 

represents the HTL, Alq3: DCJTB describes Alq3 which is EML is utilized as the host material for transient 

electroluminescence (EL).As a dopant polymer, DCJTB is use. In this case, the great quantum efficiency of the 

DCJTB is the reason for its adoption as a dopant in the EML [27]. Again, in this setup, the Alq3 is used as the 

ETL.This is due to the fact that Alq3, an organic polymer, exhibits superior stability and film-forming qualities.As 

a result, Alq3 has been widely used in EML as a host material in the manufacture of OLEDs, and in order to 

facilitate the transfer of electrons [28]. Anodes made of PEDOT:PSS and cathodes of Ca are being utilized.The 

entire thickness of construction of the device measures 120 nm. Table 1 also specified all of the layers that are 

employed in the OLED construction. Figure 1(b) shows the energy band diagram of the multilayer OLED 

proposed and consists of a metal cathode and a transparent conducting oxide anode interposed between organic 

thin layers (HTL, ETL, and EML). Organic materials are known as organic semiconductors because they can 

conduct electricity, but their conductivity can range from that of an insulator to that of a conductor. 

 

(a) (b) 

 

Figure 1(a), (b)The layered structure theschematic energy level diagram of OLEDs based on 

PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca structure 

According to Figure 1(b) to transfer the holes from the anode to the emissive layer.HOMO (Highest occupied 

molecular orbit) of HTL receives the holes inserted from the anode.It is located between the emissive layer and 

the anode layer.Similarly, the cathode (Ca) injects electrons into the LUMO(Lowest occupied molecular orbit) of 

ETL, which is located between the cathode and the active layer.The device emits photons of a specific energy 

through the process of recombination of electrons from the ETL and holes from the HTL in the active layer, which 

occurs when an external potential is applied across it.DCJTB doped with emissive layer, which helps to reduce 

electron mobility. The work function of outer layer (cathode and anode) is crucial to an OLED's operation[29]. 

To reduce operating voltage, the cathode work function must be lower than that of the anode.The emissive layer 

is the part of the device that generates light. It is the area where electrical energy is transformed into light.The 

ETL facilitates electron transport to the emissive layer, whereas the HTL facilitates hole transport to the emissive 

layer.The energy band diagram suggests that the PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca OLED has 
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aheterostructure of single quantum well with an EML that is similar to a quantum well area, which is the active 

region. 

Table1:Material parameter specifications of proposed PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca OLED 

structure. 

Parameters Alq3(ETL) Alq3:DCJTB(

EML) 

NPB(HTL

) 

PEDOT:PSS(

Anode) 

Ca(Cathode) 

Thickness(nm) 30 30 40 - - 

Accepter density,NA(cm-3) 2x1019 2x1019 2x1019 - - 

Donor density,ND(cm-3) 2x1019 2x1019 2x1019 - - 

Dielectric permittivity,εr 3 3.1 3.5 - - 

Electron affinity, χ (eV) 3 3 2.31 - - 

Bandgap, Eg(eV) 2.7 2.7 3 - - 

Electron mobility µn(cm2/Vs) 1.5x10-07 1.5x10-07 6.9x10-06 - - 

Hole mobility,µp(cm2/Vs) 9.16x10-10 9.16x10-10 2.60x10-04   

Workfunction(eV)    5.13 2.90 

 

4. Simulation Results and Discussions 

The heterostructureof OLED device was designed using the ATLAS tool from silvaco, an OLED meshing 

structure consisting of a number of grid points.The Langevin recombination distribution inside OLED structure 

in TCAD Tony plot isillustrated in figure 2.  

 

Figure 2: The Langevin recombination rate 
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The Langevin recombination coefficient models their combination rate to be opticalonly. The rate of Langevin 

recombinationis2.33x10+26 cm-3s-1 asshownin Figure2. Andfigure3 shows the recombination rate in microns along 

the device in relation to the distance 

traversed by the device. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Langevin recombination rate with respect to distance along the device 

Figure 4 depicts the electrical characteristics of OLED based on a single quantum well heterostructure and displays 

the current–voltage performance where operating voltage clearly shows a big improvement. Alsodisplays the 

simulated current (I) - voltage (V) characteristics.The current conduction is characterized by a robust, nearly 

exponential increase as bias voltage increases.The threshold voltage is found ∼3.7V  from this characteristic. In 

this OLED, the I-V characteristic is determined by both the interfaces, PEDOT:PSS/NPB and Ca/Alq3. Electrons 

are the predominant carriers on the ETL/Ca side, while holes are the main carriers on the HTL/PEDOT:PSS side. 

The turn-on voltage is thus caused by the majority carriers, which include both electrons and holes.In addition, 

adjusting these interface barriers allows you to modify the turn-on voltage.At higher operating anode voltages, 

minority carriers can play a large part in the total current, and so the contribution of minority carriers to the total 

current increases. 

 

 

Figure 4. Voltage-Current characteristic of PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca OLED. 
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The OLEDs based on the electroluminescencewhere the energy of electrical is transformed into optical energy 

through a series of connected processes that involve the two mechanisms:First, charge carriers are injected and 

transported. Second, strongly bonded electron-hole pairs (EHPs), sometimes known as "excitons," are 

formed.When these excitons undergo radiative recombination, the radiative energy is emitted as visible 

light.When these excitons undergo radiative recombination, the radiative energy is released as visible light.  

In majority of the studies on OLEDs, the behavior of excitons is not given much attention. This is the reason that 

excitonic devices are still in their early stages of development when compared to optoelectronic devices.The 

efficiency of device largly depends on formation, utilization and decay mechanism of these excitons. However, 

in Figure 5, the changes in excitons of the EML (emissive layer) material may be observed as the anode voltage 

and anode current change. Figure 5(a) shows that the EML excitons react exponentially to the anode voltage, 

whereas Figure 5(b) shows that they react linearly to the anode current. Nonetheless, regardless of anode voltage 

or current, the excitons of dopant material (DCJTB) of EML grow faster than the excitons of host material (Alq3) 

of EML.The action of excitons of the dopant (DCJTB) with variation in anode voltage or current demonstrates 

that it is the ideal material to use as a dopant in the host material of the EML.In the same way, Figure 6 shows the 

change in exciton development in ETL material under different anode voltage and  current conditions. Again, 

increasing the anode voltage increases the growth of ETL excitons exponentially, whereas increasing the anode 

current causes these excitons to expand linearly, as seen in Fig.7 (a, b). Nevertheless, regardless of the anode 

voltage and current, there is a continuous difference in density between ETL and EML excitons, as shown in 

Figure5  andFigure6.  

 

(a) (b) 

  

Figure 5(a),(b). EML excitons in ITO/NPB/Alq3:DCJTB/Alq3/Ag OLED. 

 

 

                       

 

 

 

 

 

 

(a)                                                                                                (b) 

 

Figure 6(a),(b). ETL excitons in ITO/NPB/Alq3:DCJTB/Alq3/Ag OLED. 
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The luminescent power of the OLED has also been investigated in relation to the anode voltage and current.In 

figure 7 (a ,b& c), we can see the optimized light-emitting diode (OLED) P-V and P-I curves. See Fig. 7 (a) and 

(b) for the luminous power exponentiallyvaries with anode voltage and linear response to current. This indicates 

that the intended OLED begins to glow at approximately 4 V. After that, the luminescent power increases 

exponentially as the anode voltage continues to rise. The OLED power is around  mW at the turn-on voltage (∼4 

V), whereas the higher voltage needed for full brightness is approximately 30mW. Figure 7(c) also shows the 

luminous power vs. cathode current. It was discovered that the luminous power of the OLED decreases linearly 

with the cathode current.  

 

(a)  

(b) (b) 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         (c) 

Figure 7. (a) Characteristics of Luminous Power versus with anode voltage(b)Luminescent power with 

anode current (c) Luminescent power with cathode current 
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An additional evaluation of the PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca OLED was performed to better 

understand its spectrum behavior. The output spectrum power density of the OLED is displayed in Fig. 

8(a).According to Fig. 8(a), the best output spectrum power density is received when the energy is around 2.1eV. 

Additionally, a hump has emerged, equivalent to energy of 2.4eV. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.Output spectrum power density as function of energy 

These wavelengths correlate to the green and yellow/orange colors. Because the maximum output spectrum power 

density is found with a strong peak at approximately 585 nm, it will dominate over 520 nm.Because of this, the 

radiation that this OLED will produce will have an orangey-yellow hue.The intensity change in the output 

spectrum power density at 585 and 520 nm may attribute to variation in exciton density.  

Figure 9 (a, b) shows a similar trend of fluctuation in spectral radiance and source PL (photo luminescence). The 

plot of the computed spectral radiance with respect to wavelength can be seen in Figure 9(a). 

 

 

 

 

 

 

 

 

 

Figure 9. (a) Spectral radiance and (b) Source PL of ITO/NPB/Alq3:DCJTB/Alq3/Ag OLED as a function 

of wavelength. 
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Figure 10. Spectral luminous flux of PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/CaOLED. 

 

Figure 10 depicts the spectral luminous flux of proposed OLED. The peak luminous flux in the visible zone, which 

is associated with a yellow/orange color, is approximately 565 nm, as seen in Fig. 10. The 

PEDOT:PSS/NPB/Alq3:DCJTB/Alq3/Ca OLED is well-suited for producing yellow light, as shown by the 

normalized intensity in the  illustration of Figure 10 

 

 

         (a)                                                                                                (b) 

Figure 11(a), (b) OLED spectral luminescence efficacy 

 

Figure 11 showsOLED spectral luminescence efficacy measures how well an OLED  turns electrical power into  

visible light at different wavelengths. It is critical for assessing OLED performance, especially color purity, energy 

efficiency, and brightness.Figure 11(a)illustrated that spectral luminescence efficacy in OLEDs is directly related 

to photon energy, as different wavelengths correlate to different energy level at around 2.0–2.5 eV and 500–600 

nm, green photons strike a compromise between efficiency and luminous efficacy as shown in  Figure 12(b), and 
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the peak spectral efficacy is observed at approximately 585 nm, and the peak hump is observed at around 520 nm.  

Conclusion 

A detailed analysis of optical and electronics properties of PEDOT:PSS/NPB/Alq3/Alq3:DCJTB/Ca 

heterostructure based OLED presented.The choice of host to be employed in a guest-host matrix for the Alq3 

emitter Alq3:DCJTB is presented.The excitons that are created in EML and ETL under different anode voltage 

and current conditions were investigated through this study.The Holstein model was utilized to investigate Alq3 

and DCJTB spectra in ETL and EML. The simulation results showed that the designed OLED had an operating 

voltage of approximately 4 V and the maximum luminous flux was attained in the visible region at around 565 

nm, which is a yellow/orange color. As a result, it is advised that contacts with matching injection capabilities be 

utilized for constructing efficient OLEDs, even if it requires a modest increase in the turn-on voltage. Research 

on all these characteristics indicates that OLEDs based on heterostructure are effective in emitting bright radiation 

in the visible spectrum (about 500 nm). 
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