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ABSTRACT 

Organic Electronics depicts a complete paradoxical working mechanism as compared to the 

conventional devices and provides an alternating platform to obtain flexible, lightweight, 

transparent, foldable device designs with satisfactory performance. These low-cost organic 

devices can be further realized in various applications which is quite impressive and motivating 

for the research community. The present work focuses on the designing of OTFT (Organic Thin 

Film Transistor), OLED (Organic Light Emitting Diode), and OPD (Organic Photo Diode) for 

performance improvement and analyses their usage for biomedical applications.  

The device structure plays a prominent role in comprehending its performance parameters. 

Therefore, these devices are analysed with respect to their structure to ameliorate the device 

performance. The conventional planar OTFT illustrates a decent current-voltage characteristics 

but these suffers from the limitations of grain boundary effect, large electric field requirements, 

and channel length constraints. A shorter length for the channel is very much needed to attain 

high performance TFTs. It helps in providing high drive current, fast switching, high 

transconductance, and good on-off current ratio (Ion/Ioff). However, the reduction in channel 

length is quite difficult due to lithographical constraints in planar TFTs. Therefore, a short 

channel vertical channel OTFT is proposed which contains channel length in nano meter (nm) 

range. The device exhibits a significant improvement in terms of threshold voltage (Vt), 

maximum drain current (IDmax) and saturation mobility (µsat) in comparison to planar device.  

The proposed vertical device (D5) consists of a vertical channel between source and drain that 

too with a ditch-like structure. The device witnessed a significant improvement of 44 and 24 

times for IDmax and µsat in comparison to the planar device (D1). Furthermore, five other vertical-

channel device structures (D2, D3, D4, D6 & D7) are compared. Out of these structures, the 

proposed structure (D5) shows remarkable performance in terms of IDmax (528 µA) and µsat 

(80.8 cm2/V.s). It exhibits an increment in IDmax by 44, 2.38, 6.4, 4.4, 44 and 3.59 times as 

compared to the other devices; D1, D2, D3, D4, D6 and D7, respectively. Additionally, the 

proposed device exhibits a significant improvement in µsat which is higher by 24.5, 2.67, 8.32, 

5.21, 73.45 and 3.6 times in comparison to D1, D2, D3, D4, D6 and D7, respectively. Further, to 

better understand the facts associated with high performance of proposed device, the vertical 

and horizontal cutline analysis is performed. A horizontal cutline is drawn at 5 nm below the 

source electrode and parameters; band energies, potential distribution, total current density, 
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electron/hole concertation are examined. The result of this analysis shows the strong gate 

control and small channel length as the primary attributes for performance enhancement. 

Further, focusing on the structural aspects, an organic LED structure is proposed to design an 

effective light emitter for bio-medical applications. In recent years, The OLEDs have been 

integrated spectacularly in large panels for display and biomedical applications. Different 

layers used in the OLED architecture witnessed a prominent role in its performance. Herein, a 

CGL (Charge Generation Layer) is utilized to enhance the carrier concentration inside the EML 

(Emissive Layer) in OLED. This layer consists of HAT-CN (hexaazatriphenylene-

hexacarbonitrile) material for electron and TAPC (1,1-bis[(di-4-

tolyamino)phenyl)]cyclohexane) for holes generation. In the proposed structure (L6), the CGL 

layer is incorporated outside of the EML which significantly enhances the device performance. 

The proposed design is compared with other five CGL/non-CGL based OLED devices (L1, L2, 

L3, L4 and L5).  

The proposed device showcased the luminescence and current values of 3636.3 cd/m2 and 0.44 

A, respectively. The obtained luminescence is about 16.8, 2.3, 1.7, 3, 1.6 times improved than 

that of L1, L2, L3, L4 and L5, respectively. Thereafter, an in-depth internal analysis is performed 

to better analyse the behaviour of device. The proposed device is analysed and compared with 

other mentioned devices in terms of Langevin recombination rate, electron concentration, hole 

concentration, band energy, total current density, electron affinity, hole QFL (Quasi-Fermi 

Level), conduction current density, potential distribution, and electron/hole mobility. The 

results depict that the CGLs generate excess charge carriers and enhance the carrier 

concentration within the EML layer. Consequently, the device luminescence is enhanced and 

validates the Langevin’s theory. Additionally, the energy levels of CGLs show a close match 

with the other adjacent layers, which further enhances the carrier movement from the 

electrodes. Thereby, the current density within the device is also improved. 

The OLED device witnessed a potential use as the light source in biomedical applications. 

However, the detection must be carried out by the OPD. Additionally, it is desired to realize 

both the devices on a single substrate for smaller size and efficient sensing. Hence, an efficient 

CGL based organic photo diode is designed and analysed to work as a suitable light sensing 

element. Organic photodiodes have emerged as better alternative owing to their flexibility, 

reduced dark current, thin active layer, and tuneable spectral responsivity during the last 

decade. In the proposed device, the CGL is incorporated to enhance the exciton interaction that 

leads in generating more free charge carriers and thereby augment the conduction. In this work, 
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the proposed device (P2) is compared with other four non-CGL (P1) and CGL (P3, P4 and P5) 

based devices.  

Another important aspect with CGL based devices is the position of this layer with respect to 

other layers. In the proposed device (P2), the CGL is placed outside the active layer in such a 

manner that HAT-CN is placed near acceptor and TAPC near donor layer. Consequently, the 

proposed device depicts a remarkable improvement and showcased fair enough values for 

photocurrent (134.2 nA) and dark current (10.2 nA). The photocurrent of P2 is increased by 34 

times in comparison to the reference device (P1). Also, on comparing with other CGL based 

devices; P3, P4 and P5, the photocurrent of P2 is enhanced by 1.6, 1.4 and 9 times, respectively. 

Further, the thickness optimization and internal analysis of the proposed device are also 

performed to better comprehend the role of layers in the OPD. The parameters; electron/hole 

concentration, electron current density, potential, conduction/valence band energy and electron 

QFL are observed and quantitatively compared. The results highlight an enhanced carrier 

generation due to exciton interaction with active layers and CGLs, leading to a high current 

generation. 

The integration of OLED and OPD devices is the best suitable combination for point-of-care 

diagnostic in the field of sensor applications. Also, the OTFT can be used as the driver. This 

work proposes the methodology for bio-medical applications using organic LED and photo-

diode to make an efficient, flexible, and low-cost sensor. The fluorescence-based detection 

methodology is presented and utilized in three medical applications; corona virus detection, 

heart rate monitoring, and ovarian cancer detection. Primarily, the materials for both OLED 

and OPD devices are modified to make these devices suitable for the detection of SARS-COV-

2 (Severe Acute Respiratory Syndrome Coronavirus-2) virus RNA (Ribonucleic Acid) inside 

human saliva sample. In OLED, the materials; DPVBi (4,4'-Bis(2,2-diphenylvinyl)-1,1’-

biphenyl) & BCzVBi (4,4'-Bis(9-ethyl-3-carbazovinylen)1,1'-biphenyl) are chosen for the 

EML layer so that the device can emit a light of 470 nm wavelength. In case of OPD, the 

materials; C60 and CuPc are considered for acceptor and donor, respectively. When the 

emission wavelength falls on the saliva sample, fluorescence emission takes place. For a 

normal person, this emission is in the range of 490 nm and correspondingly OPD produces a 

current of 37.2 mA magnitude. However, due to the presence of SARS-CoV-2 RNA, the 

emission from the infected person is in the range of 525 nm, resulting in OPD current value of 

63.5 mA. Thus, a healthy person can be differentiated from a Covid-19 infected patient.  
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Thereafter, in this work, a green color-based OLED is utilized for heart rate measurement. This 

OLED is based on the proposed device structure incorporating CGLs. The primary reason of 

choosing green color OLED is its wavelength which can be absorbed by the blood easily. Also, 

it has low penetration in the skin and thus provides better contrast signal. For OPD, the 

materials; C60 and CuPc are chosen for accepter and donor, respectively. The methodology is 

based on the fluorescence emission where green light with wavelength of 497 nm falls on the 

blood cells. Furthermore, a different intensity of the reflected wavelength is sensed by the 

photodiode.  

The methodology depicts that during the diastole, comparatively a higher current is produced 

by the OPD as the absoption by the blood cell remains less and reflection is more. On the 

contrary, the OPD provides low current values in the case of systole due to higher absorption 

of the green light as high volume of blood is available at this time. The proposed OLED exhibits 

current and luminescence values of 0.92 A and 8363.6 cd/m2, respectively and OPD 

demonstrates dark current and photocurrent of 10.2 and 174.5 nA, respectively. This 

methodology is also applied for multiple person’s and compared with some existing work in 

terms of excitation and detection wavelengths. 

The proposed OLED and OPD are also used for the detection of Ovarian cancer. As per the 

requirements, the QAD (4-(5,6-dimethoxy-1-benzothiophen-2-yl)-4-oxobutanoic acid) 

material is opted for EML (OLED) which is responsible for producing desired wavelength of 

350 nm. This OLED generates fair enough current density and luminescence values of 37.02 

mA/cm2 and 3636.38 cd/m2, respectively. Both these devices have the same structure as the 

proposed devices, only the material for specific layers are changed to match the need of the 

application. The OLED emits the target light beam of 350 nm which falls on the urine sample. 

Thereafter, the altered light beam is sensed by the photodiode and produces subsequent output 

current. For the healthy person, the reflection occurs at 420 nm and corresponding current 

attains the magnitude of 31.2 nA. Whereas, for a person having ovarian cancer, the emission 

spectra is in the range of 440 nm and subsequent current registers a value of 47 nA. Thus, the 

healthy human can be easily differentiated from a cancer patient. Furthermore, it is also shown 

that the proposed detection technique is applicable for multiple persons. The research 

conducted herein shows the effective utilization of organic devices for biomedical application. 

The investigation of OLED and OPD highlights their effectiveness to be used for non-invasive 

sensing applications. This further widens up the horizons for investigating organic devices in 

the field of biomedical applications.  
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CHAPTER – 1 

INTRODUCTION 

Recent advances in organic semiconductor-based devices owing to synthesis and development 

of novel high-performance OSCs (Organic Semiconductors) have spurred extensive progress 

in the domain of flexible electronics. The researchers have shown a lot of interest in this field 

and first organic thin film transistor was developed by the researcher at Mitsubishi Electric 

Corporation [1] in 1986. Thereafter, another successful organic device; organic light emitting 

diode was presented by Tang and Vanslyke [2]. The most attractive feature of organic devices 

is their flexibility. Also, these devices can be fabricated on unconventional substrates like cloth, 

plastic, glass, foil etc. which leads their realization over large area coverage.  

With the instigation of soluble OSCs, printed electronics became feasible, which leads to the 

low-cost large area electronic circuits. These devices can be realized using simple low-cost and 

low-temperature fabrication processes like spin coating, direct printing, dip coating transfer 

printing, polymer inking, drop casting, and inkjet printing than that of high temperature 

fabrication processes used in silicon-based technology. It became possible as OSCs are 

composed of carbon-based compounds which are flexible in nature and can be made into thin 

layers. Organic devices can be realized into many advanced applications like printable 

electronic circuits, medical T-shirts, electronic magazines, sensors, OLED displays, photo 

detectors, etc. Researchers have also explored their usage for biomedical applications which 

includes cancer detection, heart rate monitoring, oxygen monitoring, and haemoglobin 

detection. 

 

Fig. 1.1 Different electronic flexible devices based on organic semiconductors 
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The organic devices are suitable for applications where large area coverage is required at an 

effective cost. These devices have emerged as a suitable option for bendable electronics with a 

possibility of biodegradability. The OLED based displays have performed extremely well in 

terms of their efficiency, and market appeal. Flexible OLEDs can be folded without changing 

its functionality along with other characteristics of contrast ratio, wide viewing angle, and 

energy efficiency. Additionally, OPDs are also gaining a lot of attention because of their 

flexible and light weight nature. These devices have very good potential in providing flexible 

imaging arrangements and wearable health monitoring. Fig. 1.1 illustrates different organic 

devices that can be used in different electronics applications. 

This chapter is arranged in total eight sections. The introduction about OTFT and OLED is 

illustrated in Section 1.1 and 1.2, respectively. Further, the OPD is discussed in terms of its 

need and applications in Section 1.3. Different bio-medical applications using OLED, OTFT 

and OPD devices are highlighted in Section 1.4 and problem statement is incorporated in 

Section 1.5. Subsequently, Section 1.6 and 1.7 include research objectives and their 

methodologies, respectively. Finally, Section 1.8 comprises the thesis organization.  

1.1 ORGANIC THIN FILM TRANSISTOR 

The development of organic transistors turns out to be possible due to the advent of thin film 

technology. During last few decades, the performance of OTFTs has shown significant 

improvement [3, 4]. However, there is a lot of scope of improvement in terms of its 

performance. These devices have been used in multiple applications; such as, digital logic 

circuits, memory, driving elements for flexible touch screen displays, e-paper, smart card, etc. 

[6, 7]. The progress in OTFT technology is attributed to the improvement in materials synthesis 

technology, enhanced deposition techniques, and in-depth analysis of physical structure. 

Perhaps, in near future, organic electronics industry would produce biodegradable and 

disposable organic ICs [3]. However, this can be made possible only by circumvent the 

shortcomings of this device. In the OTFTs, the contact resistance and higher threshold voltage 

restrict the performance. Also, there is a need to achieve better charge carrier injection and 

shorter channel length [8, 9].  

Therefore, researchers have made several efforts in scaling down the dimensions of TFTs by 

keeping the electric field constant [10]. However, these methods are not enough to make 

significant improvement in cut-off frequency and transconductance of organic TFTs. On the 

other hand, by incorporating additional injection layer and decreasing the parasitic 
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capacitances, the fabrication becomes complex [11]. An appropriate way to improve the 

transconductance is to reduce the channel length. However, to obtain short channel device, 

some expensive patterning methods including stencil mask patterning and electron-beam 

lithography are needed [11]. But these patterning techniques increase the device cost. 

Additionally, these may not be suitable for OSCs as their structure can be disturbed and 

contaminated by processing at high temperature.  

Structural modification in the device provides a good alternative in these scenarios. The 

researchers have already used elevated gate, dual gate, cylindrical and multiple electrode 

structures to enhance the device performance. However, to reduce the channel length without 

using complex patterning techniques, vertical channel structure can be accomplished [12-14]. 

Therefore, in this work a high performance VOTFT (Vertical OTFT), that too with a unique 

structure is proposed. In VOTFTs; gate, source, drain, and semiconductor are arranged 

vertically which leads to a vertical channel formation instead of horizontal in other structures. 

The VOTFT consists of an ultra-short channel (in nano-meter) and thus can improve the device 

performance significantly.  

1.2 ORGANIC LIGHT EMITTING DIODE 

The OLED is the most demandable commercialized device in display industry. In addition to 

the advantages of organic devices, OLED based displays demonstrate high color contrast, wide 

viewing angle, an extensive color gamut, that results in unparallel image quality [15-17]. From 

the energy point of view as well, solid state devices perform extremely better, and hence the 

need of OLED is even more prominent [18]. The OLED also provides a high efficiency with 

varying lifetime depending on the material used for the color. For example, the lifetime is about 

80,000 hours for red, 40,000 hours for green and 7,000 hours for yellow. 

Researchers have used different methods to generate white light through OLED. However, the 

simplest of these is to use the three main colors; red, blue and green OLEDs. However, the 

field pertaining to blue OLED is still new and a lot of development is required. These blue 

emitters depict low stability, shorter lifetime and low efficiency as compared to green and red 

emitters. The development of effective blue emission materials is the primary way of 

developing these devices as materials affect the performance the most. Additionally, the EL 

(Electroluminescence) performance of these materials is required to be improved. The 

development of blue OLED can lead to an effective white light generation [19] that can deliver 

better light output with more uniformity as compared to the incandescent bulbs and compact 
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fluorescent lights [20]. Also, these devices are cost effective as these are realized utilizing low 

- cost techniques. The White OLED (WOLED) [21] uses less energy to produce a brighter light 

that could be more environment friendly in long run. 

Organic LEDs are fabricated by depositing thin films of OSC material between the electrodes. 

Once the proper bias is applied, luminescence is observed. The performance of OLED depends 

on the charge carriers being injected in the emission layer, and their probability of finding each 

other as per the Langevin’s theory for low mobility charge carriers. Therefore, to enhance the 

device performance, the researchers have utilized an array of layers to enhance the carrier 

injection within the device. The charge injection, charge transport and charge blocking layers 

have been utilized effectively to improve the device performance [22]. A lot of research is 

carried out with respect to these layers. The investigation shows that the addition of only basic 

layers cannot increase the device performance up to great extent and some other layers needs 

to be incorporated.  

Therefore, some novel layers; charge generation [23], spacer [24] and mixed interlayer [25] 

have also been explored. Out of these layers, investigation pertaining to CGL (Charge 

Generation Layer) is still ongoing. Therefore, the present research focuses on enhancing the 

device performance using these CGLs. The work intends to conduct the positional analysis of 

the CGLs. Since these layers generate and inject the charge carriers within the device, therefore, 

these are influential in enhancing the device performance in terms of EL emission [23]. 

These layers are a combination of an n type and a p type material. These layers generate 

electrons and holes, respectively, when the proper external voltage is applied. The generated 

charge carriers get injected into the emission layer and thus increase their concentration [26]. 

Higher the concentration of charge carriers in the EML (Emissive Layer), higher is the 

probability of these carriers finding the opposite type of carriers and recombining. Thereby, as 

per Langevin’s theory, emission within the device can be greatly improved.  

1.3 ORGANIC PHOTO DIODE 

Organic semiconductor based devices display a unique combination of polymeric materials and 

benefits of a semiconductor [27, 28]. These can also be used for the development of degradable 

electronic devices [29]. Researchers have started using these devices in biomedical applications 

as well. With the similar intent, OPD (Organic Photodiode) is explored in the present research 

work.  
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The conventional silicon-based photodiodes are very sensitive to a wide range of wavelengths 

(ultraviolet to in-red). On the other hands, organic semiconductor-based photodiode can 

particularly identify a designated range of light wavelengths and produces a corresponding 

current. This is possible due to their molecular design [30]. The materials used in OPDs can be 

altered chemically which leads to faster charge extraction and dynamic range adjustments [31]. 

The OPDs have been explored widely by various researchers using several techniques to 

improve the performance parameters including photocurrent, responsivity, dark current, and 

EQE (External Quantum Efficiency) [32-35].  

 

In this research work, OPD device is explored for possible utilization in the biomedical 

applications. The work focuses on possibility of using OLED and OPD on a single substrate. 

Therefore, to reduce the fabrication complexity, similar methodologies are opted for OPD that 

are being investigated for OLED. Thus, impact of CGLs on the structure of OPD is analysed. 

The performance improvement in the device is explored with respect to the positional variation 

of the CGLs. 

1.4 DIFFERENT BIO-MEDICAL APPLICATIONS USING ORGANIC 

ELECTRONIC DEVICES 

The portable and low-cost bio-medical devices are gaining a lot of attention in the market. The 

people want to be self-aware about their health and make a knowledgeable decision in this 

aspect. Organic devices being thin and flexible in nature [36, 37] provide an excellent candidate 

to be utilized for such applications. Additionally, these can be used to make wearable sensors. 

The OTFTs, OLEDs and OPDs; all three of them have been explored by researchers for 

different biomedical applications. The OLEDs have been extensively used in the large panels 

and high-quality displays. Recently, researchers have shown its utilization as a source of light 

as well to diagnose different diseases [38, 39]. Separately, OPDs have been explored a lot for 

the detection of light in biosensing devices [40]. The OTFTs have also not remained untouched. 

The nanoelectromechanical and microelectromechanical systems based technologies have been 

investigated along with organic transistor for some biomedical applications. 

Some of the applications wherein these organic devices have been investigated either in unison 

or separately are illustrated in Fig. 1.2. There are some instances, where all three devices 

(OTFT, OLED and OPD) have been used together in healthcare applications. These devices 

have become popular especially when non-invasive light-based detection is required. 
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Fig. 1.2 Different possible bio-medical applications using OLED-OPD integration 

The reason being high sensitivity and selectivity of these devices towards light. Additionally, 

being low power devices, these can be effectively used for portable applications. Therefore, the 

research work undertaken herein explores the possibility of using OLED and OPD devices in 

cohesion for biomedical application using light based non-invasive methods. These devices are 

investigated for the detection of SARS-COV-2 virus and Ovarian cancer. Further, prospect of 

measuring heart rate is also explored. 

1.5 PROBLEM STATEMENT 

The OLEDs have consistently depicted an increasing performance over the time owing to 

synthesis of novel materials. The OTFT has also illustrated satisfactory performance but still 

there is a scope of improvement. Their performance is mainly restricted due to high threshold 

voltage and contact resistance. Additionally, the injection barrier is also observed to be higher 

in these devices. Several methodologies have been applied to resolve these issues. The most 

prominent is to scale down the device dimensions while maintaining a constant electric field. 

Still, this has not resulted in significant outcomes. Additionally, reducing the device dimensions 

results in multiple short channel effects as well. The solution of these problems can be achieved 

by using VOTFT. In these vertical transistors, the source and drain are placed in a vertical 

arrangement resulting in small channel length often in nano meter range. The device mitigates 

a lot of short channel issues because of strong gate control. Moreover, due to the formation of 

short channel, the device performance in terms of threshold voltage and carrier injection can 

be improved significantly. 
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The OLED device is presently considered as the most sought-after device in display 

technology. However, their application should not be restricted to displays only. These are 

capable of generating extremely close values of wavelengths that results in a higher order color 

gamut. This property can be utilized effectively in numerous medical applications wherein the 

light-based detection is prominent. Using OLED in such applications can result in a high 

sensitivity and selectivity. However, inherently, OLEDs are not curated for such applications.  

Hence, the device development aspect should focus on enhancing and modifying the OLED 

performance with respect to the color of light and luminescence to tailor OLEDs for biomedical 

applications. Some efforts in this aspect have been undertaken wherein; the researcher have 

tried to enhance the device performance by either developing materials as per the requirement 

or altering the device structure. Both the methodologies are effective to improve the 

luminescence, current density and lifetime which are some aspects wherein OLED can be 

improved. Material related aspect is often highly limited and focuses on specific application. 

On the other hand, structural aspects are more generalized and the performance has shown 

improving trends. 

The researchers have explored utilization of different layers for device performance 

improvement. Some of these are charge injection, charge transport and blocking layers. 

However, these layers have been saturated for further enhancing the device performance. 

Therefore, some novel layers are investigated which include spacer layer, mixed interlayer (MI) 

and CGLs. These layers can also be incorporated in the OPD structure. This opens the 

possibility of fabricating both the devices on a single substrate. Since, these layers provide an 

opportunity to develop both the devices on a single substrate, therefore, a compact, low-power, 

and portable sensing device can be investigated for its effective use in bio-medical applications. 

This can impact the sensor technology drastically. At present, the silicon devices are used which 

often results in a higher cost. Contrary to this, the organic devices are flexible and robust in 

nature.  

An OLED–OPD device combination can effectively function as a biosensor for disease 

detection. When the light emitted from the OLED passes through a biological sample (such as 

blood, urine, or saliva), the elements present in the sample alter the properties of the transmitted 

light in terms of either intensity or wavelength. If these variations are efficiently detected and 

distinguished by a detector, the device can identify whether the sample is infected or affected 

by a particular disease or virus. This mechanism, along with the OLED’s flexibility, low 

operating voltage, and biocompatibility, makes such devices highly suitable for biomedical 



8 
 

sensing applications. The OLED-OPD combination can be further utilized for monitoring the 

heart rate, diagnosis for the cancer, and Covid-19 detection. The main aim of this work is to 

investigate organic devices OTFT, OLED and OPD in terms of their structure and layers 

utilization such that their combination can be explored for bio-medical applications.  

1.6 OBJECTIVES 

The primary goal of this research is to propose low power and high performance OTFT, OLED 

and OPD devices for biomedical applications. The novel structures are proposed and analyzed 

for these devices. Furthermore, the proposed devices are utilized for Covid-19 detection, heart 

rate measurement, and ovarian cancer detection. To carry out the whole research work, 

following four objectives are formulated: 

Objective 1: 

Design and structural analysis of high performance flexible vertical thin film transistor and 

comparison with existing OTFTs. 

Objective 2:  

Investigation of charge generation layers and positional analysis for performance improvement 

of OLED and OPD devices. 

Objective 3:  

Covid-19 disease detection using proposed OLED, OPD and OTFT devices.  

Objective 4:  

Characteristic analysis of proposed OLED and OPD devices with selected materials and their 

utilization for heart rate monitoring and detection of ovarian cancer. 

To attain these objectives, the systematic methodologies are followed, encompassing both 

analytical and experimental perspective. The methodologies are aligned with the overall goal 

of this work so that the objectives can be effectively addressed and assessed. 

1.7 OBJECTIVE-WISE METHODOLOGY 

The following methodologies are followed to attain the formulated objectives: 

Methodology for Objective 1 

To accomplish objective 1, firstly, a novel structure of short channel vertical TFT is proposed. 

The efforts have been made in the direction to achieve high performance by incorporating some 
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structural variation in an existing vertical structure. The proposed structure demonstrates 

improved performance in terms of Vt, IDmax and µsat. This device is further compared with six 

other devices having planar and vertical structures. Additionally, for better understating the 

facts associated with the performance enhancement, horizontal and vertical cutline analysis of 

proposed device is also incorporated. 

Methodology for Objective 2  

In this objective, the OLED and OPD devices are explored for further utilization in the bio-

medical applications. First, a new structure of blue OLED device with CGL is proposed. The 

novel structure is deeply investigated and compared with other five similar devices. Moreover, 

detailed internal analysis is also incorporated to understand the device physics on the basis of 

different parameters. These parameters are hole/electron concentration, recombination rate of 

charge carriers, electron affinity, conduction current rate, band energies, hole QFL, acceptor 

trap density, ionized density, net doping and hole/electron mobility.  

Next, for the purpose of detection, a high performance CGL based organic photodiode is 

proposed and compared against the reference non CGL based device. The proposed structure 

is also compared with three other CGL based structures. This work also incorporates the 

thickness optimization of the proposed devices. Additionally, internal device analysis is 

performed using the vertical cutline methodology. Herein, important internal device 

parameters: electron/hole concentration, electron current density, potential, conduction/valence 

band energy and electron QFL are investigated and compared to establish details for better 

performance outcomes. 

Methodology for Objective 3 

This objective aims to investigate utilization of OLED and OPD devices to develop a portable 

sensor for Covid-19 detection. Herein, the OLED is utilized as the light emitter whereas, the 

OPD is utilized as light detector. First, the light from OLED falls on the saliva sample which 

excites the sample and fluorescence emission occurs. This emission takes place at different 

wavelengths for the presence of SARS-CoV-2 DNA (Deoxyribonucleic Acid) and the normal 

person. This difference in emission wavelength is detected by the OPD. Subsequently, the OPD 

produces different current values at two different wavelengths, which helps in detecting the 

Covid-19.  
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Methodology for Objective 4 

Herein, the goal is to depict utilization of novel OLED and OPD devices for monitoring the 

heart rate and detection of ovarian cancer. For heart rate measurement, the detection 

methodology is based on the emission of wavelength from OLED and detection of reflected 

light by the OPD. A target light beam is emitted from the OLED and falls on the human blood 

tissues. Some of this light is absorbed by the blood and the reflected light is detected by the 

photo-diode. Correspondingly, a photo current is produced which reflects the variation in heart 

rate. A high current is achieved for lower heart rates and vice-versa. 

For ovarian cancer detection, a light beam from organic LED is used to excite the urine sample. 

The urine sample emits a fluorescence light at a specific wavelength. However, for an ovarian 

cancer patient, the wavelength of fluorescence emission is altered. This is due to the presence 

of specific compounds found in the patient’s urine sample. The variation in light emission 

wavelength is detected by a photodiode. Thereby, two different photo currents are produced by 

the photodiode. Accordingly, ovarian cancer is detected based on the produced currents. 

1.8 THESIS ORGANIZATION 

The complete thesis is arranged in seven chapters. Primarily, a brief introduction based on the 

concerned issue and motivation behind the study is included in each chapter. Conjointly, the 

key observations are outlined at the end. A concise overview of each chapter is outlined as 

follows – 

Chapter 1: Introduction 

This chapter focuses on introducing the field of organic electronics and important 

characteristics of OSC based devices are discussed. The current progress in the organic 

electronic devices; OTFT, OLED and OPD is demonstrated and the areas wherein the gaps are 

required to be addressed are highlighted. The chapter also includes the objectives and their 

methodologies for the research work. The chapter concludes with an organization of complete 

thesis work as well.  

Chapter 2: Literature Review 

In this chapter, a detailed literature review for the OTFTs, OLEDs and OPDs is presented. A 

chronologic advancement for these organic devices is shown to highlight the systemic progress 

made so far. OTFTs are investigated in terms of Vt, IDmax, Ion/Ioff and µsat to understand the 

methods deployed for their enhancement. Moreover, OLEDs are also explored in terms of 
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different performance parameters; EQE, luminescence and current density. Furthermore, the 

various OPDs are reviewed in terms of material used in various layers, dark current and 

photocurrent. The attempts are made to observe the performance of organic electronic devices 

based on fabrication techniques, different structures, dimensional parameters, materials for 

different layers and their vital usage. Based on the review, the technical gaps that need to be 

mitigated are highlighted.  

Chapter 3: Short channel flexible vertical organic thin film transistor 

In this chapter, the performance enhancement of organic TFT based on the structural 

modification is analysed. Herein, a vertical channel based TFT having ditch in the dielectric 

filled with semiconductor is proposed which is further compared with six different planar and 

vertical organic transistors in terms of Vt, IDmax, Ion/Ioff and µsat. The chapter also includes the 

internal device analysis using horizontal and vertical cutline to understand the facts for 

performance improvement and the parameters; band energies, potential distribution, current 

density and electron/hole concentration are demonstrated.  

Chapter 4: Characteristics performance analysis of improved multilayered OLED and 

OPD devices 

In this Chapter, the charge generation layer based blue OLED is proposed. This device is 

compared with five other CGL and non-CGL based devices in terms of current and 

luminescence. Furthermore, a CGL based OPD is designed using the similar methodology for 

its performance enhancement. This OPD is compared with four other devices in terms of photo 

current and dark current. In addition to this, cutline analysis is performed for both OLED and 

OPD to understand the device behaviour. Thickness optimization is carried out for the proposed 

OLED and OPD devices to achieve the best results. The chapter highlights the possibility of 

integrating OLED and OPD devices on a single substrate for the development of low-power, 

low-cost portable sensors. 

Chapter 5: Covid-19 detection using proposed OLED, OPD and OTFT devices                                                                                                             

In this chapter, the light-based detection methodology for the Covid-19 is discussed. An in-

depth investigation is performed on proposed OLED and OPD devices to develop a sensor 

suitable for the detection of SARS-COV-2 virus RNA by analysing human saliva sample. The 

presented methodology is based on the fluorescence detection. Further, it investigates the 

utilization of the OTFT for driving the OLED. Finally, OPD is explored for the detection of 

Covid-19 in different persons with varying attributes. 
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Chapter 6: Heart rate monitoring and ovarian cancer detection using OLED and OPD 

devices 

In this chapter, the methodologies for heart rate monitoring and fluorescence -based ovarian 

cancer detection using combined arrangement of OLED and OPD are discussed. The OLED 

and OPD are modified in terms of CGL and active layer’s materials to make these devices 

suitable for the detection. These methodologies are also investigated for multiple persons. 

Further, a comparison of the proposed work with other reported work is also highlighted. 

Chapter 7: Conclusions and Future Scope 

In this chapter, a comprehensive discussion of significant outcomes of the proposed work is 

summarized. Conjointly, some of the essential future directions are highlighted for further 

research to be carried out in the field of low-cost organic electronics. 

The chapters are followed by the list of references referred to carry out this research work. 

Afterwards, all the research papers (published, submitted and under progress) based on the 

research work are listed. 
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CHAPTER-2 

LITERATURE REVIEW 

A gradual and noteworthy advancement on the organic electronics front has been endowed with 

an alternative design platform, especially in the application areas of large area displays and 

flexible analog/digital circuits. Over the last few decades, significant research and development 

have been witnessed for the organic material-based devices, motivated by the need of bio-

medical applications. These advancements in performance are credited by introducing novel 

structures, layers, materials, and fabrication techniques. In this chapter, these organic devices; 

OTFT, OLED and OPD are reviewed in terms of their performance parameters, structural 

advancements, materials, and applications.  

This chapter is arranged into six different sections. In Section 2.1, the OLED device is explored 

in terms of structural diversity, performance improving techniques, parameters and materials. 

Afterwards, in Section 2.2, the literature review based on OTFT is incorporated. This section 

covers different aspects of TFTs in terms of working mechanism, structure, performance 

parameters and materials. Furthermore, organic photo diode is discussed in Section 2.3. 

Thereafter, different solution processing fabrication techniques for these organic devices are 

discussed in Section 2.4, while Section 2.5 highlights different applications based on OTFT, 

OLED and OPD devices. Finally, in Section 2.6, the research gaps are framed.  

2.1 STRUCTURAL DIVERSITY, PARAMETERS AND IMPROVEMENT 

TECHNIQUES FOR OLED 

Electroluminescence in organic materials was first observed by Andre Bernanos in 1950 [41] 

and first direct current electroluminescence under Vacuum on crystal of anthracene was 

observed in 1963 [42]. Later in 1965, W. Helfrich and W. G. Schneider [43] have developed 

double injection recombination electroluminescence through hole and electron electrodes in an 

anthracene crystal. Subsequently, the first organic light emitting diode was reported in 1987 

using a two-layered structure with ETL/HTL (Electron/Hole Transport Layers) for 

recombination of carriers [44].  

The OLED based displays have witnessed most promising outcomes owing to better display 

quality, flexibility, wide viewing angle and varieties of colors. With the instigation of soluble 

OSCs, printing electronics became feasible in a similar approach as to print on a paper. Organic 

LEDs can be processed near the room temperature, thereby promising to produce low-cost 
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large area flexible displays. These organic LEDs exhibit low power consumption, high contrast 

ratio, faster response time and good luminescence characteristics.  

2.1.1 Basic structure and working principle of OLED 

The organic LED is an electronic device that comprises emissive and conducting layers, as 

shown in Fig. 2.1. These layers are sandwiched between the anode and cathode electrodes. 

These layers contain thin organic materials, which are often less than 500 nm [45] and a bright 

light gets generated on biasing. In general, carbon-based materials are used to form the layers, 

wherein, the brightness and color can be enhanced by altering the properties of these materials. 

Also, these devices are energy efficient as OLED displays do not require backlighting due to 

their self-luminous nature.  

 

Fig. 2.1 Conventional basic structure of OLED 

In OLEDs, the process of light emission is categorized in 1) injection, 2) transportation, 3) 

recombination, of charge carriers and 4) light emission. First, the electrons and holes get 

injected into the LUMO (Lowest Unoccupied Molecular Orbital) and HOMO (Highest 

Occupied Molecular Orbital) levels from cathode and anode, respectively [46]. These energy 

levels act like conduction and valence band, respectively. The work function difference 

between the electrode and OSC plays an important role for the injection of charge carriers. 

Further, these carriers move towards the OSC and within the EML [47]. This recombination of 

electrons and holes leads to the generation of energy in the form of photons and light is 

produced [48].  

Sometimes, recombination does not occur within the EML due to mobility difference in the 

holes and electrons [49]. Thus, the major recombination takes place in the vicinity of cathode 

only, as the mobility of holes is usually higher than that of electrons in organic materials. This 

problem can be resolved by incorporating transport, injection and blocking layers in the OLED 

structure [50, 51].  The ETL/HTL get utilized for high carrier’s recombination however, 
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sometimes these charge carriers do not inject properly due to energy barrier between these 

layers and electrodes [52, 53]. Therefore, the electron/hole injection layers (EIL/HIL) are 

introduced. These layers form an intermediate energy level between the HOMO/LUMO and 

the work function of the electrode and thus liable to reduce the energy barrier. In general, holes 

move faster than the electrons and reach to the EML early [54] due to their higher mobility. To 

restrict the movement of holes and match with the mobility of electrons, HBL (Hole Blocking 

Layer) is incorporated.  

 

Fig. 2.2 Multi-layered structure of OLED with holes/electrons injection and transport layers 

A multilayered OLED structure is shown in Fig. 2.2, where electrons and holes traverse to the 

EML through respective injection and transport layers. These electron and holes recombine in 

the EML and produces energy in the form of photons. In addition to these layers, some more 

layers are introduced by the researchers to augment the performance of OLED devices. These 

layers include mixed interlayer (MI) [23], CGL [24] and spacer layers [25].  

2.1.2 Structural diversity for OLED 

The device structure plays an important role to improve the performance of OLED devices. 

Different structures like top-emitting, foldable and transparent OLEDs are proposed by 

researchers to achieve good performance in terms of efficiency, current density and durability 

[55]. There structures are discussed in details in the following sub-sections.  

a. Top-emitting OLED 

Top-emitting organic LEDs (TEOLEDs) are invariably utilized in active-matrix OLEDs as 

thin-film transistors can be implanted under these OLEDs [56]. The researchers have preferred 

ITO (Indium Tin Oxide) anode-based OLEDs for the credit and debit cards [57]. Figure 2.3 

illustrates different structures for a) top, b) inverted top and c) bottom emission OLEDs. The 

top emitting OLED shows strong microcavity effects because of the reflective contacts at both 
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sides (bottom and top) [58]. In bottom emitting OLED, the light is emitted via transparent 

bottom contact of ITO.  

 
       (a)                                                (b)                                            (c)  

Fig. 2.3 Different structures for a) Top, b) Inverted top and c) Bottom emission OLED 

In 2017, Qu et al. [59] demonstrated a transparent conductive oxide and scattering grid-based 

top-emitting green OLED that led to an improvement of 30% for external quantum efficiency. 

Further, Liu et al. [60] in 2018, used mixed interlayer of Poly (9-vinylcarbazole) and Poly [(9, 

9-dioctylfluorenyl-2,7-diyl)-co-(4,4′-(N-(4-secbutylphenyl) diphenylamine))] (TFB) between 

emitting layer and the PEDOT:PSS (poly(3,4-ethylenedioxythiophene) polystyrene 

sulphonate) electrode to significantly improve the hole injection from the electrode. Research 

reports demonstrate a variety of materials opted for different layers and use of mixed interlayer 

to enhance the performance of TEOLEDs. 

b. Foldable OLED 

The foldable OLEDs can be realized using flexible substrate and are liable for big screen curved 

televisions, GPS devices, mobile phones, etc. These OLEDs are benefited in terms of high 

contrast image, faster response time and crisper resolution. Figure 2.4 shows the top view of 

prototype model. If the scan drivers of high bending resistance are placed on both sides of the 

display, then the display can be bent parallel to the flexible printed circuit and IC area. Some 

reported foldable displays with their specifications are summarized in Table 2.1. In 2015, 

Takahashi et al. [61] designed a 13.3-inch, 8K×4K, 664-ppi, high-resolution foldable organic 

LED display using crystalline oxide semiconductor FETs. Afterwards, Watanabe et al. [62] 

reported an 8.67-inch foldable display complying with an in-cell touch sensor. 
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Fig. 2.4 Top view of prototype model of foldable OLED 

Table 2.1. Comparison of three reported foldable displays  

Aspect Takahashi et al. [61] Watanabe et al. [62] Idojiri et al. [63] 

Screen size 13.3 inches 8.67 inches 13.3 inches 

Driving Method Active matrix Active matrix Active matrix 

Number of 

effective pixels 
4320×RGB×7680 1080×RGBY×1920 4320×RGB×7680 

Pixel pitch 12.75 µm×RGB×38.25 µm 0.100 mm×0.100 mm 12.75 µm×RGB×38.25 µm 

Pixel density 664 ppi 254 ppi 664 ppi 

Aperture Ratio 40.1% 46.0% 44.3% 

Pixel arrangement RGB stripe RGBY checker RGB stripe 

Source driver Chip on glass Chip on film Chip on film 

Scan driver Integrated Integrated Integrated 

Here, the OLED and sensors were able to work appropriately even after 105 folding operations 

including 5 mm as the radius of curvature. Further, in 2019, De et al. [64] proposed a 3-D touch 

sensor technology. It included pressure sensitive adhesive and transparent layer to permit a high 

resolution static/dynamic pressure sensing. Further in 2020, Zhang et al. [65] developed a 17.3-

inch wide quad high definition foldable AMOLED (Active-Matrix OLED) display with 10-bit 

depth.  

c. Transparent OLED 

These OLEDs are transparent in nature and one can see through these devices as photons can 

travel in both directions. The technology used in these OLEDs is Passive-Matrix OLED/ 

Active-Matrix OLED. These devices exhibit good contrast even in bright sunlight and are used 

in laptops and mobile phones [66]. Figure 2.5 shows a see-through image of a transparent 

OLED. To determine the display region, Qin et al. [66] formulated the calculation; 

DL×B1/(B1+B2) on the basis of diffraction lens aperture DL, background distance B1 and 

viewer distance B2. In 2017, Shu et al. [67] introduced an ITO-free, inkjet-printed transparent 

organic LED, wherein, high emission brightness with PEDOT:PSS and ITO were obtained as 

16,000 cd/m2 and 50,000 cd/m2, respectively. 
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Fig. 2.5 Architecture of transparent OLED 

Further, Tsai et al. [68] reported a flexible T-OLED (transparent-OLED) with FlexUPTM 

technology, wherein, a flexible EC (Electrochromic) shutter was placed (as a light blocking 

layer) behind the T-OLED to improve the ambient contrast ratio. Total transmittance of T-

OLED/EC was reported as 54.2%. In 2020, Song et al. [69] demonstrated a highly reliable and 

transparent cathode for T-OLED applications. The silver (Ag) and aluminum (Al) metals were 

utilized for the fabrication of cathode by thermal evaporation. The current efficiencies of T-

OLED were obtained as 18 and 36 cd/A from top and bottom sides emission, respectively. 

In conclusion, top-emission flexible OLEDs are ideal for biomedical applications as they 

provide high brightness and efficient light extraction of top-emission designs with the 

mechanical adaptability of foldable devices. Compared to transparent OLEDs, these offer 

superior light output without compromising spectral control that too with their realization on 

the wearable substrates. This combination of efficiency, spectral precision, and mechanical 

versatility makes top-emission flexible OLEDs particularly suitable for sensitive and 

miniaturized biomedical sensors. A variety of materials is reported for different layers and 

mixed interlayers can be used to enhance the performance of TEOLEDs. 

2.1.3 Characteristics parameters of OLED 

The applicability of a device is determined by quantitative means for performance parameters 

and electrical characteristics. Essential perquisites for a good OLED include a high magnitude 

for luminance, current density, current efficiency and power efficiency. These parameters are 

greatly affected by position of different layers, work function difference of adjacent layers and 

nature of material. Different performance parameters and techniques for their improvements 

are discussed in the successive sub-sections.   
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a. Luminescence 

The intensity of light emitted per unit area is defined as luminescence [70]. The luminescence 

depends on excitation of the system and subsequent emission of the photons. In case of OLED, 

the luminescence depends mostly on the type of organic material, color of light, and supply 

voltage. In 2015, Gomez et al. [71] reported adenine material for hole injection layer. The 

maximum luminescence was improved from 12,500 to 45,000 cd/m² on glass due to better hole 

injection. 

In 2018, Zhuo et al. [72] reported a white OLED that showed a luminescence of 9296 cd/m2 

with RGB (Red-Green-Blue) in double light emitting layer. Furthermore in 2020, Klein et al. 

[73] utilized Copper (I) and Silver (I) complexes with a new type of Tridentate N,P,P-Ligand 

and achieved a luminance of 10,000 cd/m2 for green OLED based on compound 8 having 2 

wt% concentration. This luminescence was higher as compared to other devices with 4 and 8 

wt% concentrations. Further in 2020, Zheng et al. [74] utilized a host material; 3,5-bis(N-car-

bazolyl)benzene into organic layers to enhance the efficiency of inkjet-printed blue OLED. 

With this material, luminescence was improved by 5 times and achieved as 3743 cd/m2. These 

reports illustrate a strong luminescence dependence on the electrode and the materials of 

different layers (emissive, electron/hole transport, and electron/hole injection) and 

improvement is observed even changing their concentrations.  

b. External Quantum Efficiency  

The ratio of number of emitted photons to the total electrons is known as external quantum 

efficiency. In 2012, Park et al. [75] incorporated a twisted material using anthracene with 

xylene, wherein, the EQE was obtained as 5.26%. Thereafter, in 2016, Rajamalli et al. [76] 

utilized blue TADF (Thermally Activated Delayed Fluorescence) emitters of BPy-pC 

(carbazolyl), BPy-pTC (tert-butylcarbazolyl), BPy-p2C (dicarbazolyl) and BPy-p3C 

(tercarbazolyl). The device using BPy-p3C dopant showed the maximum EQE of 23.9%. This 

value was almost 6 times higher than the EQE of device having BPy-pC dopant. In 2020, Han 

et al. [77] reported extremely high efficiency of 103% by using light extraction layer with high 

refractive index. Additionally in 2021, Lu et al. [83] developed a pair of chiral green Ir(III) 

containing dual stereo chiral centres and achieved the maximum EQE of 30.5%. Here, the 

researchers tried to resolve the challenges of CP-OLEDs using chiral emitters which provided 

high phosphorescence quantum yields and circularly polarized luminescence property. 
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Table 2.2. Comparison of different existing OLEDs in terms of luminescence and EQE during last decade 

Year Ref. Luminescence  

(cd/m2) 

EQE (%) Observations 

2024 [78] - 10 The EQE was improved as the hybrid local and charge 

transfer mechanism utilized both singlet and triplet 

excitons. This minimizes non-radiative losses in Near-

Infrared fluorescence and exceeded the exciton usage limit 

of traditional fluorescent emitters. 

2023 [79] 69311 10.3  Aggregation-induced emission mechanism prevented 

quenching and ensured strong luminescence in the solid 

state, which is essential for blue OLEDs. 

The emitter exhibited intrinsically strong radiative 

efficiency due to high photoluminescence quantum yield 

and thus contributed to higher EQE. 

2022 [80] - 32 High-efficiency reverse intersystem crossing has converted 

non-radiative triplets into radiative singlets which provided 

exceptionally high EQE through superior exciton 

management.  

2022 [81] - 14.3 Triplet harvesting via sensitizer dramatically boosted the 

exciton utilization efficiency. 

Novel acceptor design enhanced the charge transfer and 

radiative recombination. 

2021 [82] 9156 - The luminescence increased from 265 to 9156 cd/m², while 

the corresponding color variation remained visually 

indistinguishable. 

2021 [83] 92,455 30.5 High phosphorescence quantum yield (~93%) provides 

efficient radiative recombination. 

Semi-transparent cathode design improves light extraction 

and enhances EQE and current efficiency values. 

Low efficiency roll-off maintains stable high luminescence 

at elevated brightness. 

2021 [84] 32,710 18.9 The doped EMLs exhibited a high photoluminescence 

quantum yield, which contributed to an efficient radiative 

recombination and consequently enhanced device 

luminance. 

The in-situ annealing during deposition improved the hole 

transport characteristics, thereby facilitating better charge 

balance within the device. 

2021 [85] - 25.5 The emitters exhibited efficient TADF behaviour with 
short delayed fluorescence lifetime (1.1 µs) and it provided 

effective harvesting of triplet excitons. 

The non-doped solution-processed device architecture 

maintained an efficient exciton utilization and reduced 

quenching, which contributed in a high external quantum 

efficiency of 25.5%. 

2020 [86] 15,000 126.2 The hybrid tandem configuration with TADF and 

phosphorescent units facilitated efficient exciton 

utilization, thereby enhancing EQE. 

The integration of light extraction structures with four-

color emission design effectively reduces optical losses and 

thus resulting in high luminescence. 

2020 [87] 1031 9.3 The dimethyl methylene bridge makes the molecule more 

rigid, which reduces non-radiative losses and allows 

stronger ultra-violet (UV) emission. 

The shallower LUMO energy level improves charge 

balance and exciton utilization, leading to a record-high 

EQE for ultraviolet OLEDs. 
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2020 [73] 10,000 16.4 The rigid tridentate ligand design provides strong 

molecular stability and suppresses non-radiative losses, 

which results in very high photoluminescence quantum 

yields (up to 90%). 

2020 [74] 3743 5.03 The introduction of mCP (3,5-bis(N-car-bazolyl)benzene) 

as a host material enhanced the charge transport balance, 

thereby improving exciton recombination efficiency and 

overall device performance. 

2020 [88] 5200 21.0 The integration of through-space charge transfer/ through-

bond charge transfer effects with a multi-donor–acceptor 

design enables efficient utilization of triplet excitons via 

multichannel reverse intersystem crossing, leading to high 

EQE. 

2019 [89] 1273 20.2 The material Triphenylamin- Phenanthro[4,5-

abc]phenazine-11,12-dicarbonitrile showed a high 

photoluminescence quantum yield (73–87%) in doped 

films. This efficient light emission in the deep red /near-

infrared region plays a key role in achieving the high EQE 

of the devices. 

2018 [72] 9296 4.09 Fine-tuning the DCJTB (4-(Dicyanomethylene)-2-tert-

butyl-6-(1,1,7,7-tetramethyljulolidin-4-yl-vinyl)−4H-

pyran) doping level in Alq3 (tris(8-

hydroxyquinolinato)aluminum) allows the device to 

maintain balanced emission while minimizing the energy 

loss. 

2018 [85] 5000 30.3 The small singlet–triplet energy gap (ΔEST = 0.03 eV) 

makes it easier for triplet excitons to be converted into light 

through the TADF process, which greatly enhances the 

EQE of the CP-OLEDs (Circularly Polarized-Organic 

LED). 

2017 [90] 100 9.4 The solution-processable carbazole–triazine dendrimers 

enable efficient exciton utilization and uniform emissive 

films, which improved the luminescence and EQE of the 

OLED device. 

2016 [16] 5219 2.39 The simple triaryl benzene–benzothiadiazole–benzene 

molecule utilizes multiple emissive states to achieve 

efficient exciton recombination, resulting in improved 

luminescence and EQE in the WOLED device. 

2015 [91] - 2.56 The SSM (Star-Shaped Material) produces bright near-UV 

emission at 408 nm and achieves an EQE of 2.56%, while 

also serving as an effective host for high-efficiency blue 

OLEDs. 

2014 [70] 49,993 5.12 The weak donor–acceptor interaction in tetraphenylethene-

p-nitrophenyl butyrate leads to efficient solid-state 

emission, allowing to achieve very high luminance (49,993 

cd/m²) along with an EQE of 5.35%. 

Some more approaches reported to augment the luminescence and EQE for the OLEDs are 

summarized in Table 2.2. Majority of the approaches pointed towards addition of multiple 

emissive states to have better exciton recombination. Fine tuning of the doping level in Alq3 

material (generally used as ETL (Electron Transport Layer) and EML) also allows the device 

to maintain a balanced emission that too with minimizing the energy loss and to achieve a high 

brightness. Additionally, aggregation-induced emission mechanism is liable to prevent 
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quenching and thus enabled a strong luminescence. At the outset, working on EML is highly 

impactful to tune the OLED characteristics and thus establishes a scope to work further.  

c. Current efficiency 

The ratio of luminescence over current density is defined as current efficiency [92-94]. 

Numerous efforts have been reported over the time to improve the current efficiency. A 

heterojunction organic bipolar charge injection layer with zinc phthalocyanine: fullerene is 

reported by Chen et al. [8]. Here, the maximum current efficiency was reported as 36.5 cd/A, 

which is 2.4 times higher on comparing with single unit device. Additionally, Zhuo et al. [72] 

developed a double EML for red-green emission. The device showed an improvement by 10 

times in current efficiency.  

Table 2.3. Some important strategies reported to improve current efficiency during last decade 

Year Ref. Current 

Efficiency (cd/A) 

Observations 

2023 [92] 47.85 By incorporating bulky and rigid ligands, the Iridium (III) 

complexes effectively reduced the quenching losses and 

resulted in a remarkable current efficiency of 47.85 cd/A. 

2023 [93] 85.6 The heteroatom-based chiral design, combined with 

close-lying excited states and strong intra-/intermolecular 

interactions, produced highly efficient TADF emission, 

and achieved a high current efficiency. 

2022 [94] 15.0 The printed silver electrodes provided a good conductivity 

and transparency and thus led to a good current efficiency 

and brighter emission in the OLEDs. 

2021 [83] 105.6 The dual-chiral Iridium (III) complexes, with high 

phosphorescence quantum yield and optimized device 

design have improved the current efficiency and recorded 

high EQE in CP-OLEDs. 

2020 [95] 70.0 
Doping CuI into the CuPc HTL improved the hole 

injection and transport and that led to a higher current 

efficiency and overall OLED performance compared to 

PEDOT:PSS. 

2018 [96] 24.9 
Incorporating 4,4′,4′′-tri(Ncarbazolyl)triphenylamine as a 

co-host enhanced the charge balance and exciton 

recombination, which resulted in an improved current 

efficiency of 24.9 cd/A and high EQE. 

2018 [97] 2.75 
The flexible printed substrates support efficient device 

operation and authors have reported current efficiency 

comparable to the OLEDs on glass. 

2017 [98] 52.1 
The embossed Aluminum Oxide nanosphere structure 

improves light extraction and charge recombination and it 

resulted in a high current efficiency of 52.1 cd/A. 

2015 [99] 24.8 
An optimized double-dopant mixture improved the charge 

balance and energy transfer in the EML and thus provided 

a higher current efficiency of 24.8 cd/A. 

Mohan et al. [95] utilized CuI (Copper(I) Iodide ) as dopants into CuPc (Copper 

Phthalocyanine) to refine HTL and attained current efficiency as 70 cd/A. Thereafter, Lu et al. 
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[83] designed some conventional devices utilizing chiral complexes as dopants. Here, the 

current efficiency is obtained as 105.6 cd/A. Some important strategies opted to improve the 

current efficiency during last decade are illustrated in Table 2.3, wherein a strong trend towards 

inclusion of layers is observed. In some reports, it is shown that the addition of hole injection 

and transport layers led to a higher current efficiency. Surprisingly, the use of double EML 

yielded ten times improved current efficiency. Selection of material is another important 

concern specifically for emission layer. A high fluorescent material can significantly augment 

the current efficiency. Also, the layer thickness optimization is crucial for efficient exciton 

recombination and energy transfer. 

d. Power efficiency 

The power efficiency refers to the ratio of luminous flux with respect to the power consumption 

of the device. In 2018, a WOLED was reported with high power efficiency of 31.0 lm/W [100]. 

Then in 2019, Han et al. [101] proposed a blue TADF using a fused B-N emitter. The device 

exhibited a very good power efficiency of 33.3 lm/W. In 2020 Han et al. [77], presented a 

WOLED device with an internal light extraction layer of high refractive index. The power 

efficiency of the device was achieved as 93.2 lm/W. Some important strategies reported to 

improve power efficiency during last decade are mentioned in Table 2.4. 

Table 2.4. Some important strategies reported to improve power efficiency during last decade 

Year Ref. Power Efficiency 

(lm/W) 

Observations  

2023 [60] 47.2 The combination of a mixed HTL and cohost minimized the 

exciton quenching and thus enhanced the charge transport. 

This led to a high-power efficiency of 47.2 lm/W. 

2023 [92] 84.0 The sterically hindered, rigid ligand design reduces the 

energy loss and quenching. Thus, it results in a very high-

power efficiency in the Iridium (III) OLED. 

2023 [102] 7.7 The dielectric-nanomesh design boosts the light extraction 

and reduces operating voltage. It leads to a significantly high-

power efficiency in the OLEDs. 

2022 [95] 74.1 Incorporating CuI into the CuPc HTL enhances the charge 

transport and reduces injection barriers, resulting in a power 

efficiency of 74.1 lm/W. 

2021 [103] 87.2 A low-triplet-energy, high-mobility interlayer with exciton 

confinement improves the charge flow and light emission and 

thus led to a high-power efficiency in the blue OLED. 

2021 [104] 68.9 
Depositing the EML at 60°C refines molecular alignment and 

light emission and subsequently improves the charge flow. 

Thereby a higher power efficiency is obtained in the OLED. 

2020 [105] 57.2 
The charge flow and light emission is improved by adding 

lithium to the nickel oxide HIL. This resulted in a high power 

efficiency in the OLED. 

2020 [77] 93.2 
A hollow light extraction layer combined with a 

hemispherical lens can be introduced for significant 
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improvement in power efficiency for WOLEDs. Herein, it is 

improved from 26.5 to 93.2 lm/W. 

2019 [101] 33.3 
The use of a TADF assistant dopant with a narrow blue 

emitter improves energy transfer and reduces losses and 

subsequently results in a high power efficiency. 

2018 [100] 31 
The combination of an exciplex host and efficient energy 

transfer to the orange emitter increases the power efficiency. 

2018 [72] 5.80 
WOLEDs exhibits bright, efficient, and color-stable emission 

using double-layer structure and DCJTB doping in Alq3. 

2016 [16] 2.60 
The multi-state emission of the triaryl molecule enhances the 

brightness and power efficiency of the WOLED. 

2014 [91] 8.69 
Charge transport and emission quality can be improved using 

SSM as the host and emitter. This leads to a better power 

efficiency and improves the color purity in the OLEDs. 

In 2021, Cui et al. [104] utilized emission layers with different substrate temperatures ranges 

from 30°C to 100°C in the OLED devices. The maximum power efficiency is reported as 68.9 

lm/W at 60°C. Furthermore, in 2022, a highly efficient device with the power efficiency of 

74.1 lm/W was proposed by Mohan et al. [95]. In this device, CuI as dopants was added into 

CuPc to enhance HTL. Recently in 2023, Qi et al. [102] presented a dielectric-nano mesh 

OLED device with the peak power efficiency of 7.7 lm/W which is 1.8 times improved as 

compared with ITO-OLED.  

e. Operational lifetime  

Despite numerous advantages linked with OLEDs, the problem of their short lifetime is a 

matter of concern. Some researchers have tried to address this issue by inclusion of double 

EML with an ETL of LiF-doped TPBi ((1,3,5-tris(1-phenyl-1H-benzimidazol-2-yl)benzene)), 

wherein the operational lifetime was improved by 35 times [106]. Thereafter in 2017, Chang 

et al. [107] developed a solution-processed phosphorescent OLED with mixed-hosts system 

and TFB material. Here, the green OLED showed a lifetime of 310 hours and yellow of 1200 

hours. 

Further, in 2021, Le et al. [108] opted the approach of shifting the recombination area away 

from interfacial mixing region. This significantly improved the lifetime from 14 to 42 hours.  

Further, in 2023, Guo et al. [109] tried to dope a fluorescent emitter into (2-(4-(10-(3-(9H-

carbazol-9-yl)phenyl)anthracen-9-yl)phenyl)-1-phenyl-1H-phenanthro[9,10-d]imidazole) to 

accelerate the reverse intersystem crossing process. This resulted in a high lifetime of 110 

hours. Additionally, in 2023, Wong et al. [110] synthesized C^C^N carbazolylgold(III) 

complexes using oligophenyls substituents. Here, the device showed quite high operational 

lifetime up to 470,700 hours with luminescence of 100 cd/m2. Addition of some specific layers 

https://www.sciencedirect.com/topics/physics-and-astronomy/light-emitting-diode
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like hole/electron injection layer, hole/electron transport layer, blocking layer makes an OLED 

very efficient and improves the parameter. 

2.1.4 Performance improvement based on different layers  

A multilayered OLED structure contains stacked layers of cathode, EIL/HIL, ETL/HTL, EML, 

blocking layer and anode. In this section, some vital layers are discussed which play an 

important role to improve the performance parameters of OLED. For each layer, some specific 

materials are explored and discussed.  

a. Electron/hole injection layer 

Charge injection layers are vital to reduce the energy barrier between the HOMO/LUMO of 

semiconductor and the work function of the electrodes. Selection of material and thickness of 

this layer is essential to determine adequate amount of charge carrier injection. Subsequently, 

different materials along with thickness used by researchers for injection layer are summarized 

in Table 2.5.  

Table 2.5. Different existing materials (with thickness) used for injection layer 

Year Ref. Materials Thickness (nm) 

(EIL, HIL) 

Observations 

EIL HIL 

2024 [111] - TCTA 20 Luminous efficiency: improved by 

6.17% 

2023 [112] TPBi  HAT-CN  10, 40 Transient EL measurement is used to 

identify degradation origin. 

Exciplex-type co-hosts show potential for 

improved stability. 

2021 [113] - PEDOT:P

SS/MoS2 

40 The electroluminescent characteristics of 

devices using PEDOT:PSS and hybrid 

HILs are investigated.  

Maximum current efficiency: 72.7 cd/A 

2020 [105] - Li:NiOx 

(Nickel 

Oxide) 

- In this work, a low-temperature, solution-

processed Li-doped NiOx was developed 

as a novel HIL for OLEDs. 

Current efficiency: 55.8 cd/A 

Power efficiency: 7.2 lm/W 

2019 [114] PEDOT:PSS - - For green emission-  

EQE: 30.8% 

Luminous efficiency: 111.9 cd/A 

For bluish-green emission- 

EQE: 27.2% 

Luminous efficiency: 83.8 cd/A 

2018 [115] MoOx 

(Molybdenm 

Oxide) 

- - Luminous efficiency: 7.9 cd/A (improved 

by 43.6 %) 

Power efficiency of 5.9 lm/W (improved 

by 73.5%) 

2017 [116] Zinc oxide - - Maximum efficiency: 58.5 cd/A 

Maximum luminance: 11,660 cd/m2 

https://www.sciencedirect.com/topics/engineering/current-efficiency


26 
 

2017 [117] - PEDOT:P

SS and 

MoOx 

- UV OLEDs with 4.4% EQE were 

reported by employing solution-

processed PEDOT:PSS+MoOx. 

2016 [118] Polyethyleni

mine 

- 10 Current density: 20 mA/cm2 

The obtained lifetime is substantially 

greater than that of the LiF/Al reference 

OLED. 

2016 [119] HAT-CN - 10 Studied impact of impurities in OLED 

fabrication. Devices employing high-

purity materials exhibited a lifetime 

nearly nine times longer. 

2015 [120] PF-NR2  

 

- -, 7 It is revealed that interface dipole model 

alone is insufficient to account for the 

electron injection capability of the 

aliphatic amine group-EIL. 

2015 [71] - Adenine 10 The outcomes enhanced the utility of 

DNA bases for green electronics and 

provide practical methodologies to utilize 

cellulose as a biodegradable platform. 

In 2015, Gomez et al. [71] realized a high-performance OLED by replacing substrate and HIL 

with cellulose and DNA nucleobase adenine. The HIL material improved the luminance and 

emission efficiency both by 5 times owing to wide energy level. Additionally, in 2016, Stolz et 

al. [118] proposed an OLED with EIL layer of polyethyleneimine. Surprisingly, it increased 

the device lifetime by 1000 hours with a reasonable current density of 20 mA/cm2. In 2017, 

Zheng et al. [117] applied the combination of PEDOT:PSS and MoOx for HIL. This material 

is helpful in providing improved surface work function and enhanced hole injection capacity. 

With better durability, the EQE and radiance were obtained as 4.4% and 12.2 mW/cm2.  

Thereafter, in 2020, Wang et al. [105] reported a novel material; Li:NiOx for the HIL that led 

to quite high performance in terms of current efficiency, power efficiency, low turn-on voltage, 

and EQE of 55.8 cd/A, 57.2 lm/W, 3.1 V and 17.1%, respectively. In 2021, Zhu et al. [113] 

realized a hybrid material; PEDOT:PSS/MoS2 (Molybdenum Disulfide) quantum dot for HIL. 

The device with this HIL showed an improvement of 28% in current efficiency than that of 

with single PEDOT: PSS material. These reports highlight a remarkable performance 

improvement based on materials for HIL/EIL that are capable to increase the charge injection 

and thus to augment their recombination further. 

b. Electron/hole transport layer 

Like charge injection layers, these are used to better transporting the charge carriers by 

diminishing the energy level difference. Table 2.6 comprises different materials along with 

thickness for the transport layer. To design high performance OLEDs, Lu et al. [121] reported 

a genetic algorithm to examine the combination of molecular materials. It was reported that 
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pyridine-based central core with acridine-based fragments are excellent host molecules due to 

good energy alignment with common electrode materials.  

In 2019, TSAI et al. [114] proposed a novel high triplet energy and cross-linkable hole 

transporting material (N, N- N, N-bis(4-(6-((3-ethyloxetan-3-yl) methoxy)hexyloxy)phenyl)-

3,5-di(9H-carbazol-9-yl)benzenamine). The highest external quantum efficiency/luminous 

efficiency (ɳL) among the reported devices with double HTLs were recorded as 27.2%/83.8 

cd/A for green and 30.8%/111.9 cd/A for blue emission. Further, Zhang et al. [125] 

demonstrated an ultra-thick (105 nm) MoO3 HTL based highly stable hybrid OLED. This 

device showcased current efficiency and power efficiency as 60.87 cd/A and 58.84 lm/W, 

respectively with excellent hole mobility and efficient hole injection which reduced the turn-

on voltage at 2.65 V. Afterwards, in 2020, Nagar et al. [123] proposed a high-performance 

device by utilizing TiO2 (Titanium Oxide) doped TPBi as an ETL. The device showed good 

properties for yellow emission and outstanding electron mobility. The current efficiency, power 

efficacy and EQE were achieved as 53.9 cd/A, 56.1 lw/W and 15.5%, respectively.  

Table 2.6. Different materials with thickness used for transport layer in OLEDs 

Year Ref. Materials  Thickness 

(nm) 

(ETL, HTL) 

Observations 

ETL HTL 

2025 [122] Alq3 NPB 40, 30 EQE: 10.14% 

2024 [111] BPhen (4,7-

diphenyl-

1,10-

phenanthroli

ne) 

PEDOT:

PSS 

30, 40 Maximum brightness: 152.3 cd/m2 

Current density: 1892 mA/cm2 

Luminous efficiency: improved by 6.17% 

2023 [112] TPBi  NPB  40, 60 The research highlights the critical need for 

novel, efficient bipolar exciplex host materials to 

realize more stable PhOLED (Phosphorescent 

OLED) devices. 

2020 [123] TiO2 -doped 

TPBi 

- 35 Maximum power efficiency: 56.1 lm/W 

Current efficiency: 53.9 cd/A 

EQE: 15.4% 

The enhancement is primarily due to enhanced 

electron transport, strong hole blocking 

capability, and a decrease in barrier height. 

2020 [124] - NPB 25 The device achieved the deepest blue reported in 

OLEDs, with CIE (Commission Internationale 

de l’Éclairage) color coordinates of (0.162, 

0.028). 

Maximum EQE: 4.43% 

2019 [125] - MoO3 105 Luminance: Improved by 8 times than that of 

conventional devices. 

Turn-on voltage is also lower than that of 

conventional devices. 

2019 [114] - DCDPA  EQE: 30.8% 

Luminous efficiency: 111.9 cd/A 
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2018 [126] TPBi NPB  

 

NA, 10 Varying TPBi thickness in electron-only devices 

reveals electron transport changes and confirmed 

recombination zone and charge balance. 

Current efficiency: 80 cd/A 

2018 [127] BPen NPB 65, 50 Due to improved exciton utilization and 

recombination–emission zone separation, 

lifetime is improved by 4.1 times for 9,10-

Di(naphth-2-yl)anthracene (ADN) blue and 

34.8% for Alq₃ green emission. 

2018 [115] - NPB 55 The hole injection and performance-enhancing 

mechanism of MoOx in OLEDs is explained. 

2018 [72] TPBi NPB 15, 25 Maximum brightness: 9296 cd/m2 

Current efficiency: 10.17 cd/A 

Power efficiency: 5.80 lm/W 

2014 [91] TPBi TCTA 

doped 

NPB 

- Current efficiency: 10.37 cd/A 

Power efficiency: 8.69 lm/W 

2012 [128] Alq3 & 

BPhen 

NPB - Power efficiency: 30 lm/W 

2011 [129] Alq3 NPB - The enhanced performance in this study is 

significant for practical use, indicating Cu as an 

alternative route for TOLED applications. 

2010 [130] Alq3 

 

NPB - Compared to the undoped device, the operating 

voltage of p type doped blue OLEDs is reduced 

by 1.5 V. 

Half luminance decay: 3800 hours 

These reports indicate the benefit of adding transport layer to improve the device efficiency. 

Addition of multiple transport layers that too with proper balancing of energy barriers (through 

materials) may lead to even lower turn-on voltage that gives insight towards low power 

consumption devices. The xylene and naphthalene-based fragments are suggested for ETL, 

while acridine and triphenylamine based fragments are good for HTL because of their strong 

electron donating property. 

c. Emissive layer 

This layer plays a major role in OLEDs as recombination of holes and electrons should occur 

here that further leads to the light emission. The emission wavelength of light from this layer 

depends on band gap of material and thus color of emission too. Table 2.7 summarizes different 

materials and thickness for EML. In 2011, Kim et al. [131] reported an OLED with high 

efficiency consisted of ambipolar blends of electron and hole transport polymers. This device 

exhibited maximum EQE of 13.6% and luminous efficiency of 44.6 cd/A. Then, Zhao et al. 

[132] in 2012, utilized a double EML structure in blue/orange complementary WOLED that 

resulted in improved spectral density and better luminance of 20,000 cd/m2. Afterwards in 

2013, Erickson et al. [133] proposed an approach for determining the location and spatial extent 

of the exciton recombination area in an organic LED.  
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Table 2.7. Different materials with thickness used for emissive layer in OLEDs 

Year Ref. Material for EML Thickness (nm) 

(EML) 

Observations 

2025 [122] TTPA ((9,10-bis[N,N-di-

(p-tolyl)-

amino]anthracene)) 

40 EQE: 10.14% 

This work offered a new route to stable, low-

cost, high-performance fluorescent OLEDs. 

2024 [78] Rubrene Host: Red 

Dopant 

40 Non-doped OLEDs demonstrated high 

exciton utilization efficiency and Near-

Infrared emission: 

• 55.6% @694 nm 

• 82.8% @736 nm  

• 42.3% @756 nm 

2024 [111] Bis[2-

(diphenylphosphino)phe

nyl]ether oxide 

30 Luminous efficiency was improved by 

6.17% in the device using guest–host co-

deposition compared with others. 

2023 [112] DiPhenylDiPhenylBenze

ne- acceptor conjugated 

20 Degradation mechanism of PhOLEDs was 

explored using different host types: single 

hosts, exciplex-type co-hosts, and exciplex-

free co-hosts. 

2021 [134] Alq3 50 OLET operating at low voltage (5 V) was 

reported. 

OLET performance is significantly 

improved by incorporating an appropriate 

HBL. 

2020 [135] BEPP (bis(2-(2-

hydroxyphenyl)-

pyridine) beryllium) and 

TCTA: Ir(ppy)3 (Tris(2-

phenylpyridine)iridium(I

II)) 

- The dual-active layer device witnessed 39% 

EQE with CIE (0.57, 0.42). 

2019 [136] Poly methyl 

methacrylate: Zinc 

Sulfide 

40 This work showed reduced band gap (~3.3 

eV), multi-color photoluminescence, fast 

decay (~4.8 ns), and ~249% higher 

conductivity. 

2017 [137] TCTA: (Irmppy)3 30 Achieved high-efficiency green OLEDs (18 

lm/W) in device sizes of 0.44 cm² and 4 cm². 

2014 [91] SSM doped DSA-Ph 20 Developed a SSM with carbazole/arylamine 

backbone. 

Achieved near-UV EL as an emitter at 408 

nm with EQE of 2.56%. 

2013 [133] TCTA: BPhen: Ir(ppy)3 100 Demonstrated an experimental method to 

locate exciton recombination zones in 

OLEDs which is applied to double-EML, 

mixed-EML, and graded-EML device 

architectures. 

2012 [138] DCzPPy: bt2Iracac 20 Introduced an organic capping layer (TAPC) 

to tune emission and spectra and showed that 

optimized capping layer thickness enhances 

the total emission and achieves spectral 

matching. 

2010 [130] TBADN & DSA-ph - Developed a low-voltage operating, high-

stability blue OLEDs with emission peak at 

470 nm. 

Operating voltage is reduced by 1.5 V 

compared to undoped device. 
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The reports which are mentioned above highlight an insight towards the importance of emissive 

layer. Some reports demonstrate a significant improvement in luminous efficiency after 

inclusion of this layer. The performance can be further augmented by using multiple EMLs that 

can significantly increase the electron-hole recombination rate due to shrinking the band gap 

between different materials. Thickness optimization for this layer is another important aspect 

to be taken care of and it can lead to a reduction in operating voltage for the device.     

d. Blocking layer 

Charge blocking layers are incorporated to block the movement of one type of carriers towards 

the respective electrode before arrival of another type of carrier in the EML. Generally, the 

mobility of hole is higher than electrons which results in early arrival of holes to the EML as 

compared to electrons and leads a reduction in recombination rate. To resolve this, hole 

blocking layer is introduced to block the hole carriers. Similarly, EBL (Electron Blocking 

Layer) can be utilized. These layers are beneficial for enhancing efficiency of organic LED by 

raising electron/hole recombination.  

Table 2.8. Different materials (with thickness) used for blocking layer in OLEDs 

Year Ref. Materials  Thickness 

(nm) 

(EBL, HBL) 

Observations 

EBL HBL 

2025 [122] TCTA  - 10 This work demonstrated that 

triplet states in TTPA play a key 

role through hot-exciton 

processes. 

EQE: 10.14% 

2022 [139] - Ytterbium 1 Introduced a thin ytterbium 

interlayer between organic layer 

and cathode to block Ag 

migration. 

Lifetime is increased from 

33/37/27 hours to 128/254/244 

hours (R/G/B). 

2021 [134] - TPBi and BCP 10, 10 It is concluded that device 

performance depends strongly on 

energy-level alignment, 

highlighting the priority of 

efficient charge injection over 

blocking.  

2019 [140] TCTA - - Doped Alq₃ ETL with TCTA as 

EBL yields the best performance. 

At 1000 cd/m² brightness, EQE is 

improved by 27.8% compared to 

device using only NPB as both 

EBL and HTL. 

2018 [127] - 1,3-Bis(N,N-

dimethylphenyl)-1,3-

propane-diamine 

derivative (DMPPP)  

10 Added DMPPP interlayer to 

enable triplet diffusion and block 

singlet quenching by Alq₃. 
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Achieved 86.1% intrinsic triplet–

triplet annihilation up conversion 

efficiency in Alq₃/DMPPP/ADN 

tri-layer OLED. 

2018 [141] - mPyrPPB (1,3,5-tris(3-(3-

(pyridine-3 

yl)phenyl)phenyl)benzene) 

25 Designed hole blocking materials 

mPyrPPB and 1,3,5-tri(mpyrid-2-

yl-phenyl)benzene)), combining 

pyrimidine and phenylene 

segments. 

Compared to reference device, 

EQE, current efficient and power 

efficiency are improved by 38%, 

35%, 54%, respectively. 

2018 [126] TCTA - 5 Optimizing TCTA effectively 

balances charges, confines 

recombination zone, and improves 

PhOLED efficiency with low roll-

off. 

2018 [115] - Bphen  The proposed OLEDs achieved 

current efficiency as 7.9 cd/A 

(improved 43.6%) and power 

efficiency as 5.9 lm/W (improved 

73.5%). 

2017 [142] - Phenanthroline and 

diisopropyl 

fluorophosphate (Phen-

DFP) 

150 New phenanthroline derivative 

Phen-DFP is synthesized for 

electron transport/hole blocking in 

OLEDs. 

The research highlights trade-offs 

between electron transport, triplet 

energy, hole blocking, efficiency, 

and device stability. 

2016 [119] - 2,4,6-tris(biphenyl-3-yl)-

1,3,5-triazine 

10 Studied impact of impurities in 

OLED fabrication. 

It is concluded that strict purity 

control is critical not only for 

emitters but also for all OLED 

materials. 

2016 [143] 3-( m -diphenylphosphinylphenyl)-

1,10-phenanthroline (Phen-m-

PhDPO) 

10 An electron transport/hole 

blocking material Phen-m-PhDPO 

is utilized for red, green 

phosphorescent and blue 

fluorescent OLEDs. 

Enabled high power efficiency and 

operational stability. 

2015 [144] - 9,9-dimethyl-10-(9-

phenyl-9H-carbazol-3-yl)-

9,10-dihydroacridine 

10 High triplet energy (2.99 eV). 

Improved quantum efficiency. 

8 times longer lifetime in blue 

PhOLEDs. 

Table 2.8 illustrates some important work related to addition of blocking layers and their 

subsequent benefits. As shown in this table, some reports have shown several-fold 

improvements in efficiency and lifetime after adding HBL. In general, there is a high need of 

blocking the holes than the electrons due to their high mobility in organic materials. However, 

some researchers have reported the performance dependance on selection of material for 

electron blocking layer too. Like, Soman et al. [140] in 2019, explored the effect of different 
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EBLs, wherein TCTA material was found most effective in blocking the electrons and 

enhancing the recombination rate. Also, EQE was observed higher by 27.8% than that of using 

NPB (N,N′-diphenyl-N,N'-bis(1-naphthylphenyl)-1,1'-biphenyl-4,4'-diamine) material. These 

results give an insight to wisely choose the materials for these layers.  

2.1.5 Performance Comparison for Blue and White OLEDs 

Three main colors; red, blue, and green are required for white lighting and full color display. 

The researchers have reported RGB emitters in recent times [145, 146]. The light of color is 

determined based on the wavelength spectrum, where a dedicated range of wavelength is used 

to identify the color of emission. The wavelength of emission depends on the energy band gap 

of the material and thus selection of material is of great concern while designing the OLED 

devices. Here, different approaches used by the researchers for blue (Table 2.9) and white 

(Table 2.10) color emission OLEDs are summarized.   

Table 2.9. Different approaches used for blue OLEDs along with their performance during last decade 

Year Ref. Approach Performance Parameters 

2024 [147] Designed Boron based ultra narrow 

blue emitter  

EQE: 36.4% 

Current efficiency: 49.1 cd/A 

Power efficiency: 51.4 lm/W 

2023 [148] Reported Multi resonance TADF 

material based high performance 

Blue OLED 

EQE: 36.2% 

Roll off: 4.9% 

Luminance: 1000 cd/m2 

2022 [149] Reported a bi-layer structure of blue 

emitting layer 

EQE: 14% 

Lifetime: 450 hours  

2021 [150] Designed and synthesized a novel 

deep blue fluorescent material 2,6- 

di-tert-butyl-1,5-bis-(3,5-di-tert-

butyl-phenyl)-naphthalene  

EQE: 7.8% 

Current efficiency: 11.52 cd/A 

Power efficiency: 10.33 lm/W 

2021 [151] Designed a pure blue hyper 

fluorescence OLED   

EQE: 32%   

Good stability of 18 hours at an initial luminance 

of 1000 cd/m2. 

Narrow emission. 

2020 [152] Five blue thermally activated delayed 

fluorescence emitters by varying the 

alkyl substituent of acridine to adjust 

the energy levels.  

High photoluminescence quantum yields 

between 75% to 85%. 

Maximum EQE: 24.1% 

2020 [153] Fabricated inkjet-printed blue OLED 

using 3,5-bis(N-car-bazolyl)benzene 

as a host material. 

EQE: 5.03%   

Luminescence: 3743 cd/m2 

2018 [154] Designed and synthesized a deep 

blue hybrid local and charge transfer 

based on triphenylbenzene. 

The maximum exciton utilizing efficiency of 9-

(4-(Triphenylboron)phenyl)carbazole and 

arbazole–Triphenylboron derivative were 

obtained as 85% and 86%, respectively. 
2017 [155] Developed blue pyrimidine emitters 

for TADF OLED. 

The effect of nitrogen was investigated on the 

photophysical properties. 

The EQE was obtained of 25%. 

2016 [76] Synthesized blue TADF emitters 

BPy-pC, BPy-pTC, BPy-p2C and 

BPy-p3C using carbazolyl, t-butyl 

Single triplet energy gap (ΔEST) is reduced from 

0.29 eV to 0.05 eV. 



33 
 

carbazolyl, dicarbazolyl and 

tercarbazolyl as electron donating 

unit and 4-benzoylpyridine as 

electron accepting unit respectively.  

EQE: 23.9%.  

2012 [75] Synthesized new rigid and highly 

twisted materials made of anthracene 

with xylene as the core unit. 

Using BDNA, device exhibited maximum EQE 

of 5.26%. 

Table 2.10. Different approaches used for white OLEDs along with their performance during last decade 

Year Ref. Approach Performance Parameters 

2024 [156] Presented TADF based warm WOLED High color rendering index of 87 

Correlated Color Temperature of 3216 

K 

Luminance of over 5300 cd/m2 

2022 [157] Designed low voltage, high luminance, top 

emitting, three-wavelength WOLED 

Luminescence: 170,000 cd/m2 

Color gamut: 136% (as compared to 

RGB) 

2021 [158] Fabricated high-efficiency fluorescent 

dual-wavelength WOLED 

Luminescence: 21,070 cd/m2 

Current efficiency: 18.09 cd/A 

Power efficiency: 8.77 lm/W 

2021 [17] Fabricated WOLED using a single host of 

bis(1-phenylisoquinoline) 

(acetylacetonate) iridium(III) and  

 1,3-bis(9-carbazolyl)benzene with iridium 

(III) bis[(4,6-difluorophenyl) pyridinato-

N,C2’]picolinate as red and blue 

phosphorescent, respectively.  

Luminescence: 9156 cd/m2. 

Decay time of excitons was also 

calculated to observe the emission 

mechanism using electroluminescence 

and transient photoluminescence 

technique. 

2020 [77] Designed an internal light extraction layer 

using high refractive index material for 

white organic LED. 

The maximum EQE without and with 

light extraction structure were 

obtained as 35.6 and 103%, 

respectively. 

Power efficiencies without and with 

light extraction are calculated as 26.5 

and 93.2 lm/W at 100 cd/m2, 

respectively. 

2020 [86] Demonstrated highly efficient WOLED 

fabricated with a blue-red unit based on a 

TADF and a phosphorescent yellow-red 

unit using an exciplex host based on a 

modified hybrid tandem structure. 

Luminous efficacy: 150.7 lm/W  

EQE: 126.2% 

The color rendering index: 80 at 1000 

cd/m2. 

The T50 lifetime: 12,600 h at 1000 

cd/m2.  

2018 [100] Fabricated highly efficient warm WOLED 

by energy transfer from exciplex host to 

orange dopant. 

EQE: 18.7% 

Power efficiency: 31.0 lm/W  

Current efficiency: 35.3 cd/A 

2016 [159] To improve the optical power of red color, 

quantum dot nanocrystals dispersed in 

photoresist film are applied to WOLED. 

40.2% enhancement in optical power 

is noticed in WOLED using quantum 

dot dispersed PR film. 

2016 [160] Designed WOLED based large area 

lighting panels using dip coating process in 

air having emission area of 72×72 mm2. 

Non-uniformity of film decreased 

from 49 to 15% on reducing the 

withdrawal speed from 1 to 0.06 

mm/s. 

Uniformity of dip coated film is 

improved by adding buffer zone to the 

panel. 

2016 [16] Applied a benzene-benzothiadiazole-

benzene core based new triaryl molecule in 

WOLED device. 

The maximum brightness: 5219 cd/m2   

Current: 6.5 cd/A 
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The device also exhibited good color 

quality with CIE coordinates of (0.38, 

0.45) and 4500K color temperature. 

2014 [161] Synthesized WOLED based on 

temperature sensitive β-diketonate 

complex of molecular formula 

[Eu0.45Tb0.55(btfa)3 (4,4’-bpy)(EtOH)] 

(btfa–, 4,4,4-trifluoro-l-phenyl-1,3-

butanedionate; 4,4’-bpy, 4,4’-dipyri-dyl; 

EtOH, ethanol). 

The emission color coordinates are 

varying from (0.521, 0.443) to (0.658, 

0.335) by changing the temperature 

from 11 to 298 K. 

It is quite difficult to produce a high-performance blue emission due to the wide band gap of 

materials that makes it complicated to insert charges into blue emitters. However, over the span 

of years, researchers have synthesized high quality materials with low band gaps. In 2020, Han 

et al. [152] varied the alkyl substituent of acridine to adjust the energy levels and subsequently, 

five blue thermally activated delayed fluorescence emitters DAc-C1 to DAc-C5 were designed. 

The maximum EQE was obtained as 24.1% based on DAc-C2 OLED which is 1.42 times more 

than the DAc-C1 based device (EQE = 17.0%). Also, a high photoluminescence quantum 

between 75% to 85% was achieved.  

White inorganic LEDs are being used commercially for indoor and outdoor lighting and 

automotive lighting. On the other side, white organic LEDs are used as low-cost alternatives 

[16] for back-lights in flat panel displays. White OLED can be designed as flexible panels with 

superior white color balance and wide viewing angles. In 2016, Chen et al. [160] designed a 

WOLED using dip coating technique with an emission area of 72×72 mm2. Dip-coating process 

is useful for removing the material pile-up near the metal grids which results in uniform light 

emission across the whole panel. Here, non-uniformity is reduced from 49% to 15% by 

decreasing the withdrawal speed from 1 to 0.06 mm/s.  

Recently in 2021, Lee et al. [17] designed a white organic LED utilizing a single host of bis(1-

phenylisoquinoline)(acetylacetonate) iridium(III) and 1,3-bis(9-carbazolyl)benzene with 

iridium(III) bis[(4,6-difluorophenyl) pyridinato-N,C2’]picolinate as red and blue 

phosphorescent, respectively. In this work, luminescence was improved from 265 to 9156 

cd/m2. These reports added new possibilities for developing highly efficient, low-cost materials 

to increase the emission and other parameters for OLEDs.  

2.1.6 Critical analysis for parameters and structural diversity for OLEDs 

This section summarizes the productive approaches to design and improve the OLEDs. The 

researchers showcased noteworthy advancements for luminescence, EQE, luminous efficiency 

and current efficiency over the time. During last decade, the luminescence showed an 
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improvement from 1273 to 69,311 cd/m2 (Fig. 2.6 (a)), EQE from 2.39% to 36.4% (Fig. 2.6 

(b)), luminous efficiency from 2.6 to 93.2 lm/W (Fig. 2.6 (c)), and current efficiency from 24.8 

to 85.6 cd/A (Fig. 2.6 (d)). As depicted in Fig. 2.6, the trend of the curves does not increase 

continuously because introduction of new materials, device architectures, or wavelength shifts 

often cause temporary drops until optimization is achieved. 

   

                                                (a)                                                                                 (b) 

 

                                             (c)                                                                                     (d) 

Fig. 2.6. Parametric improvement in OLEDs over the last decade in terms of (a) Luminescence, (b) EQE, (c) 

Luminious efficiency and (d) Current efficiency 

Structural diversities and thin layers play a very crucial role in OLEDs. Selection of different 

layers with proper material for individual layer is of great concern and challenging. Basically, 

a multilayer OLED structure contains several thin layers; HIL/EIL, HTL/ETL, HBL and EML 

which are extensively employed during the last decade and discussed in detail in earlier 

sections. Each layer plays a vital role in charge transport and light emission. These layers have 
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their own pros and cons. The added layers can improve the efficiency and charge balance but 

with increased cost, interface defects and complexity.     

Some advanced layers like spacer, mixed, and charge generation layers can also contribute for 

significant improvement in OLED device performance. Spacer layers are utilized in OLEDs 

between the functional layers. Unlike the conventional layers (HIL, HTL, ETL, HBL), the main 

purpose of this kind of layer is to provide excitonic/optical separation. These additional layers 

work great for exciton management, optical field control and energy level alignment. For 

example, a thin wide bandgap spacer can be placed between ETL and EML to block the exciton 

leakage. The spacer layer also helps in balancing electron/hole injection rate. The suitable 

materials for these layers are TAZ (3-(4-biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-

triazole), BCP (bathocuproine), UGH2 (ultra-wide bandgap host) etc. 

Mixed interlayer is basically a thin intermediate layer which is composed of a mixture of two 

or more materials. These materials are opted for electron/hole transportation. Like spacer layer, 

these layers are also placed between functional layers like EML and ETL/HTL. The thickness 

for these layers can be kept from 2 to 10 nm as thicker layer may results in higher driving 

voltage due to decline in mobility. The MI layers improve exciton confinement, charge balance 

and interfacial stability. These layers help in matching the injection rate by blending p type and 

n type materials in the interlayer. These layers demonstrate some limitations as well like excess 

blending may lead to unwanted recombination zones. The suitable materials for electron 

transport in mixed interlayer are TPBi, Alq₃, and BPhen. However, NPB, TCTA, and TAPC 

materials show a good choice for hole transport. 

Another important layer utilized for improving the device performance is charge generation 

layer which is the combination of two different layers which acts as electron generator and hole 

generator. This CGL layer enables proper stacking of electroluminescent units, resulting in 

noticeably improved charge balance and light extraction, which in turn leads to higher 

efficiency, enhanced brightness, and a significantly longer operational lifetime compared to 

single-unit OLED structures. The main purpose of CGL is to generate additional electrons and 

holes which further move into EML to accomplish more recombination. Subsequently, the 

overall efficiency of the device is improved. The suitable materials for hole generation in CGL 

are MoO₃, NiO, WO₃, V₂O₅, TAPC. Additionally, electron generation materials can be Cs₂CO₃, 

BPhen:Cs, Liq, and HAT-CN. Table 2.11 demonstrates the comparative analysis for spacer, 

mixed, and charge generation layer. As per the table, inclusion of CGL is more beneficial in 

comparison to spacer and mixed interlayer. CGLs contain dual functionality. Unlike spacer and 
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mixed interlayer, it significantly generates charge carriers and blocks exciton leakage. 

Additionally, using CGLs, high luminance can be achieved at low current density in tandem 

OLEDs. These layers contain better energy level tuning in comparison with the other two 

layers. 

Table 2.11. Comparison of spacer, mixed interlayer, and charge generation layers across various aspects 

Aspect Spacer Layer Mixed Interlayer Charge Generation 

Layer 

Primary role Optically separates layers 

without active charge 

transport [25]. 

Balances exciton 

confinement and charge 

transport via mixed 

materials [23]. 

Generates new electron–

hole concentration 

between stacked 

emissive units [24]. 

Charge transport Very low or negligible: 

Layer is not considered for 

carrier transport. 

Moderate: Depends on 

blend ratio and material 

mobility [16]. 

Strong: Generates and 

injects more electrons 

and holes into EML [26].  

Energy level tuning Weak: Minimal effect on 

energy levels [25]. 

Moderate: Blend permits 

limited tuning [23]. 

Strong: Tailored 

materials for near-zero 

injection barriers [26]. 

Exciton 

Management  

Good: Restrict excitons, 

but does not significantly 

help recombination. 

Good: Reduces exciton 

leakage at interfaces [60]. 

Excellent: Confines 

excitons in each sub-cell 

to block quenching [24]. 

Complexity Low: Addition of simple 

layer [25]. 

Moderate: Demands 

composition optimization 

[67]. 

High: Requires 

appropriate material 

pairing and deposition 

control. 

Application focus Utilized in multilayered 

OLEDs for optical tuning 

and quenching avoidance 

[25]. 

Utilized for improved 

charge balance and 

stability [16]. 

Utilized in tandem 

OLEDs to attain 

brightness & long 

lifetime [24]. 

Advantages Improves EQE and reduces 

roll-off. 

Improves stability and 

optical efficiency [67]. 

Boosts brightness, 

efficiency, and lifetime. 

Scalability Few challenges in 

reproducibility. 

Easy to fabricate. Proven in commercial 

tandem OLEDs. 

CGLs have outstanding charge transportation property than mixed interlayers as CGLs can 

directly generate and transport electrons and holes towards the EML. Moreover, these layers 

are extremely good in providing longer operating lifespan by reducing thermal and chemical 

degradation. CGLs are commercially utilized in high-end OLED displays such as TVs and 

smartphones. All these properties make CGLs the preferred choice for obtaining OLEDs with 

high brightness and long operational lifespan. In current OLED research, CGL is typically 

placed near or within the EML. Looking ahead, exploring alternative arrangements for placing 

the CGL; near the cathode/anode region and adjacent to the HTL/ETL may offer deeper 

insights.  
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2.2 STRUCTURAL DIVERSITY AND PARAMETERS FOR OTFT 

This section focuses on the recent advancements for organic small molecule and polymer based 

organic thin film transistors. To better understand the conduction process and mapping of 

limiting factors, the structural variation between top and bottom contact organic TFTs is 

examined. As illustrated in Fig. 2.7, OTFT structure consists of four thin layers of source/drain, 

OSC, dielectric, and gate. The charge carriers are inserted and extracted from source and drain, 

respectively. Here, the source and drain are in contact with OSC layer and gate is separated by 

a gate dielectric layer to control the conductivity of the layer. The working mechanism of 

organic TFT is quite similar to the conventional TFTs. However, the method of channel 

formation is different. 

 

Fig. 2.7 Basic structure of OTFT 

The channel formation in OTFT is due to the accumulation of the charges, on the other side, in 

case of inorganic transistors, it is because of the inversion process. On providing voltage 

between gate and source, the charge carriers are generated at the interface of the 

semiconductor/dielectric. After applying a suitable drain to source potential, current starts 

flowing between source and drain.  

2.2.1 Performance Parameters for OTFTs 

A TFT should possess a high value for Ion/Ioff, transconductance and mobility. On the other 

hand, threshold voltage, contact resistance and sub-threshold swing (SS) should be low. The 

below sub-section illustrates all these mentioned parameters in detail.  

a. Transconductance 

Transconductance is defined by the change in drain current on modifying the gate voltage 

keeping the drain voltage constant. The higher transconductance is beneficial for various bio-
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sensing applications in organic field. Various efforts have been made by many researchers to 

improve this. Klauk et al. [162] presented a BGTC (Bottom Gate Top Contact) structure which 

exhibited 4 µS transconductance at VGS = -3 V. The drain voltage is kept constant at -1.5 V. 

Furthermore, an OTFT designed at L=10 nm by Lee et al. [163] showed noteworthy 

improvement in terms of transconductance and other electrical parameters. Additionally, a dual 

gate OTFT proposed by Ghosh et al. [164] showed a very high transconductance as 4.6 µS.  

b. Mobility 

The mobility refers to the property of charge carrier which shows that how efficiently carriers 

can move in the semiconductor. Higher mobility is preferable for high performance and fast 

switching applications. Xu et al. [165] designed a n type OTFT having the semiconductor 

material 6,13-bis((triisopropylsilyl)ethynyl)-5,7,12,14-tetraazapentacene. The device 

illustrated a high mobility of 11 cm2/V.s. Further, Hasan et al. [166] proposed a device which 

obtained the mobility of 0.82 cm2/V.s at low input voltage (-3 V). 

c. On/off current ratio  

The ratio of current in accumulation and current in depletion mode is known as on/off current 

ratio. The device thickness and length of channel are the main parameters responsible for this 

ratio. The shorter the channel length, the higher on/off ratio is obtained [167]. Resendiz et al. 

[168] exhibited a refinement in the current on/off ratio as 109 by reducing poly(3-

hexylthiophene) thickness from 160 nm to 20 nm. Furthermore, Kumar et al. [169] followed 

the same method for improving the current ratio by decreasing OSC layer by 130 nm.  

d. Threshold voltage  

A minimum amount of voltage required to create a channel at the interface of semiconductor 

and dielectric is called threshold voltage. The value of threshold voltage should be smaller for 

low power applications. Kano et al. [170] reported that short channel length and wide OSC 

layer result in lesser threshold voltage. Addition to this, threshold voltage was reduced to 5 V 

using electrode energy levels [171].  

2.2.2 Classification of OTFT based on structural diversity 

The geometry plays an important role in improving the performance of OTFTs. These 

transistors are categorised based on the number of gates as single gate and dual gate. The below 

section summarizes the work reported for single gate and dual gate transistors in terms of 

threshold voltage, drain current, sub-threshold swing and saturation mobility.    
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a. Single gate OTFTs 

The single gate TFTs are classified in bottom gate and top gate structures. These devices are 

further divided in terms of their position of contacts. In bottom gate structures where contacts 

are placed below OSC layer are known as BGBC (Bottom Gate Bottom Contact). On the other 

hand, where contacts are placed above OSC layer is called as BGTC as shown in Fig. 2.8. 

Similarly, top gate TFTs are also divided into TGBC (Top Gate Bottom Contact) and TGTC 

(Top Gate Top Contact) structures. 

      

                                      (a)                                                                                 (b) 

Fig. 2.8 Bottom gate OTFT with (a) Top contact (TC) and (b) Bottom contact (BC) structures. 

Table 2.12. Comparison of performance parameters of different existing bottom gate top contact and bottom 

contact TFTs 

Year Ref. Structure 

Parameters 

ID  

(µA) 

µ 

(cm2/Vs) 

Vt 

(V) 

SS 

 (V/dec) 
Ion/Ioff 

2025 [172] BC - 11.39 1.2 64.10 1×107 

2023 [173] 
TC  60 0.135 1.3 0.591 105 

BC 59 0.0026 -1.6 1.219 103 

2021 [174] 
TC -0.000133 0.0578 -0.601 0.291 3.7×104 

BC -0.000146 0.0661 -0.666 0.284 4.1×104 

2020 [175] 
TC -0.000057 NR -0.52 0.347 104 

BC -0.000061 NR -0.594 0.341 1.1×104 

2019 [176] 
TC -11 0.129 1.2 0.32 9.5 ×103 

BC -12 0.14 1.1 0.26 1.9 ×104 

2016 [177] 
TC 30.63 0.13 32.78 NR NR 

BC -7.9 0.039 32.58 NR NR 

2014 [178] 
TC 37 0.44 -14 NR 108 

BC 8 0.11 -15 NR 106 

2010 [179] 
TC 3.7 0.36 0.71 NR NR 

BC 1.2 0.04 0.81 NR NR 

 2009 [180] 
TC -12 0.085 -3.2 NR NR 

BC -0.4 0.002 -8.4 NR NR 

When both TC and BC structures are compared, top contact (TC) exhibits improved 

performance due to large charge injection area. Table 2.12 summarizes a comparison of the 
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structures in terms of Vt, ID, Ion/Ioff, µ and SS. Ye et al. [173] reported a comparison between 

TC and BC structures and it was observed that TC structure outperformed in terms of ID, µ, Vt, 

SS, and Ion/Ioff. Herein, the saturation mobility for TC device was 51.9 times enhanced in 

comparison with BC devices. Similar results were reported by Verma et al. [177] wherein, 

saturation mobility was improved by 3.3 times for TC structure than bottom contact. 

b. Dual gate OTFTs 

To refine the charge carrier injection, TFTs with two gates along with their dielectric are 

introduced. In these types of TFTs, biasing can be provided at both sides of gate terminals. 

Thereby, drain current is enhanced by creating two conducting channels between source and 

drain and thus helps in refining other performance parameters. Table 2.13 summarizes a review 

on different dual gate transistors during the last few years.  

Table 2.13. Comparison of performance parameters of different existing single gate and dual gate TFTs 

Year Ref. Structure 

Parameters 

ID  

(µA) 

µ 

(cm2/Vs) 

Vt 

 (V) 

SS 

(V/dec) 
Ion/Ioff 

CI 

(nF/cm2) 

2025 [181] Dual Gate - - -1.8 0.009 1×106 385 

2024 [182] 
Single Gate - 0.18 -1.26 1.4 1.06×105 NR 

Dual Gate - 2.42 0.70 0.259 6.8×105 NR 

2022 [183] 
Single Gate -6.5×103 0.0810 −0.795 0.286 4.2×105 NR 

Dual Gate -6.9×103 0.0812 −1.114 0.059 7.3×1012 NR 

2020 [184] 
Single Gate -0.071 0.03 0.58 0.14 106 5.4 

Dual Gate 1.8 0.37 0.23 0.098 107 10.88 

2020 [164] 
Single Gate 2.4E-05 4.84 1.37 0.69 3.9×103 NR 

Dual Gate 0.0075 19.3 2.41 0.75 5.27×104 NR 

2019 [185] 
Single Gate -0.00095 0.129 2.2 0.32 4.5×103 NR 

Dual Gate -0.001.0 0.315 2.22 0.09 1.6×108 NR 

2018 [186] 
Single Gate -0.01 0.012 1.5 0.5 NR NR 

Dual Gate -0.24 0.05 0.42 0.3 NR NR 

Saini et al. [187] demonstrated a dual gate structure using pentacene as OSC. This transistor 

achieved 30% improvement in the mobility. The current ratio for dual gate is also improved by 

6 times as compared to single gate TFT. Additionally, Seo et al. [182] analysed single and dual 

structures wherein, µ and SS was improved by 13.4 and 5.4 times, respectively.  

c. Vertical TFT 

The straightforward way to provide better transconductance is to reduce the channel length 

[188]. But, to obtain it, the channel needs few sophisticated and expensive patterning methods 
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such as; stencil mask patterning and electron-beam lithography [11], which is not applicable 

for low-cost fabrication processes. To obtain the short channel, a vertical channel transistor can 

be a good alternative [12-14]. In vertical TFTs, the source and drain are placed in a vertical 

manner unlike horizontal in planar TFTs. This makes a significant reduction in channel length 

and improves the performance. The performance of some vertical OTFTs is summarized in 

Table 2.14.  

Table 2.14. Review of different existing vertical TFTs in terms of performance parameters 

Year Ref. Aspect Performance Analysis 

2025 Kang et 

al. [189] 

Proposed an ultra-thin VOTFT 

photosensor using Au based graphene. 

Carrier mobility: 4.8 cm2/V. s 

High switching ratio. 

Significant photosensitive synaptic 

response. 

2024 Choi et al. 

[190] 

Presented a VOTFT using interfacial 

oxidation. 

Device found applicable for low power 

electronic applications. 

2023 Sun et al. 

[191] 

Proposed a short channel vertical TFT 

and its performance improvement. 

Higher current as compared to planar 

TFTs. 

Suitable for sensing applications. 

2021 Kneppe et 

al. [192] 

 

Presented the first solution-processed 

VOFET (Vertical Organic Field-Effect 

Transistor) and compared it with 

vacuum-processed VOFETs. 

Better on-state performance than 

vacuum-processed VOFETs. 

Charge carrier mobility: 4.8 cm2/V. s 

2019 Chen et 

al. [193] 

 

Fabricated a novel VQLET (Vertical 

Quantum-Dot Light-Emitting Transistor) 

based on a vertical OTFT. 

Integrated OTFT and quantum dot light-

emitting diode into a single device. 

VQLET exhibited extremely high 

current density. 

The maximum current efficiency is 

obtained as 37 cd/A. 

2018 Rathi et 

al. [194] 

 

Compared the performance for single and 

dual gate Vertical Channel OTFT. 

Performance of dual gate VOTFT is 

much enhanced with higher Ion/Ioff ratio 

current. 

2013 Kleemann 

et al. 

[195] 

 

Presented high-performance vertical 

organic transistors comprising pentacene 

for p type operation and C60 for n type 

operation. 

Exhibited very high on/off ratio of 106. 

High transconductance value > 50 μ 

S/mm. 

VOTFTs containing pentacene showed 

on-state current densities of ∼ 50 

mA/cm2. 

2007 Yang et 

al. [14] 

 

Compared pentacene-based planar and 

vertical type OTFTs. 

Also, added HIL in VOTFT. 

VOTFT exhibited a low-voltage 

operation of less than 5 V. 

Higher current Ion/Ioff  ratio. 

In 2021, Kneppe et al. [192] proposed the first solution-processed vertical organic transistor 

and further compared with vacuum-processed VOFETs and solution-processed TFTs. It 

witnessed comparatively a higher performance for solution-processed vertical TFT. 

Furthermore, Sun et al. [191] demonstrated a higher current for VOTFT as compared to planar 

TFT. These vertical channel devices were also found suitable for sensing applications. In 2024, 
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an interfacial oxidation based ultra short channel VOTFT [190] was demonstrated with quite 

significant performance improvement. Recently, in 2025, Kang et al. [189] presented a vertical 

thin film transistor utilizing Au based graphene. In this research, carrier mobility was obtained 

as 4.8 cm2/V. s along with high switching ratio and good photosensitive synaptic response.  

2.2.3 Critical analysis for different OTFT structures  

It is widely reported that the bottom gate arrangement is well suited for the single gate OTFTs 

pertaining to the thermal treatments that may be applied to improve the dielectric surface 

without any impairment in the OSC layer. A comparison is performed for top and bottom 

contact structures in terms of mobility over the span of years (Fig. 2.9). Here, TC and BC 

devices taken for comparison are realized using same materials and possible dimensions. A big 

difference can be seen in mobility values and TC devices have outperformed. Although the 

performance of BGTC structure is observed superior than the BGBC, nevertheless the contacts 

deposited on the semiconductor in TC structure consequences in some sort of defects in the 

active layer. Therefore, the S/D contacts are preferably prepared prior to the OSC layer, thereby 

proving BC structures more promising in the real production field. Additionally, the threshold 

voltage is found lower for BC transistor due to a closer proximity of contacts to the OSC-

dielectric interface that enables the channel to be formed at the lower gate voltage [176, 177].  

       
                                              (a)                                                                                     (b)                         

Fig. 2.9 Mobility variations in OTFTs based on (a) TC and BC structures and (b) Single and dual gate structures 

Significant efforts have been devoted to achieve fully flexible transistors with all the thin layers 

comprising of organic materials and were realized by simple solution processing techniques, 

wherein most of the reported flexible OTFTs are based on the BC structural design [172]. On 

the contrary, these structures undergo some disorders and meager morphology of 

semiconductor that may arise due to pre-patterned source and drain contacts. This usually 

restricts the grains of semiconductor to be deposited well near the vertical edges of these 
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contacts leading to a low device mobility and output current as well [180]. Therefore, an 

inclusion of some modified TFT structures on the basis of fabrication feasibility complying 

with low cost is necessarily required that can be further used to realize high performance 

electronic circuits.  

The performance of a single gate OTFT can be greatly enhanced with an additional gate and 

its respective dielectric [183, 184]. The dual gate structure provides low operational voltage, 

improved carrier mobility, strong channel control, and reduced subthreshold slope desirable 

for high-performance logic circuits, low-voltage electronics, and precision sensors [182, 196]. 

It is quite clear from Fig. 2.9 (b) that mobility for dual gate TFTs is higher than single gate and 

increased over the years. However, concerning to the fabrication feasibility, dual gate transistor 

may also result in the trap states in the semiconductor while preparing dielectric and second 

gate onto the active layer.  

In this context, vertical channel structures can be considered. Unlike planar OTFTs, source and 

drain are placed in vertical manner in V-OTFTs resulting in a shorter channel length (only in 

nanometers). Subsequently, the operating voltage and switching speed can be improved due to 

lower capacitance and shorter channel length. These devices can be impactful in high-speed 

flexible electronics, high resolution OLED displays, integrated sensor-display systems, and 

compact wearable biomedical devices [197, 198]. The vertical structure provides strong electric 

field due to shorter channel which enables high transconductance. As a conclusion, V-OTFT 

can be a good choice over planar TFT to achieve a high performance that too with fabrication 

feasibility on to the flexible substrates. 

2.3 ORGANIC PHOTO DIODE 

Photodiodes based on silicon are very sensitive to a wide range of wavelengths (ultraviolet to 

in-red). However, organic semiconductor-based photodiodes can particularly identify a 

designated range of light wavelengths because of specific molecular design [30]. Materials 

used in OPDs can be altered chemically which leads to faster charge extraction and dynamic 

range adjustments. Photodiode is used to convert the light into current. Hence, the major 

application of photodiode is to detect the brightness [30]. In general, an OPD consists of the 

layers of cathode, anode, acceptor, donor, and substrate as demonstrated in Fig. 2.10.  
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Fig. 2.10 Basic structure of organic photo diode 

 

Fig. 2.11 The flow of working mechanism for organic photo diode  

The photodiode operates in reverse bias by cathode connected to positive and anode to negative 

terminal of the battery. When the incident light falls on the active layer (combination of 

acceptor & donor), the bounded electrons and hole pairs inside the active layer gain some 

energy and thus free electrons and holes are generated. These free charge carriers are further 

collected at the electrodes and a photocurrent is produced. When there is no light incident on 

the active layer, a small amount of dark current flows [26]. The mentioned working mechanism 

are also depicted in Fig. 2.11. 

2.3.1 Performance parameters and importance of dark current 

The dark current of photodiode plays a vital role and should be minimum for low power 

consumption. This also improves the efficiency of detection by enhancing the photogenerated 

carriers.  
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Table 2.15. Review of different existing organic photo diode in terms of their performance  

Reference Aspect Performance Analysis 

Ng et al. 

[32] 

Presented a BHJ (Bulk Heterojunction) 

photodiode on a flexible substrate using inkjet 

printing. 

Efficient charge collection was reported 

with low dark current (<1nA/cm2). 

Lee et al. 

[33] 

Proposed a highly efficient fullerene-free 

BHJ OPD with the materials N,N-dimethyl 

quinacridone and dibutyl-substituted 

dicyanovinyl-terthiophene for donor and 

acceptor, respectively. 

The device exhibited external quantum 

efficiency of about 67% at 540nm. 

Deckman et 

al. [34] 

Fabricated a fully printed OPD with the 

capability of RGB light separation. 

Achieved EQE of ~ 37% at -4 V with the 

dark current of 0.5 nA/cm2. 

Jang et al. 

[35] 

Demonstrated a non-fullerene accepter based 

OPD and compared it with fullerene acceptor 

based OPD. 

The non-fullerene based OPD showed 

comparatively a faster time response and 

higher detectivity as 2.7 µs and 1.61×1013 

cm.Hz1/2/W, respectively. 

Titov et al. 

[38] 

Proposed a high performance OPD for 

biomedical application. 

The device showed the photocurrent and 

dark currents as 3.9 and 0.25 nA, 

respectively.  

Tordera et 

al. [199] 

Reported high-resolution slot-die-coated 

large-area BHJ OPD arrays. 

Dark current density ≈ 10-7 mA/cm2 at −2 

V. 

Baeg et al. 

[200] 

Review on recent advancements of 

phototransistors and photodiodes. 

Several applications based on OPDs were 

explored including opto-isolator, a photo-

sensor, optically controlled phase shifter, 

image sensor and opto-electronic memory. 

The researchers have reported different techniques to refine the performance parameters of 

photodiodes; photocurrent, dark current, responsivity and EQE as shown in the Table 2.15 [32-

35]. Ng et al. [32] showed a bulk heterojunction photodiode on a flexible substrate using inkjet 

printing. In this work, an efficient charge collection was obtained with low dark current 

(<1nA/cm2). Additionally, Lee et al. [33] presented an efficient fullerene-free BHJ OPD with 

the materials N,N-dimethyl quinacridone and dibutyl-substituted dicyanovinyl-terthiophene 

for donor and acceptor, respectively. The device depicted a high EQE of 67% at 540 nm. 

Furthermore, Deckman et al. [34] proposed a fully printed photo diode with the capability of 

red-green-blue light separation. This OPD exhibited an EQE of ~ 37% at -4 V with the dark 

current of 0.5 nA/cm2. Additionally, Jang et al. [35] reported a non-fullerene acceptor based 

OPD which was compared with fullerene acceptor based OPD. The non-fullerene based OPD 

comparatively achieved a faster time response and higher detectivity as 2.7 µs and 1.61×1013 

cm.Hz1/2/W, respectively. 
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2.3.2 Layer based analysis of different OPDs in recent time 

The OPDs characteristics largely depends on the precise control of the functional layers and 

thereby the device structure. The active layer (consists of acceptor and donor) serves as the 

core, where light absorption, exciton generation, and charge separation take place. Surrounding 

this, ETL and HTL facilitate selective charge extraction, ensuring efficient carrier collection 

while suppressing recombination losses [201, 202]. To further optimize the device stability and 

minimize leakage, charge-blocking layers are often incorporated [203]. This prevents the 

unwanted flow of opposite carriers which reduces dark current.  

In some advanced designs, the charge-trap generation layers are intentionally introduced to 

enable photomultiplication effects and thus enhanced the responsivity by leveraging trap-

assisted carrier injection [204]. Additionally, the CGLs are also utilized in OPDs to facilitate 

efficient carrier generation and transport to design tandem architectures with broader 

absorption and enhanced performance.  

Table 2.16. Performance improvement in existing OPDs in terms of layers 

Year Ref. Layer Materials Thickness 

(nm) 

Observations 

2025 [201] ETL Polyethylenimine-

functionalized Zinc 

Nanoparticles (PEI-Zn NP) 

25 OPDs with PEI-Zn NP ETL 

showed stable detectivity (89%, 

84%, 93%) under light, air, and 

heating with suppressed dark 

current. 

The proposed OPDs maintained 

high stability and low dark current 

under harsh environmental 

conditions, ensuring reliable 

performance. 

2025 [202] HTL Cobalt(II) acetate  20 Cobalt(II) acetate HTL enabled 

OPD with low dark current 

(1.44×10⁻⁵ A/cm²) and high 

detectivity (1.25×10⁸ Jones). MoO₃ 

material offered good stability and 

cost-effective scalability. 

2024 [205] Active 

Layer 

Poly[N-9′-heptadecanyl-2,7-

carbazole-alt-5,5-(4′,7′-di-2-

thienyl-2′,1′,3′-

benzothiadiazole)]: [6,6]-

Phenyl-C₇₁-butyric acid 

methyl ester 

(PCDTBT:PC71BM) 

 Optimized BHJ OPD 

(PCDTBT:PC71BM, 1:1) showed 

dark current 0.002 mA/cm², 

responsivity 114 mA/W, fast 

response (733/597 ms), and EQE as 

29% for sensitive visible 

photodetection. 

2021 [203] HBL Tin(IV) oxide 31 ± 7 OPDs with inkjet-printed SnO₂ 

HBL achieved low dark current (5 

nA/cm²), high responsivity (>0.5 

AW⁻¹), fast bandwidth (>2 MHz), 
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and detectivity (10¹¹ Jones at 740 

nm). 

2021 [206] HBL Bathocuproine  - OPDs with engineered carrier 

blocking layers effectively reduced 

the unwanted carriers. This leads to 

low dark current, enhanced 

efficiency which improves long-

term stability benefits critical for 

high-performance flexible and 

large-area image sensors. 

2021 [207] Active 

Layer 

TPD (N,N′-Bis(3-

methylphenyl)-N,N′-

diphenylbenzidine): Alq3 

 

- Self-powered TPD:Alq₃ (1:2) OPD 

exhibited sensitivity as 1.76×10³, 

responsivity as 5.22×10⁻⁴ A/W, and 

detectivity as 3.11×10¹⁰ Jones at 

365 nm under zero bias, which 

enabled efficient UV detection 

without external power. 

2018 [34] Single 

Active 

Layer 

PVD4650:[6,6]-Phenyl-C₇₀-

butyric acid methyl ester 

- Fully-printed OPD arrays with a 

single broadband active layer 

showed EQE ~37%, low dark 

current (0.5 nA/cm²), and 98.5% 

RGB color detection and provided 

simplified fabrication of full-color 

imagers. 

2018 [208] ETL Vanadium(V) oxide (V₂O₅) 6 The addition of an ultrathin V₂O₅ 

ETL further tuned the charge 

extraction, and enhanced the device 

response to a new range of ~13.2 

mA/cm² (OFF) and ~20.7 mA/cm² 

(ON). 

2018 [209] Active 

Layer 

Poly[(4,8-bis(2-

ethylhexylthienyl)benzo[1,2-

b:4,5-b′]dithiophene)-alt-

(thieno[3,4-c]pyrrole-4,6-

dione)] (PBDTT-8ttTPD) 

1100 A thicker active layer was used to 

increase absorption of visible light 

(500–650 nm) due to PBDTT-

8ttTPD’s high molar absorption 

coefficient. 

2015 [210] ETL Amorphous Indium Gallium 

Zinc Oxide (a-IGZO) 

7.5 OPDs with a-IGZO ETL achieved 

low dark current (10 nA/cm² at −2 

V) and high detectivity (3 × 10¹² 

Jones at 550 nm). This resulted in 

enhanced reproducibility, and 

easier integration with IGZO 

backplanes. 

As highlighted in Table 2.16, recent studies on OPDs emphasize the importance of interfacial 

and blocking layers engineering, active layer optimization, and scalable fabrication for 

achieving high performance. Advanced electron and hole blocking layers including PEI-Zn NP 

and inkjet-printed SnO₂, effectively reduce the dark current, enhance detectivity, and maintain 

stability under light, air, heating, or repeated bending cycles. Moreover, the use of a-IGZO 

material as the ETL provides very low dark current, high detectivity, and excellent 
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reproducibility as compared to TiOx. On the other hand, utilization of solution-processed 

Co(OAc)₂ HTL, reduces the noise current and improves the device stability due to thick active 

layers enabling stronger absorption without sacrificing transport due to high mobility. 

In nutshell, these findings highlight that material innovation, blocking layer design, and 

printing-based scalable fabrication strategies are the keys for advancing OPDs with high 

detectivity, low dark current, mechanical flexibility, and operational stability for next-

generation imaging, sensing, and portable optoelectronic applications. The OPDs have vastly 

designed and reported with HBL, HTL, ETL, and active layers (Table 2.16), but the CGLs are 

not explored up to that extent. Incorporating CGLs can enable more efficient charge separation 

and transport, reduction in dark current and improved detectivity beyond the conventional 

layers. This is particularly critical for biomedical applications, where detecting weak optical 

signals with high sensitivity and stability is essential. Therefore, exploring CGLs in OPDs may 

open new directions for high-performance, flexible, and ultra-sensitive biosensors. 

2.4 SOLUTION PROCESSING FABRICATION TECHNIQUES FOR 

FLEXIBLE ELECTRONIC DEVICES 

Some traditional fabrication techniques like physical vapor deposition and thermal evaporation 

have contributed in a large extent for manufacturing OLED devices. But the recent trend 

demands some versatile and low-cost techniques including inkjet printing, screen printing, and 

spin coating. Unlike vacuum deposition, screen printing process permits a reduction in use of 

materials as these are only needed for printed areas [211]. Some important solution processing 

techniques are discussed in the following sub-sections.  

2.4.1 Spin coating 

Soluble polymers can be deposited using spin coating in monochrome displays. A uniform 

deposition of emissive material in the form of drop occurs on the flat substrate and further it is 

rotated at a high-speed multiple times until it gets the desired thickness as shown in Fig. 2.12 

(a). In this process, the carrier material is evaporated at a faster rate and this results in a uniform 

deposition of film. The parameters including spin time, fume extraction, speed of spin coater, 

temperature, fluids volatility and viscosity are greatly responsible for the thickness of film. The 

spin coating process has been opted by many researchers to improve the organic devices. In 

2012, Hyun et al. [212] demonstrated a method for corrugated structure using spin coating 

process to improve the light extraction for organic LEDs. The performance parameters were 
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controlled by mixing ratio of solution of SiO2 and TiOx and varying the speed of spin-coating 

process. 

                               

                   (a)                                                                             (b) 

Fig. 2.12 (a) Processing steps for spin coating and (b) inkjet printing techniques 

Yuan et al. [98] proposed a low-cost simple spin coating method to form a distributed embossed 

structure produced by Al2O3 nanospheres. The performance in terms of maximum current 

efficiency, power efficiency and EQE is achieved as 52.1 cd/A, 32.7 lm/W and 20.9%, 

respectively. Further, in 2020, Juhari et al. [213] analysed the electrical and structural properties 

of ITO/PEDOT:PSS doped polyethylenimine ethoxylated organic LED using spin coating 

technique. 

2.4.2 Inkjet printing 

OLED materials are sprayed out through inkjet head on the substrate in the similar manner as 

paper printing is done. This process is applicable for large devices as large films can be printed 

[214]. High resolution, easy multi layered deposition, cost effective process are the main 

advantages of this printing process. The figure 2.12 (b) highlights the flow for inkjet printing 

process. In 2019, Xing et al. [215] proposed a high luminance phosphorescent inkjet printing 

organic OLED with hole transporting material m-MTDATA (4,40,400-tris[3-methyl-

phenyl(phenyl)amino]-triphenylamine). The OLED exhibited maximum luminance of 13240 

cd/m2. Furthermore in 2020, Zheng et al. [18] proposed a highly efficient blue OLED based on 

inkjet printing having a novel host material mCP for the EML. In this device, the brightness 

was obtained as 92.7% which is good enough to realize a highly efficient large area display 

using inkjet printing. Additionally, Hu et al. [216] utilized inkjet printing to demonstrate a novel 
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display based on blue OLED and green and red quantum dots color conversion layers. The 

inkjet method in this report provided a cost-effective display for quantum dots applications. 

2.4.3 Screen printing 

In this process, a screen mask is utilized to squeeze the ink to get print patterns. The screen 

printing is widely applicable in commercial usage of printed circuit boards, active polymer 

layer and electrode printing. To avoid the screen blockage, particle size should be large enough. 

This process requires less use of materials as they are directed onto substrate at faster rate as 

compared to inkjet printing. In 2017, Preinfalk et al. [217] reported a cost-effective screen-

printing method for the deposition of high refractive index scattering polymer: TiO2-

nanoparticle mixture onto a large area. In this research, luminous efficacy was increased up to 

56%. Additionally, in 2019, Wan et al. [218] developed a printable mesoscopic perovskite solar 

cell containing triple layer scaffold of TiO2/ Zirconium Dioxide/carbon. The screen-printing 

process was used for the deposition of scaffold which resulted in low- cost photovoltaics.  

The fabrication process of organic layers depends on the type of materials whether it is small 

molecule [219] or conducting polymer [220]. Small molecule semiconductors, such as 

pentacene and oligothiophenes are widely employed owing to their high mobility, however, 

their inferior solubility makes them inappropriate for realizing through inexpensive printing 

methods. In contrast, conducting polymers, such as poly(3-hexylthiophene) and polythiophene 

exhibit low mobility but excellent solubility in a variety of organic solvents including 

chloroform and toluene [161], thereby promising for low cost and large area flexible devices. 

The main aim to explore different fabrication techniques and their advantages is to build an 

insight for selection of the soluble organic materials for different layers of the OTFT, OLED 

and OPD for possible realization of flexible devices.  

2.5 DIFFERENT APPLICATIONS OF FLEXIBLE DEVICES 

Organic electronics is a new technology that provides various applications in terms of OTFT 

driven OLED, sensors, biomedical, military, etc. It was a real challenge to replace inorganic 

devices by organic one. The properties including flexibility, large area fabrication, 

transparency, and wider viewing angle made organic devices suitable to compete with 

conventional devices. Some important applications of flexible devices are discussed here.  

2.5.1 Bio-medical applications 

The utilization of fluorescence detection for various bio-medical applications such as; oximeter 

sensor, cancer detection, monitor of protein-DNA interactions, heart stroke detection, etc. has 
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been on rise and firstly introduced by Heyduk and Lee in 1990 [221]. The integration of organic 

light emitting diode and organic photo diode well suits for these kinds of health-care 

applications and are illustrated in Table 2.17.  

Table 2.17. Different bio-medical applications using OLED and OPD 

Year Reference Improvement Technique Observations 

2025 Tiwari et al. 

[222] 

 

Provided technique for cancer 

treatment using flexible LED and 

photodiode.   

Various cancer such as; skin, ovarian, 

prostate and glioma were investigated. 

Suitable for non-invasive diagnostic 

application.  

2024 Kim et al. 

[223] 

 

Reported a wearable quantum dot-

OLED for real time high power 

photomedicine. 

Higher power density (23.28 mW/cm2). 

Encapsulation performance 6×10-6 

g/m2day. 

Devices successfully detected PPG 

(Photoplethysmography) signals. 

2022 

 

Liu et al. 

[224] 

 

Development of a fluorescence 

sensing platform for specific and 

sensitive detection of pathogenic 

bacteria in food samples.  

Detected one strain of S. aureus, ATCC 

29213.  

Limit of detection: 6 cfu/ mL  

 

2022 

 

Zhang et al. 

[225] 

 

Established two kinds of test strips 

for RBD (Receptor Binding 

Domain) and N antigens of SARS-

CoV-2 with high sensitivity and 

specificity. 

 

Limit of detection: 6.9 ng/mL for RBD 

protein and 7.2 ng/mL for N protein. 

Test strip showed a high anti-interference 

capacity in complex bio-samples. 

2021 

 

Lee et al. 

[226]  

 

Reported a compact, standalone 

device for the detection of COVID-

19.  

 

Developed system performed SARS-

CoV-2 RNA detection within 20 min of 

sample loading. 

Limit of detection reached 3 copy/μL.  

2021 

 

Guo et al. 

[227] 

 

Developed ultra-sensitive 

fluorescence sensor for proactive 

prognosis of COVID-19. 

 

Detected spike protein with a detection of 

limit 1.6 ng/mL and nucleocapsid protein 

of limit 2.2 ng/mL. 

2019 

 

Khan et al. 

[228]  

 

Demonstrated a reflectance 

oximeter sensor device using a light 

emitter, a detector and an optical 

barrier between emitter and 

detector. 

Using this method, three sensor 

geometries; rectangular, bracket, and 

circular were designed.  

2019 

 

Negi et al. 

[229] 

 

Reported organic LED based light 

sensor for detection of ovarian 

cancer. 

 

Multi-layered OLED generated a current 

of 29 mA and 13 mA at an incident 

wavelength of 420 (not-detected) and 440 

nm (detected) respectively.  

2018 

 

Lim et al. 

[40] 

 

Presented an oxygen sensor device 

using the same OLED-OPD 

combination. 

Simultaneous monitoring of TcPO2 

(Transcutaneous Oxygen Pressure) is 

incorporated to sense oxygen level in the 

human body.  

It is observed from the table that OLED-OPD device combination can be used as the bio-sensor 

for the detection of diseases. When light emitted from OLED passes through a sample (blood, 
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urine, saliva, etc.), then elements present in the sample alters the properties of light that may 

be intensity or wavelength. If this change can be detected and differentiate efficiently by an 

OPD, then it can be found whether the sample is infected by some virus/disease or not.  

2.5.2 Sensors 

Another important application of organic LED is to use as the sensor. In 2011, Kim et al. [230] 

reported a highly sensitive ultrathin active-matrix OLED device with the property of capacitive 

touch sensors. The touch sensor device of thickness 1.2 mm was developed to be operable at 

200°C. Further, Watanabe and group [231] fabricated an 8.76-inch diagonal sized in-call touch 

sensor using foldable OLED device. The properties of this display observed unaltered even 

after 105 folding operations. The display showed pixel size of 0.100 mm× 0.100 mm. Also, the 

aperture ratio, pixel density and number of effective pixels were obtained as 46%, 254 ppi, 

1080×RGBY (red-green-blue-yellow) ×1920, respectively. Additionally, Barre et al. [232] 

presented some OLED based applications for military including assistant gunner display, night 

vision goggles and vision enhancement system. The researchers Trakalo et al. [233] reported 

three display devices; OLED DDACT, OLED assistant gunner display and Polymer-OLED 

assistant gunner display to be useful for military.  

2.5.3 OTFT driven OLED applications 

OTFTs are widely used as the switching element to drive the OLED arrays for smart selection 

of pixel. Also, in some cases, if OTFT driven based OLED circuit is realized then using a high 

performance OTFT, the OLED can achieve the required current for light emission 

comparatively at lower voltage. In 2009, Katsuhara et al. [234] realized a full color AMOLED 

display (named C1 for comparison purpose) on the flexible substrate and driven by pentacene 

semiconductor based OTFT (Fig. 2.13 (a)). This display showed a high electrical and 

environmental stability. In 2011, Noda et al. [235] reported an OTFT driven rollable and 80 

µm thick AMOLED display (named C2). The picture quality and initial properties of this 

display remained same even after 1000 cycles of roll up. The circuit arrangement of pixel panel 

is shown in Fig. 2.13 (b) that contains one capacitor and two organic transistors (one as a switch 

and other as driving source). This circuit operated at the frame rate of 60 Hz. The pixel size, 

display size, resolution, and peak luminescence for this display were obtained as 210 µm × 210 

µm, 4.1 inch wide, 121 ppi, 100 cd/m2, respectively. 
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                                           (a)                                                                                     (b)                                                                      

 

 

 
(c) 

Fig. 2.13 Pixel circuits for OTFT driven AMOLED for (a) C1, (b) C2, and (c) C3 

Table 2.18. Performance comparison of three different displays based on OTFT driven AMOLEDs  

Aspect C1 [234] C2 [235] C3 [236] 

Pixel Size 318 µm × 318 µm 210 µm × 210 µm 1.5 mm× 1.5 mm 

Display Size 2.5 inch 4.1 inch 2.7 inch 

Resolution 80 ppi 121 ppi 32×32 

Peak Luminescence 150 cd/m2 100 cd/m2 64,459 cd/m2 

Contrast Ratio - >1000:1 - 

Scan Voltage 30 Vp-p 20 Vp-p - 

Signal Voltage 12 Vp-p <10 Vp-p - 

Thickness 0.4 µm 80 µm 30 µm 

In 2016, Kim et al. [236] reported an AMOLED display (C3) fabricated on polyethylene fabric 

substate.  A TIPS pentacene (6,13-bis(triisopropylsilylethynyl)pentacene) based OTFT was 

utilized to drive the organic LED. A capacitor, OLED and two OTFTs are arranged as the pixel 

circuit (Fig. 2.13 (c)). Table 2.18 depicts the performance comparison of three different OTFT 
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driven active-matrix OLEDs; C1, C2 and C3 based on pixel size, display size, resolution, 

luminescence, contrast ratio, signal voltage and thickness.  

The flexible electronic devices; OTFT, OLED, and OPD are observed promising for sensors 

and biomedical applications. Their properties including lightweight, mechanical flexibility, 

solution-processed low-cost fabrication, and usage of flexible economically viable substrates, 

make them suitable for wearable and implantable systems. OTFTs can enable real-time 

monitoring and efficient signal amplification in bio-medical circuits. The major requirement in 

OLED based display is to produce high luminance, low Ioff and small Von at low voltage 

operation that can be addressed using OTFT as the driving element.   

2.6 RESEARCH GAPS 

Productive research towards organic devices has ensured their potential use in the commercial 

applications and researchers have resolved various challenges related to organic devices. 

Undoubtedly, organic TFTs, OLEDs and OPDs have already been realized in applications 

requiring large area coverage, structural flexibility, and low cost. Nevertheless, some issues 

still need to be resolved for their robust and consistent use. Based on the all-embracing 

literature review, some gaps are identified and discussed in the following points: 

• The performance of organic transistors is observed much dependent on the structural design 

even with same set of materials. Short channel length devices are preferred owing to their 

low operating voltage (leads to lower power consumption), faster switching, improved 

current and lower contact resistance. Vertical channel based TFTs can be a solution to 

achieve short channel length (nano-meters) based on the thickness of active layer. It is 

further imperative to understand the conduction mechanism in these TFTs so that some 

structural improvements can be made to further augment their performance.  

• Researchers have devoted very hard efforts to improve the performance of flexible OLEDs 

by incorporating electron/hole transport, electron/hole injection, and hole blocking layers. 

These layers play an important role in improving charge transport, efficiency, luminescence 

and current. Further addition of some novel layers like charge generation, spacer and mixed 

interlayer can further lead to an improvement by efficient charge recombination. Inclusion 

of CGLs may lead to generate more electron-hole pairs and subsequently can result in better 

luminescence and current density. In fact, these layers can also improve the performance 

of OPDs. 
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• In recent times, OLEDs are realized in numerous worthwhile applications like large flexible 

displays, foldable displays, touch screen sensors, etc. A new dimension based on OLED-

OPD integration for biomedical application is also explored. However, some more insight 

is required towards proposing OLED and OPD devices with similar structure and 

dimensions to realize on the single platform which can reduce complexity of fabrication 

process and may even lead the device realization at comparatively lower cost. Therefore, it 

is needed to select the material for layers of OLED and OPD wisely to perform a particular 

bio-medical application.   

• The integration of OLED and OPD is a promising solution for biomedical diagnostics and 

sensing and several reports are available that focuses towards successful cancer detection. 

Some more applications including Covid-19 detection and heart rate monitoring can be 

further focused with potential use of OTFT, OLED and OPD devices. If these findings can 

be done at early stage, then these ailments can be cured and can improve the mortality rate.  
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CHAPTER-3 

SHORT CHANNEL FLEXIBLE VERTICAL ORGANIC THIN 

FILM TRANSISTOR 

3.1 INTRODUCTION 

The organic thin film transistor is a category of field effect transistor that utilizes organic 

material for conduction instead of conventional semiconductors. These devices have many 

attractive features such as large area fabrication, mechanical flexibility, cost-effectiveness, and 

low temperature processing that makes these devices embracing unique characteristics and 

interesting for researchers. These devices contain a variety of structures including single gate, 

dual gate, vertical channel, and cylindrical.  

Each of these structures has its own benefits and are therefore suitable for a varying range of 

applications. In a single gate structure, bottom gate configuration is preferred owing to an ease 

of surface smoothening at interfaces and processing with solution processing techniques. On 

the other hand, dual gate structure is utilized for higher current and lower threshold voltage 

requirements. Dual gate device provides better charge carrier injection due to dual biasing at 

gates. Apart from single and dual gate configurations, vertical structures of TFTs are reported, 

in which source and drain are placed in vertical arrangement. This vertical arrangement leads 

to achieve short channel OTFTs and thus liable for fast switching and operation at low voltage.  

Even though significant progress has been made for enhancing the performance of organic 

TFTs, still a scope exists for improvement. During the recent decade, the researchers have 

devoted lot of efforts in refining the vital parameters of transistors with a major focus on charge 

carrier mobility. Few solution-processed organic materials such as; diF-TES-ADT (5,11-

bis(triethylsilylethynyl)anthradithiophene), TIPS pentacene and C8-BTBT (2,7-dioctyl[1] 

benzothieno[3,2-b][1]benzothiophene) have reported higher mobilities [237, 238]. These 

materials exhibit adequate stability in air which is very important for industrial applications. 

Despite these features, the mobility still shows a big scope for improvement. Therefore, the 

performance of these organic material-based devices is not analogous to conventional 

transistors.  

The mobility is not just a material related parameter and affected by device structure as well. 

Therefore, to resolve the issue pertaining to the device mobility, the devices containing short 

channel length (in nm) are quite beneficial and are analysed in this chapter. Subsequently, a 
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performance comparison is made for existing vertical channel structures. In addition to this, a 

novel vertical channel structure is proposed for possible performance enhancement. Therefore, 

following objective is framed here to obtain a high-performance short channel vertical OTFT: 

“Design and structural analysis of high performance flexible vertical thin film transistor 

and comparison with existing OTFTs.” 

To realize the desired objective, the methodology includes following steps: 

• Validation of a planar BGTC transistor using Silvaco Atlas. 

• Comparative analysis of planar and vertical TFTs in terms of performance parameters 

drain current, threshold voltage and mobility.  

• Design a short channel flexible Vertical OTFT (VOTFT) and compare its performance 

against planar and other vertical TFTs. 

• In-depth internal analysis of the proposed novel VOTFT using vertical and horizontal 

cutline to understand the device behaviour in terms of valance band, conduction band, 

potential, current density and hole concentration.   

The chapter is aimed at improving the performance of OTFT through structural variation. A 

novel vertical channel OTFT structure is proposed in the present work. This proposed device 

is compared with other existing structures to investigate the impact of proposed architecture on 

different performance parameters including current, threshold voltage, mobility and Ion/Ioff 

ratio. Additionally, devices internal device analysis is conducted on proposed device along with 

other devices. The internal analysis is intended to investigate the facts associated with better 

performance of the proposed device in terms of band energy, potential, current density, and 

hole/electron concentration. 

This chapter is arranged in six sections including this introductory section numbered as 3.1. In 

Section 3.2, the performance analysis of an existing planar TFT is incorporated. Subsequently, 

in Section 3.3, this planar TFT is compared with a vertical OTFT structure and other vertical 

OTFTs are also analysed. In Section 3.4, the performance of proposed novel vertical TFT is 

analysed. Additionally, the proposed device is compared with existing devices in terms of 

threshold, mobility, drain current and on-off current ratio. Further, an in depth understanding 

of proposed VOTFT behaviour is shown using cut line analysis in Section 3.5. The summary 

of the complete research work of this chapter is highlighted in Section 3.6. 
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3.2 CHARACTERISTIC ANALYSIS AND PARAMETERS EXTRACTION 

OF SINGLE GATE PLANAR TRANSISTOR 

In this section, a BGTC thin film transistor with C8-BTBT (2,7-dioctyl[1] benzothieno[3,2-

b][1]benzothiophene) active layer material is simulated using Silvaco Atlas 2-D device 

simulator [238]. A high-k ultrathin polymer; pC1B5 (Phosphorus pentachloride) is used as the 

gate dielectric. The Au/MoO3 bilayer electrodes with 70/20 nm thickness are used for source 

and drain electrodes. The layer of MoO3 is placed between Au and C8-BTBT to enable smooth 

charge carrier injection [239] and helps in adhesion between the two layers. The device 

structure is shown in Fig. 3.1. The material and thickness of different layers; source, gate, drain, 

active layer and gate dielectric used in the device are summarized in the Table 3.1. The channel 

length and width are kept at 200 µm and 1000 µm, respectively. 

 

Fig. 3.1 Structure of BGTC planar TFT (D1) 

Table 3.1. Materials and thickness of different layers of D1 

Layer Material Thickness (nm) 

Source/Drain Gold 70 

Source1/Drain1 MoO3 20 

Active Layer C8-BTBT 30 

Gate Dielectric pC1B5 29 

Gate Aluminium (Al) 50 

Table 3.2. Material’s specification for different layers of D1 

Parameter Value 

Band gap (C8-BTBT) 2.7 eV 

Density of conduction band (C8-BTBT) 1×1021 cm-3 

Density of valence band (C8-BTBT) 1×1021 cm-3 

Acceptor doping concentration (C8-BTBT) 6.5×1017 cm-3 

Dielectric constant of C8-BTBT 5 

Dielectric constant of pC1b5  7.5 

Table 3.2 highlights the properties of semiconductor and dielectric materials used in the device. 

The simulator predicts the electrical characteristics of the device by utilizing a set of differential 

equations derived from Maxwell’s laws. These contain Poison’s, transport, and continuity 
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equations. These equations are applied onto 2D/3D grid consisting of multiple grid points 

called nodes. The complete process is used to simulate the carrier’s transportation in the device 

structure. Further, the device electrical performance can be modelled in DC, AC or transient 

modes of operation. 

To simulate the organic device behaviour, Poole-Frenkel mobility model, proposed by Frenkel 

in 1938, is included to obtain the results under specified boundary conditions. This model is 

given as:  

µ(𝐸) = µ0𝑒[−
𝛥

𝑘𝑇
+(

𝛽

𝑘𝑇
−𝛾)√|𝐸|

                                                                                                                   (3.1) 

where µ, µ0 and E are field dependent mobility, zero field mobility, and electric field, 

respectively. Additionally, the parameters Δ, k, T, β and γ represent activation energy at zero 

electric field, Boltzmann constant, effective temperature, hole Pool–Frenkel factor and fitting 

parameter, respectively.  

 

     
 

(a) 

 

       
 

(b) 

Fig. 3.2 (a) Simulated device structure of BGTC (planar) transistor and (b) Representation of layers with current 

flow-lines from source to drain 
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                                                      (a)                                                                             (b) 

Fig. 3.3 (a) Transfer characteristics of experimental and simulated planar devices along with threshold voltage 

and (b) Drain characteristics of planar device 

Figure 3.2 (a) demonstrates planar device structure with different regions obtained by using 

TolyPlot tool in Silvaco. Further, Fig. 3.2 (b) depicts the current flowlines in the structure. 

Here, it can be observed that the channel is formed just above the dielectric-semiconductor 

interface from source to drain contact in a horizontal manner. The transfer characteristics of 

simulated and experimental OTFTs are compared and show a close match [238], as shown in 

Fig. 3.3 (a). The threshold voltage is obtained by plotting a straight line on current-voltage 

characteristics and extended at x-axis as mentioned in the figure. The maximum drain current 

is obtained as 11 µA at gate voltage of -5 V (Fig. 3.3 (b)).  

Table 3.3. Parametric comparison of simulated (D1) and experimental device 

 

Parameters Experiment [238] Simulation (D1) 

Threshold Voltage Vt (V) -1.8 -1.7 

Maximum Drain Current IDmax (µA) 12 11 

Ion/Ioff >106 1×106 

Saturation Mobility µsat (cm2/V.s) 3.3 3.1 

Further, the Vt, IDmax, Ion/Ioff and µsat are also extracted and compared. These parameters are 

summarized in Table 3.3. The results highlight a close match between experimental and 

simulated transistors. The close match between the experimental and device D1 reflects that the 

parameters and other aspects considered for the simulation match with the empirical fabrication 

conditions and thus set the boundaries for simulation of other devices. 

3.3 PERFORMANCE COMPARISON OF VERTICAL AND PLANAR 

TRANSISTORS 

The vertical channel device depicts better performance as compared to the planar device owing 

to their smaller channel length. To analyse the impact of vertical channel on the device 
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performance, this section compares the performance of planar and vertical TFTs keeping 

material and layer thickness same for both devices. Figure 3.4 outlines the structure of vertical 

device (named D2) [192]. In D2, vertical stacking of source and drain electrodes are 

incorporated. These electrodes are separated by an insulating spacer and a semiconductor layer. 

Table 3.4 summarizes the comparison of planar and vertical device in terms of performance 

parameters; Vt, IDmax, Ion/Ioff and µsat. The table highlights a remarkable improvement for device 

D2 as Vt, IDmax, and µsat are improved by 18, 2 and 9 times, respectively in comparison to D1. 

 

Fig. 3.4 Device structure for vertical thin film transistor (D2)  

              

                                    (a)                                                                                      (b) 

Fig. 3.5 (a) Comparison of transfer characteristics of D1 (planar) and D2 (vertical) devices along with 

threshold voltage and (b) Drain characteristics of D2 device 

Table 3.4. Parametric comparison of planar (D1) and vertical device (D2) 

Parameters Planar Device (D1) Vertical Device (D2) 

Threshold Voltage Vt (V) -1.8 -0.9 

Maximum Drain Current IDmax (µA) 12 221 

Ion/Ioff >106 2.3×1010 

Saturation Mobility µsat (cm2/V.s) 3.3 30.2 
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Figure 3.5 (a) illustrates the comparison of transfer curves of D1 and D2 devices along with the 

threshold voltage. The figure highlights an enhancement in current for D2 than that of D1 on 

the same applied bias. Figure 3.5 (b) shows the drain characteristics of D2 at different VGS 

ranging from 0 to -5 V. The maximum drain current is obtained as 221 µA at VGS = -5 V. 

 

(a) 

 

(b) 

Fig. 3.6 (a) Simulated vertical device structure (D2) and (b) Current flowlines inside the device 

 

Further, the internal device analysis is performed in the TonyPlot tool of Silvaco. The device 

structure and current flowlines are shown in Figs. 3.6 (a) and (b) for device D2. In Fig. 3.6 (b), 

it is clearly observed that the channel is formed in a very small region (in nano-meter range) of 

active layer between source and drain and is in the vertical direction. Subsequently, the drain 

current and mobility, both are remarkably improved. 

3.3.1 Cutline analysis for vertical and planar TFTs 

In this section, internal analysis is performed for both D1 and D2 devices. This internal analysis 

examines the device behaviour in depth and thereby, helps in establishing the facts for the 

enhanced performance of device D2 over D1. The internal analysis is conducted by drawing a 



64 
 

cutline in TonyPlot within the channel to examine the difference in various internal parameters. 

In device D1, a horizontal cutline is drawn at 1 nm (Y-axis) above the dielectric layer where 

the channel is formed. On the other hand, in device D2, horizontal cutline is drawn in the 

channel at 5 nm (Y-axis) as highlighted in Fig. 3.6 (b). In this device, the current is flowing 

across a U-shaped channel from source to drain. Hence, in this device, two different channels 

are developed due to the structural variation that too of short channel length (in nm). This 

results in significant enhancement in performance of D2. 

Figure 3.7 shows band energies, potential and current densities for both planner and vertical 

channel devices. In these figures, X-distance is representing the total device length (220 µm). 

Figures 3.7 (a) and (b) highlight the band energy profile of D1 and D2 in terms of valence and 

conduction band energies. In Fig. 3.7 (b), two different band are demonstrated as two channels 

are formed at both side of source electrode. Further, it is observed that the channel length in 

device D2 is much smaller as compared to that in D1. Additionally, in vertical device two 

channels are formed, one on each side of the source, which directly results in higher carrier 

injection and a lower threshold voltage values. Further, the potential distribution in D1 and D2 

devices are shown in Figs. 3.7 (c) and (d), respectively. In both figures, it is observed that drain 

is at highest potential and source is at lowest potential value. There is a steep change in potential 

for D2 as compared to D1 in the channel. This highlights a strong electric field in the channel 

region resulting in a higher carrier accleration for D2. However, in D1 the potential variation is 

comparatively gentle between the source and the drain terminals. This is the probable reason 

for higher mobility of carriers in D2. 

                          

                                                  (a)                                                                                (b) 
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                                                (c)                                                                                   (d) 

                    

                                                (e)                                                                                  (f) 

Fig. 3.7 Band energy for (a) D1 and (b) D2, Potential distribution for (c) D1 and (d) D2, current density for (e) D1 

and (f) D2 

Figures 3.7 (e) and (f) are respresenting the current density of D1 and D2, respectively. Device 

D1 exhibits the maximum current density of 109 A/cm2 at X= 10 nm. This value further keeps 

decreasing towards the drain electrode and becomes zero at X= 200 nm. As compared to this, 

it is noticed from the Fig. 3.7 (f) that current density for D2 depicts a high value from 50 nm to 

60 nm and again from 160 nm to 170 nm i.e. where the vertical channel formation takes place. 

Thus, the maximum current density is obtained as 169 A/cm2, which is quite higher than that 

of D1. All these figures suggest the presence of strong electric field in the channel region for 

D2, resulting in higher carrier transfer and thus enhanced performance of the device. 

3.3.2 Performance analysis of different vertical structures 

The results in the previous section highlights the effectiveness of vertical structure in enhancing 

the performance of the organic transistors. Therefore, different arrangements of vertical 

transistors are analysed in the present section. Two other vertical structures D3 [240] and D4 

[241] devices are considered for analysis. Device D2 is now compared with these two vertical 
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devices D3 and D4. The materials of various regions in all three vertical TFT devices; D2, D3 

and D4 are kept same as in planar device with the same possible layer thickness.  

                               

                                     (a)                                                                               (b)                                                    

Fig. 3.8 Vertical structures of (a) D3 and (c) D4 devices 

In the D2 device, source and drain electrodes were placed vertically and separated by an 

insulating spacer and a semiconductor layer. On the other hand, in D3 device, the source is 

placed above the dielectric and drain is placed above the OSC layer as depicted in Fig. 3.8 (a). 

As the channel is vertical and developed between source and drain, the channel length depends 

on the thickness of the active layer. Next, in device D4, the source and drain electrodes are 

placed below the OSC layer in vertical manner. Here, the drain electrode is utilized in split 

form. The channel length is determined by the distance between source and drain. All D2, D3 

and D4 devices exhibit short channel which can counter the drawbacks of conventional organic 

TFTs. 

Table 3.5. Materials and thickness of different regions in three vertical devices 

 

 

 

 

 

Table 3.6. Comparison of performance parameters of three vertical Devices 

 

Parameters  D2 D3  D4 

Threshold Voltage Vt (V) -0.9 -1.7 -1.3 

Maximum Drain Current IDmax (µA) 221 82.5 120 

Ion/Ioff 2.3×1010 0.8×1010 0.1×1011 

Saturation Mobility µsat (cm2/V.s) 30.2 9.7 15.2 

 

Layer Material Thickness (nm) 

D2 D3 D4 

OSC C8-BTBT 30 30 30 

Source Gold 90 90 10 

Drain Gold 90 90 10 

Gate dielectric pC1B5 29 29 29 

Gate Al 50 50 50 
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Fig. 3.9 Comparison of transfer curves of D2, D3 and D4 along with the threshold voltages 

 

The thickness of different layers for all vertical channel TFTs is summarized in Table 3.5. In 

device D4, source and drain are considered of 10 nm thickness each due to the structural 

variation. However, change in electrode thickness does not affect the performance of the 

transistor. Table 3.6 highlights the performance parameters of D2, D3 and D4 devices. The D2 

device outperforms all other devices and parameters; Vt, IDmax, µsat are improved by 0.5, 2.6, 

3.1 times as compared to D3 and 0.69, 1.8, 1.9 times than D4 device. Figure 3.9 highlights the 

comparison of transfer characteristics for D2, D3 and D4 along with extraction of threshold 

voltage. The maximum drain current at gate-source voltage (VGS) and drain-source voltage 

(VDS) both equal to -5 V is obtained as 221, 82.5, 120 µA for D2, D3 and D4, respectively. 

Addition to this, D2 is operating at threshold voltage of -0.9 V which is smaller than D3 and D4. 

The facts for the better performance of device D2 over D3 can be attributed to the dual channel 

formation in D2 configuration. On the other hand, D2 is better in comparison to D4 due to better 

gate control over the channel regions. 

3.4 PROPOSED VERTICAL TFT  

In the previous section, it is observed that the vertical channel is influential in ameliorating the 

device performance and even vertical channel-based devices show performance variation due 

to relative position of the layers and formation of the channel differently. Therefore, a novel 

vertical TFT (D5) is designed and analysed (Fig. 3.10) in the present section, with an aim to 

further improve the device performance in terms of drain current and mobility parameters. The 

materials and thicknesses of D5 are kept same as of D2, D3 and D4 to make a fair comparison. 

The proposed vertical TFT exhibits a ditch in the dielectric filled with semiconductor.  



68 
 

 

Fig. 3.10 Proposed vertical TFT structure (D5) with a ditch in dielectric filled with organic semiconductor 

 

(a) 

 

    (b) 

Fig. 3.11 (a) Simulated structure of proposed device D5 and (b) Current flowlines along with horizontal cutline 

Table 3.7 consists of the materials and thickness of layers for D2 and D5 devices. Although, the 

thickness of gate dielectric is varied from 29 to 59 nm and gate from 50 to 80 nm due to the 

structural changes incorporated in D5 device. Figures 3.11 (a) and (b) illustrate the device 
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structure and current flowlines in proposed VOTFT. It is evident from Fig. 3.11 (b), that the 

current density is much higher in case of device D5 as compared with the D2. The current 

voltage characteristics of device D5 is shown in Fig. 3.12. 

Table 3.7. Materials and thickness of different regions of D2 and D5 

Layer Material Thickness (nm) 

D2 D5 

OSC C8-BTBT 30 30 

Source Gold 90 90 

Drain Gold 90 90 

Gate dielectric pC1B5 29 59 

Gate Al 50 80 

A comparison of the performance parameters of the two devices D2 and D5 is outlined in Table 

3.8. It highlights that the proposed device exhibits IDmax and µsat as 528 µA and 80.8 cm2/V.s 

which are higher by 2.38 and 2.67 times (approx.) than that of D2 device. In the table, D2* 

illustrates the performance of D2 device wherein dielectric and gate layers are kept at 59 nm 

and 80 nm thickness, respectively. The dimensions of D2* is similar to D5 device. It is observed 

from the table that when both the devices have similar dimensions then performance of the 

proposed device D5 is far better compared to the D2*. Also, there is only slight variation in the 

performance of the device D2* as compared with D2.  

Table 3.8. Parametric comparison for D2 and D5 

 

Parameters Device D5 

(Proposed) D2 D2* (at gate= 80 nm, 

dielectric = 59 nm) 

Threshold Voltage Vt (V) -0.9 -0.8 -1.5 

Maximum Drain Current IDmax (µA) 221 161 528 

Ion/Ioff 2.3×1010 7.8×106 1.1×109 

Saturation Mobility µsat (cm2/V.s) 30.2 18.7 80.8 

 

           
                                           (a)                                                                                   (b) 

    Fig. 3.12 (a) Comparison of transfer characteristics of D2 and D5 and (b) Drain characteristics of D5 device 
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Figures 3.12 (a) and (b) show the transfer and drain characteristics of proposed device. Figure 

3.12 (a) highlights a performance enhancement of device D5 over D2. The performance of the 

proposed novel structure (D5) is significantly higher in comparison to other devices: D1, D2, D3 

and D4 as shown in Fig. 3.12 (b). The higher performance of D5 is probably owing to its ditch-

based structure that leads to comparatively higher vertical electric field strength around the 

source contact resulting in a high charge carrier injection. In D2, on applying negative potential 

at gate terminal, holes start accumulating towards the gate and the source side as their biasing 

is more negative compared to the drain. It can be seen in Fig. 3.4 that the complete channel is 

developing in both the directions (vertical and horizontal). Here, from source to OSC, the 

channel is strongly induced but it is comparatively weak as we move from OSC to drain due to 

the biasing. On the other hand, in case of D5, the gate and the dielectric layers are twisted 

towards OSC which should result in additional charge carriers into the vertical channel created 

towards the drain side as well. This should enhance the current density and mobility of the 

proposed device. Two more vertical OTFTs; D6 [242] and D7 [243] are analysed to confirm the 

improved performance of proposed structure. Table 3.9 summarizes the performance of all six 

different vertical devices analysed with same materials and possible layer thickness.  

              
              (a)   

 
          (b) 

Fig. 3.13 Comparison of different vertical TFTs in terms of (a) Drain current and (b) Mobility 
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Table 3.9. Comparison of the proposed device D5 with existing vertical devices (simulated at common platform) 

Sr. 

No 

Name Different VOTFT 

Device Structures 

Materials- (Source/Drain: Gold, Gate: Al, 

OSC:  C8-BTBT, Gate Dielectric: pC1B5) 

VGS =-5 V and VDS =-5 V 

IDmax (µA) Vt (V) µsat 

(cm2/V.s) 

Ion/Ioff 

1. D2 

 

 

221 -0.9 30.2 2.3×1010 

2. D3 

 

82.5 -1.7 9.7 0.8×1010 

3. D4 

 

120 -1.3 15.5 0.1×1011 

4. D5 

 

528 

 

-1.5 80.8 1.1×109 

5. D6 

 

 

12 

 

-2.1 1.1 4.1×108 

6. D7 

 

147 

 

-1.6 22.4 3.4×107 
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It can be observed from Table 3.9, that the proposed device exhibits the best performance as 

compared to the other vertical devices. To be precise, the drain current of the proposed device 

(D5) is higher by 2.38, 6.4, 4.4, 44, 3.59 times on comparing with D2, D3, D4, D6 and D7, 

respectively as depicted in Fig. 3.13 (a). Addition to this, the saturation mobility is 2.67, 8.32, 

5.21, 73.45 and 3.6 times better than D2, D3, D4, D6 and D7, respectively (Fig. 3.13 (b)).  

3.5 INTERNAL CUTLINE ANALYSIS FOR THE PROPOSED DEVICE  

The present section discusses the internal analysis for device D5 performed to better understand 

the device behaviour. The proposed TFT is analysed using horizontal and vertical cutlines to 

understand potential distribution inside the device, current density, band energy for conduction 

and valence band and hole concentration around the channel. 

3.5.1 Horizontal cutline analysis 

A horizontal cutline is undertaken at 5 nm below the source electrode where the channel 

formation takes place and maximum current density is observed as highlighted in Fig. 3.11 (b). 

All the parameters variation along the X axis are then observed. Figures 3.14 (a) and (b) depict 

the energies of valence and conduction band, respectively. A high variation in the energy levels 

of the conduction and valance band is observed in the channel regions. It is much higher as 

compared to the device D2 as highlighted in Fig. 3.7 (b). This observation supports the 

previously derived assumption that there is a stronger gate control for the device D5 owing to 

the ditch type gate structure. Additionally, it highlights a strong accumulation of charge carriers 

in the region towards the drain electrode as well, which was lower in case of D2. Owing to the 

strong gate control in the channel region, a high electric potential and current density is also 

observed in the region as highlighted in Figs. 3.14 (c) and (d), respectively. 

                     

                                                  (a)                                                                           (b) 
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                                  (c)                                                                           (d) 

                            

                                                       (e)                                                                               (f) 

Fig. 3.14 Horizontal cutline analysis of (a) Valence band, (b) Conduction band, (c) Potential distribution (d)  

Current density of D5 Device (e) Hole concentration of D2 and (f) Hole concentration of D5 

It can be observed from the figure that potential is lower at source (-1 V) and is higher (~-5 V) 

at drain electrodes. The device has achieved the maximum current density at the channel with 

a value of 1451 A/cm2. Furthermore, Figs. 3.14 (e) and (f) demonstrate the hole concentration 

in D2 and D5 devices, respectively. From the figures, it is clear that the ditch structure results 

in better accumulation of the charge carriers near the source. On the other hand, a steep fall in 

the hole concentration signifies that holes are being rapidly extracted due to the better channel 

formation near the drain region. Hence, it is clearly understood from the above figures that the 

proposed structure (D5) is exhibiting reasonably good performance as compared with D2 

device. The reason behind this performance enhancement can be attributed to the presence of 

the ditches type structure of gate dielectric and gate in the proposed device which improved 

the gate control and respectively the charge injection.  

3.5.2 Vertical cutline analysis 

A horizontal cutline analysis helps to investigate the variation within the device about a specific 

point, and is usually undertaken around the channel region. On the other hand, a vertical cutline 
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analysis helps us assuage the variation of parameters through the different layers of the 

transistor. Therefore, a vertical cutline is drawn at X= 58 μm. This cutline analysis explores the 

information pertaining to the parameters; band energy, potential graph and current density 

within the different layers. Figures 3.15 (a) and (b) illustrate the band energies in terms of 

valence and conduction band, respectively, while Fig. 3.15 (c) shows the potential distribution 

of the device in vertical manner.  

       

      (a)                                                                      (b) 

     

  (c)                                                                      (d) 

Fig. 3.15 Vertical cutline analysis of (a) Valence band, (b) Conduction band (c) Potential distribution and (d) 

Current density of D5 Device  

As already depicted through the horizontal cutline analysis, the vertical cutline analysis also 

highlights variation in band energy within the organic semiconductor layers where channel 

formation takes place (cutline at X=58 μm is the channel region). Steep change in both valence 

and conduction bands is observed within the channel region. This results in higher gate control 

and thereby a high current density within the OSC as depicted in Fig. 3.15 (d). Almost 

negligible current density is observed in other layers, as current does not travel through 

dielectric layers. However, the potential varies throughout the different layers as highlighted in 

Fig. 3.15 (c). Maximum potential drop occurs at the dielectric region and a low potential is 

observed in all the other regions. Consequently, a stronger accumulation region is formed in 
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the vertical direction resulting in a stronger channel. Similar observations are taken from 

horizontal cutline analysis, wherein the results highlight ditch structure is creating a stronger 

channel. 

3.6 SUMMARY OF THE RESULTS  

The current chapter is focused on enhancing the performance of organic TFT by analysing the 

impact of the vertical channel structure and thereby proposing a novel vertical channel OTFT 

device. The different analysis results included herein highlights the role of vertical channel 

structure in improving the device performance. Further, the results highlight that the proposed 

vertical channel device D5 depicts the improved performance owing to the better gate control 

over the channel region. Additionally, horizontal and vertical cut-line analysis is undertaken to 

better understand the device behaviour and facts for better performance. The results highlight 

that in vertical channel device; a short channel formation takes place. Additionally, two 

conducting channels are formed between source and drain contacts. This dual channel 

configuration results in higher charge carrier injection within the device which consequently 

reducing the threshold voltage. The important outcomes of the chapter are enlisted below. 

• Firstly, a planar OTFT (D1) is validated using Silvaco Atlas tool to set the boundary 

conditions and compared the performance with vertical channel OTFT (D2). The IDmax, Vt 

and µsat are improved by 18, 2 and 9 times, respectively for D2 in comparison to D1. 

• Internal device analysis is undertaken to understand the reasons for better performance. 

The results highlight that in vertical channel device D2, small channel formation takes 

place. Additionally, owing to its structure, two channel are formed which results in higher 

charge carrier injection within the device and consequently reducing the threshold voltage. 

• A novel vertical OTFT (D5) is proposed and parameters; IDmax and µsat are obtained as 528 

µA and 80.8 cm2/V.s which are higher by 2.38 and 2.67 times than D2 device. 

• Different vertical structures (D3, D4, D6 and D7) are analysed and compared with proposed 

device; D5 to confirm the improved performance of proposed OTFT. The drain current of 

D5 is higher by 2.38, 6.4, 4.4, 44, 3.59 times and mobility by 2.67, 8.32, 5.21, 73.45 and 

3.6 times on comparing with D2, D3, D4, D6 and D7, respectively.  

• The proposed D5 device exhibits reasonably good performance in terms of drain current 

and mobility as compared with other vertical devices. The reason behind this performance 

enhancement can be attributed to the presence of the ditch type structure of gate dielectric 
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and gate in the proposed device which improved the gate control and respectively the 

charge injection.  

• The behaviour of the proposed device in terms of potential distribution inside the device, 

current density, band energy for conduction/valence band and hole concentration around 

the channel is explored using horizontal and vertical cutlines.  

• Higher accumulation of charge carriers towards the drain region is observed in D5 as 

compared with the D2 device. Additionally, an increase in potential and current distribution 

is also seen within the device. This increment is all possible due to higher charge carrier 

accumulation in the proposed structure. This analysis highlights the role of ditch type gate 

& dielectric structure (device D5) in forming a strong gate control on the vertical channel 

formation. 

The present work depicts the performance improvement in the device in terms of IDmax and µsat 

with the utilization of vertical channel structure. However, mobility of TFT devices still is one 

parameter which requires more attention as it governs switching characteristics and circuit 

performance. Therefore, further focus can be towards exploring organic semiconductor 

materials that can illustrate a high mobility. Moreover, research can focus on device fabrication 

methodologies that can reduce the interfacial traps and injection barrier for the charge carriers. 

These aspects can significantly improve the mobility thereby improving the device 

performance. 
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CHAPTER-4 

CHARACTERISTICS PERFORMANCE ANALYSIS OF 

IMPROVED MULTILAYERED OLED AND OPD DEVICES 

4.1 INTRODUCTION  

The OLEDs based full color displays with high resolution have been developed by many 

researchers [15, 16]. These organic materials-based displays have various attractive features 

specifically flexibility, light weight, fast response, easy fabrication, and wide viewing angle 

[17]. However, a scope of improvement for current density, luminesce and lifetime still exists. 

Similarly, researchers have done a lot of efforts in developing high performance wavelength 

detectors and thus OPDs (Organic Photo-Detectors) are widely explored [32-35]. These 

detectors depicted a significant performance improvement over the span of years, still there is 

the possibility to further augment their performance in terms of photo current and dark current.  

OLED and OPD devices work on different principals and illustrate interaction with light in 

different manners, however, researchers have tried similar methodologies to enhance their 

performance. With an aim to use both these devices in cohesion for biomedical applications, 

the present chapter focuses on utilizing similar methodologies for enhancing the performance 

of these devices, specifically by improving current and luminance in OLEDs and optimizing 

dark current and photocurrent in OPDs. This aspect also helps in looking into the possibility of 

fabricating these devices on a single substrate, as well. 

Recently, it has been observed that various researchers have investigated the display devices 

and improved them by adding additional layers; electron/hole transport layer, electron/hole 

injection layer, and hole blocking layer [126, 134]. Addition of these layers successfully 

addresses the basic issues of low charge injection and electrode quenching and thus are liable 

for improving the device performance significantly [18]. The role of these layers is limited to 

support the existing charge carrier in terms of their movement. The injection layer enhances 

the carrier injection by reducing the gap between their energy levels and work function of the 

electrode. However, the transport layers help in carrier movement. While the blocking layer 

prevents the charge carriers escaping from the emission layer. All these layers are influential in 

improving the device performance and thus researchers showed their interest in defining novel 

layers, such as; mixed interlayer and spacer layer [23, 25] that are utilized in OLEDs for further 

controlling the movement of charge carriers.  
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In a broad sense, mixed interlayer balances the mobility of electrons and holes, before the 

emission layer (EML) to enhance the recombination. On the other hand, spacer layer is used to 

slow down the charge carriers to prevent carrier quenching at the electrode. It is observed that 

performance enhancement in these devices cannot be addressed by only controlling the 

movement of charge carriers. Their generation and concentration within the device are equally 

important. Hence, charge generation layer is being investigated [24] for this purpose. In this 

chapter, the role of CGL is examined for the improvement of luminescence and current density 

in OLED and OPD devices. Thus, to design CGL based novel OLED and OPD, the following 

objective is framed: 

“Investigation of charge generation layers and positional analysis for performance 

improvement of OLED and OPD devices.” 

The following methodology is used to obtain above mentioned objective: 

• Validation of a reference blue OLED using Silvaco Atlas simulator to set the boundary 

conditions for device in terms of materials, structure and layers’ dimensions. 

• Analyse the performance of OLED based on the position variation of CGL and further 

design a novel OLED structure for performance improvement.  

• Cut-line analysis to understand its internal physics and comprehend the facts for change 

in device performance with respect to layers’ materials and their variation. 

• Validation of a reference OPD using Silvaco Atlas simulator and design an improved 

OPD based on similar methodology utilized for OLED performance enhancement. 

• Analyse and compare different possible structures of OPD for the performance 

enhancement and explore the device internal physics. 

The aim of this chapter is to enhance the performance of OLED and OPD devices to enable 

their potential use in biomedical applications. The primary focus is on enhancing the OLED 

emission which is the guiding factor in all light-based fluorescence detection and to design the 

OPD device to discriminate the wavelengths and produce the corresponding current. 

Additionally, it is preferable to develop both the devices on a single substrate. Therefore, in the 

present chapter a novel CGL based OLED is proposed for enhancing the device performance 

in terms of current and luminescence. Similarly, OPD structure is also changed to enhance its 

performance. However, same CGL based methodology is adopted for enhancing the OPD 

performance as that utilized for OLED. This opens the possibility of developing both the 

devices on a single substrate with minimum variation in fabrication methodologies.  
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This chapter is arranged in total nine sections. The introduction is included in Section 4.1, 

wherein basic discussion of OLED and OPD devices is provided with the introduction of work 

undertaken in the present chapter. In Section 4.2, a reference multi-layered OLED device is 

analysed to set the boundary conditions. This is followed by incorporating CGL in the OLED 

structure and its positional analysis in Section 4.3. Thereafter, in Section 4.4, a novel CGL 

based OLED device is proposed and its in-depth internal analysis is performed. Further, the 

thickness optimization for CGL layer is carried out in section 4.5. This is followed by validation 

of a reference OPD device is validated in Section 4.6. Afterwards, CGL based OPD is proposed 

in section 4.7. This section also compares the proposed OPD device with other OPD structures 

and conducts a thickness optimization for CGL layers. In section 4.8 an in-depth internal 

analysis is undertaken for the proposed OPD. Finally, concluding remarks of the work are 

enlisted in section 4.9. 

4.2 CHARACTERISTIC ANALYSIS AND PARAMETERS EXTRACTION 

OF MULTILAYERED OLED 

To analysis the performance of OLED, firstly, an experimentally fabricated device by Titov et 

al. [38], is validated using Silvaco Atlas simulator and named as device L1. In this device, seven 

layers including cathode, anode, ETL, HTL and EML are used as shown in Fig. 4.1. The length 

and width of the device are of 400 and 1000 µm, respectively. The device consists of an anode 

followed by a 90 nm HTL of PEDOT:PSS. On top of this, a second HTL of NPB (60 nm) is 

placed. The emissive layer (20 nm) comprises DPVBi doped with 5% BCzVBi material for 

blue light emission. Above the EML, a 30 nm layer of BPhen (4,4’-Bis(9-ethyl-3-

carbazovinylene)-1,1’-biphenyl) material serves as both the HBL and ETL. Afterwards, a two 

layers cathode is formed with 1 nm of LiF (Lithium Fluoride) and 150 nm layer of Al. The 

materials along with thickness for this multilayered blue OLED are summarized in Table 4.1. 

 

Fig. 4.1 Structure of multilayered OLED device (L1) 
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Table 4.1. Materials along with their thickness for each layer used in L1 device 

Layer Material Thickness (nm) 

Cathode1 Al 150 

Cathode LiF 1 

ETL BPhen 30 

EML DPVBi & BCzVBi 20 

HTL1 NPB 60 

HTL2 PEDOT:PSS 90 

Anode ITO 20 

In OLED, the generation of light is achieved with two important processes: 1) formation of 

charge carriers, and 2) recombination of charge carriers. This is achieved by using Langevin 

recombination rate model in Silvaco Atlas 2-D device simulator for the validation of the 

reference device.  

  

Fig. 4.2 Simulated structure of OLED L1 showing the thickness of different materials used in the device 

  

                                               (a)          (b) 

Fig. 4.3 (a) Comparison of current for existing experiment and simulated device and (b) Combined curves of 

current density and luminescence for L1 
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The expression for the model is as follows:  

RL (n, p) =  𝑟𝑙(x, y, t) (np-ni
2)         (4.1) 

Here, rl, n, p and ni denote the recombination rate coefficient, electron concentration, hole 

concentration, and intrinsic concentration, respectively. In addition to this, to simulate the 

carrier’s transportation in a device structure, Poole-Frenkel mobility model is used which was 

given by Frenkel in 1938. This model is discussed in detail in the previous chapter. The 

simulated device structure is depicted in Fig. 4.2.  

The curves in Fig. 4.3 (a)  illustrate the current characteristics of OLED device (L1). The current 

values are observed as 0.025 A for existing experiment OLED and 0.026 A for simulated device 

with fairly a close match. This validation of results is necessary to set the boundaries for the 

simulation keeping empirical parameters into the consideration. Also, Fig. 4.3 (b) depicts the 

combined curves for luminsecence and current density for L1. The maximum luminescence and 

current density are obtained as 215 cd/m2 and 6.5 mA/cm2, respectively. 

4.3 PERFORMANCE ANALYSIS WITH CGL AT DIFFERENT 

POSITION FOR OLED   

The CGL is very useful for improving the concentration of charge carriers which can further 

enhance the luminescence properties and current of OLED device. Through the recombination 

process, the OLED can generate maximum of 30% efficiency, while rest carriers are lost due 

to different processes. Additionally, the generated photons do not always escape from the 

device and are lost due to optical losses and Plasmon [244]. With the utilization of CGL, the 

charge carrier generation is enhanced resulting in higher carrier density and thus higher output 

which further enhances the electro luminescence emission and efficiency [244] of the device.  

In the present work, the used CGL is a combination of two different types of semiconducting 

layers; p type & n type, for injecting holes and electrons, respectively. These carriers get 

injected towards emissive layer where the photons are generated after the recombination. Here, 

TAPC (1,1-bis[(di-4-tolyamino)phenyl)]cyclohexane) and HAT-CN (1,4,5,8,9,11-

hexaazatriphenylene-hexacarbonitrile) materials are incorporated as top and bottom layers for 

CGL. These two layers are selected based on their HOMO and LUMO level aligning with the 

other layers of device L1. Further, the device is analysed based on placement of CGL at different 

positions while materials and thickness of the layers do not change. Here, four blue OLEDs L2, 
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L3, L4 and L5 are considered in which a CGL is incorporated at different positions as depicted 

in Figs. 4.4 (a), (b), (c) and (d), respectively. 

The combined layer of HAT-CN and TAPC acts as the electron and hole injector, respectively, 

owing to the favorable alignment of their HOMO and LUMO energy levels with those of the 

adjacent layers in device L1. In devices L2 and L3, CGL is placed below the cathode and above 

the anode, respectively. On the other hand, in device L4, it is placed near both electrodes (above 

the anode and below the cathode). Furthermore, in device L5, CGL is kept inside the emissive 

layer, as depicted in Fig. 4.4 (d). The thickness of EML in L5 is taken as 40 nm, as CGL needs 

to be incorporated within the EML. All these four devices (L2- L5) are compared based on 

current density and luminescence with respect to reference device L1. 

                         

                              (a)                                                                                          (b) 

                          

                               (c)                                                                                         (d) 

Fig. 4.4 Different OLED structures based on positional variation of CGL (a) Below cathode (L2), (b) Above 

anode (L3), (c) Both sides of device (below cathode and above anode) (L4), and (d) Inside emissive layer (L5) 
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Figures 4.5 (a) & (b) demonstrate current and luminescence parameters of all these devices 

(L1- L5). Both the figures depict the similar trends for these five devices. As shown in Fig. 4.5, 

device L5 outperforms among these devices as CGL is placed inside of emissive layer which 

improves the recombination of charge carriers. In the device L5, the top layer of CGL (of TAPC) 

acts as hole injector and bottom layer (of HAT-CN) as electron injector. Now, holes in top layer 

of CGL get attracted towards cathode and reach to emissive layer. Similarly, electrons in bottom 

layer of CGL get attracted towards anode and reach to emissive layer as CGL in L5 is 

surrounded by the emissive layer only. These charge carriers are mixed up with charge carriers 

which have travelled from cathode and anode side. This automatically enhances the 

recombination rate of the device. The maximum current and luminescence are obtained as 0.27 

A and 2277.2 cd/m2, respectively as mentioned in Table 4.2. 

        

                                              (a)                                                                                       (b) 

Fig. 4.5 Comparison of (a) Current and (b) Luminescence for L1- L5 devices 

Table 4.2. Comparison of current and luminescence for different OLEDs (L1- L5) 

Device Current (A) Luminescence (cd/m2) 

L1 0.026 215.9 

L2 0.193 1592.3 

L3 0.256 2112.2 

L4 0.145 1198.4 

L5 0.276 2277.2 

As compared to L5, other devices exhibit CGL on either side of emission layer. Therefore, on 

biasing, CGL can inject only one type of charge carrier in the EML. Also, the applied bias 

forces the other type of charge carrier towards the nearest electrode, and the observed effect is 

particularly pronounced in devices L2 and L3. Still these devices illustrate satisfactory 

performance in terms of current and luminescence as compared to device L4. The performance 

of device L4 is quite unexpected as CGL is used in two different positions. Therefore, a high 
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carrier concentration of both types was expected in the device. The possible reason for the 

lower performance of this device is probably increased device dimension [24]. Consequently, 

a longer distance is required to be covered by the charge carriers in reaching the emission layer 

leading to a lower performance.  

4.4 PROPOSED NOVEL OLED DEVICE 

In the previous section, it is shown that among all five devices (L1- L5), the L5 depicts 

reasonably good performance as shown in Fig. 4.5. This highlights the importance of CGL and 

its placement at an appropriate position for device performance enhancement. Therefore, in 

this section, a novel high-performance blue OLED is proposed, wherein the position of CGL 

and emissive layers is reversed to that of device L5 as illustrated in Fig. 4.6. This device is 

named as L6 and here the position of top and bottom CGL layers is also interchanged.  

Now, the top layer of CGL is made of HAT-CN and bottom layer of TAPC materials. Thus, the 

electrons generated in top CGL layer are repelled by the cathode and are forced towards the 

emissive layer. In the similar manner, holes generated in bottom CGL layer will be repelled by 

anode and move towards the emissive layer. So, electron and hole concentrations are increased 

inside the emissive layer. The movement of charge carriers generated from the electrodes is 

supported by CGLs as the HOMO and LUMO levels of the adjacent layers are more properly 

aligned in the device. 

 

             Fig. 4.6 CGL based proposed OLED device (L6) 

The addition of CGL enhances the charge carrier density of both type of carriers in the device. 

According to the Langevin’s theory, recombination rate is directly proportional to the 

probability of charge carriers finding each other in organic materials. Hence, with increased 
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charge carrier concentration, the probability is highly increased. Therefore, this structure 

directly improves the recombination rate which significantly enhances the performance of L6 

in terms of current and luminescence. The simulated structure of L6 is shown in Fig. 4.7. The 

thickness of EML is kept at 20 nm like reference device. The maximum current and 

luminescence of proposed device is obtained as 0.44 A and 3636.3 cd/m2. The device exhibits 

reasonably improved luminescence and higher by 16.8, 2.3, 1.7, 3.0 and 1.6 times than that of 

L1, L2, L3, L4 and L5, respectively.  

 

 Fig. 4.7 Simulated structure of L6 showing the thickness of different materials 

     

                                    (a)                                                                                                (b) 

Fig. 4.8 (a) Combined curves of current and luminescence for proposed device (L6) and (b) Variation of 

luminescence with respect to voltage for L1, L5 and L6  

The figure 4.8 (a) illustrates current and luminescence for the device L6. These values are better 

than the preceding devices. A comparison between the reference device L1 and CGL based 

devices L5 and L6 is also highlighted in Fig. 4.8 (b). The proposed device L6 outperforms owing 

to the high electron and hole concentration within the device due to the better positioning of 

the CGL. Therefore, to validate the inference that optimized CGL positioning enhances charge 
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concentration and device performance, internal analysis is undertaken in the following 

subsections. 

4.4.1   Internal analysis of OLED devices  

In this section, all the mentioned OLED devices are analysed in-depth to better understand the 

device physics. This internal analysis is performed by drawing a cutline on the device in 

horizontal and vertical manner. All the devices are analysed in terms of different internal 

parameters including hole/electron concentration, recombination rate and electric field 

distribution within the device. The variation of these parameters in the devices will help in 

understanding the factors responsible for their respective performance. 

a. Vertical Cutline Analysis 

OLED is a device wherein different layers are stacked one over the other, therefore, it is more 

appropriate to conduct a vertical cutline analysis first. The vertical cutline so drawn passes 

through each layer and analyse the changes encountered in different parameters. Hence, in this 

sub-section, a vertical cutline is performed on the simulated structures of all the six devices at 

200 µm as shown in Fig. 4.9. Here, different internal device parameters that are instrumental 

for OLED working are examined. These include hole concentration, electron concentration, 

total current density, Langevin recombination rate, conduction current density, and electron 

affinity.  

 

Fig. 4.9 Vertical cutline at 200 µm inside proposed device (L6) 

Figure 4.10 shows the graphs for charge carrier concentrations, current density, and Langevin 

recombination rate. Here, it is observed that the hole concentration is higher at bottom side of 

the devices between 0.18 µm - 0.36 µm. This region is towards the anode along with layers 

responsible for hole injection. Therefore, when holes travels from anode side towards the EML, 
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a high hole concentration is observed. Thereafter, the hole concentration falls drastically. 

Similar observations are made for the electron concentrations from Fig. 4.10 (b). Here, the 

electron concentration is higher towards the cathode side till the emission layer and thereafter, 

there is a steep fall. The most probable reason for the change in carrier concentration can be 

attributed to the recombination process taking place within the emission layer [23, 25].  

             

                                          (a)                                                                                               (b)  

    

                                           (c)                                                                                             (d)  

Fig. 4.10. Performance comparison of all six OLED devices (L1-L6) using vertical cutline in terms of (a) Hole 

concentration, (b) Electron concentration, (c) Total current density, and (d) Langevin recombination rate.  

The minimum and maximum carrier concentration values for both types of charge carriers are 

exhibited by L1 and L6 devices, respectively as shown in Fig. 4.10 (a) and (b). In all the cases, 

it is maximum near the emissive layer where holes and electrons are accumulated eventually 

for the recombination process. Thereafter, a fall indicates that these carriers are recombining in 

the EML. The hole concentration of L6 is obtained as three times higher than L1 owing the 

incorporation of CGL outside the emissive layer. The small peaks around 0.1 to 0.2 µm at the 

cathode side for devices L2 and L4 highlight the presence of TAPC that acts as the hole 
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generation layer. Similar peak is observed for L4 in terms electron concentration due to the 

presence of HAT-CN, an electron generation layer. 

Further, on observing Figs. 4.10 (a) & (b)), it is seen that L5 and L6 represents the highest charge 

carrier concentration within the emission layer at nearly 0.2 μm. For other devices, such high 

charge carrier concentration is not observed around the EML. The primary reason for this is 

the presence of CGL within emission layer or right outside the EML in case of L5 and L6, 

respectively. Otherwise, even for both these devices, between the electrode and emission layer, 

the charge carrier concentration is similar to other devices. This proves the assumption that 

CGL is creating extra charge carriers and these are being effectively injected within the 

emission layer. Additionally, L6 offers higher carrier concentration as compared to L5, because 

in L6, the applied biasing is helping CGL in injecting both types of carriers directly in EML, 

whereas in case of L5, this is not the case. 

Furthermore, Fig. 4.10 (c) shows the current density for the devices (L1- L6). The proposed 

device exhibits the highest current density which is almost 73, 5.7, 4.4, 7.8 and 1.4 times higher 

than L1, L2, L3, L4 and L5, respectively. This is because of higher electron/hole concentration 

in L6 as discussed above. The generation of additional charge carriers are responsible for higher 

recombination, but at the same time excess charge carriers are reaching the opposite electrode 

resulting in higher current density. The proposed device also depicts a high Langevin 

recombination rate as illustrated in Fig. 4.10 (d). In this figure, it is observed that recombination 

peaks are achieved around 0.2 µm as this area belongs to emissive layer. As per the Langevin 

theory, for the materials with low mobility, the recombination rate is governed by the 

probability of opposite carriers finding each other. The materials TAPC and HAT-CN inject the 

charge carrier (holes & electrons) directly from the outside of EML which automatically 

improves carrier concentration within the device and consequently improves the Langevin 

recombination rate of the proposed device. 

Furthermore, Fig. 4.11 (a) shows the potential distribution of the proposed device (L6). In this 

figure, the voltage is maximum at 0.4 µm i.e. towards anode and it keeps decreasing towards 

cathode and becomes zero. This represents that the entire applied voltage gets dropped 

effectively across the device and helps in the different processes within the device. Next, Figs. 

4.11 (b), (c) and (d) depict a comparison in terms of conduction current density, electron affinity 

and acceptor trap ionized density for L5 and L6. The conduction current is higher in case of L6 

as a large amount of charge carriers are travelling from electrode towards the emission layer.  
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Additionally, when the charge carriers are injected from the CGL, a high concentration of 

electron and holes is present around the emission layer on the corresponding sides. The 

presence of these charge carriers also creates an inbuilt potential within the device, that further 

supports carrier injection from the respective electrodes. Additionally, a high electron affinity 

is observed for L6 as compared to L5 as depicted in Fig. 4.11 (c). The higher electron affinity 

further strengthens the fact that the inbuilt potential within the device due to accumulation of 

carriers injected by the CGL enhances the movement of electrons within the device. 

               

                                      (a)                                                                                            (b)  

               

                                      (c)                                                                                           (d) 

 Fig. 4.11. (a) Potential distribution of the proposed device (L6), Comparison of devices L5 and L6 based on (b) 

Conduction current density, (c) Electron affinity and (d) Acceptor trap ionized density. 

b. Horizontal Cutline Analysis  

Here, a comparison of the parameters is highlighted by performing a horizontal cutline inside 

the CGL towards cathode and anode. 
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Cutline analysis inside CGL towards cathode: In this case, a horizontal cutline is drawn at 

0.195 µm in both L5 and L6 devices as depicted in Fig. 4.12. The parameters; Langevin 

recombination rate, conduction current density, conduction band, valence band, and hole QFL 

(quasi-Fermi level) are examined to understand the performance comparison of L5 and L6 

devices. The peak Langevin recombination rate for L6 is improved by 10 times as compared to 

L5 as depicted in Fig. 4.13 (a).  

A high recombination rate is observed at the edges of emission layer for L6, highlighting that 

electrons entering from HAT-CN are readily combining with the holes in the emission layer. 

On the contrary, TAPC layer is present at this position in device L5 and it is in the middle of 

emission layer. Similar observations are made but this time high recombination is observed at 

the interface of EML and TAPC in the middle rather than the corner. Additionally, the 

recombination rate is much lower in L5 as compared to L6 due to lower carrier concentration. 

Additionally, as holes are injected in the EML from TAPC, these get attracted towards the 

electrode due to applied bias.  

 

Fig. 4.12 Horizontal cutline drawn towards cathode at 0.195 µm in proposed OLED device (L6)  

Similarly, the conduction current density of L6 is enhanced by eight times than L5, as illustrated 

in Fig. 4.13 (b).  This enhancement in current density is the direct consequence of higher charge 

carriers present in the device L6 as compared to L5 due to the reversal of CGL. Additionally, in 

device L6, charge carriers generated in CGL also help inject more charge carriers by creating 

an internal potential, thereby further increasing the current density in the device. Furthermore, 

band energies are also shown in Figs. 4.13 (c) and (d) for devices L5 and L6, respectively. The 

band energies of L5 are much lower as compared to device L6 which helps in injection of holes 

in the device. However, the TAPC layer prevents a good electron injection due to higher LUMO 
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level, resulting in lower recombination. On the other hand, device L6 shows a higher valance 

band energy, enabling  further ease in hole injection. Thus, with the higher charge carrier 

concentration, a high recombination in the device is expected.  

                 
                                      (a)                                                                                            (b)  

                          
                                            (c)                                                                                         (d)  

 
                                                                                             (e) 

Fig. 4.13 Comparison of parameters for L5 and L6 based on horizontal cutiline in terms of (a) Langevin 

recombination rate, (b) Conduction current density, (c) Band energy of L5, (d) Band energy of L6, and (e) Hole 

QFL of L5 & L6 
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The figure 4.13 (e) illustrates hole QFL for both devices. The figure shows a higher QFL for 

L6 as compared to L5. This shows a higher hole concentration in the emission layer. The higher 

hole concentration in L6 is because of the holes injected from TAPC layer, which is at the anode 

side right outside the EML. This higher hole accumulation acts as a positive charge for 

electrons thereby enhancing their injection from the electrode as well. 

Cutline analysis inside CGL layer towards anode: In this sub-section, a horizontal cutline is 

drawn at 0.215 µm inside the TAPC layer of device L6 as shown in Fig. 4.14. Herein, all six 

devices (L1- L6) are analysed and compared in terms of hole mobility, electron mobility, 

Langevin recombination rate and hole QFL. It can be clearly observed from the Fig. 4.15 (a) 

that L6 exhibits extremely high hole mobility; 100 cm2/Vs which is higher by 12, 6.4, 1.9, 8.1 

and 1.6 times as compared to L1, L2, L3, L4 and L5 devices, respectively. Primarily, this high 

hole mobility is due to the better matching of energy levels of the adjacent layers that helps in 

hole injection [52]. 

In the same manner, electron mobility of L6 is obtained as 51.2 cm2/Vs which is improved by 

11, 5.2, 2, 6.2 and 1.9 times than that of L1, L2, L3, L4 and L5, respectively (Fig. 4.15 (b)). A 

high electron mobility for L6 can be attributed to the high hole concentration in the CGL of 

TAPC material which led to attract the electrons towards itself. This value is lower in case of 

L5, as CGL of HAT-CN material is placed towards anode side. HAT-CN material is responsible 

for injecting electrons in the EML but these electrons are attracted towards the anode due to its 

positive bias.   

 

Fig. 4.14 Horizontal cutline drawn towards anode at 0.215 µm in proposed OLED device (L6)  

Furthermore, Fig. 4.15 (c) shows the peak recombination rate for all the devices in graphical 

manner. The values of recombination rate are extremely high in case of L6 as compared to other 

devices. The primary reason aligns with high charge carrier concentration in the EML due to 
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the well managed structure. Here, CGL is properly used and the applied bias helps CGL in 

injecting the charge carriers. This is reverse in case of L5 wherein applied bias is opposing the 

carrier movement towards an effective recombination. Addition to this, the parameter hole QFL 

is also compared in all these devices as depicted in Fig. 4.15 (d).  

                   
                                     (a)                                                                                            (b) 

                 
                                        (c)                                                                                        (d) 

Fig. 4.15 Comparison of all six devices (L1-L6) using horizontal cutline in terms of (a) Hole mobility and (b) 

Electron mobility and (c) Langevin recombination rate  

The higher hole QFL for L6 highlights the similar results as in case of horizontal cutline analysis 

on cathode side. It is expected to be higher towards the anode as in L6 charge carrier layers are 

well balanced for hole injection. Additionally, device L6 exhibits a higher hole concentration. 

However, QFL levels are almost similar for L3 and L5 devices. HAT-CN layer is common on 

the anode for both these devices. So, there is some mismatch of energy levels for hole injection. 

However, due to the presence of TAPC layer in L3, this mismatch is minimized and thus 

resulting in a better injection. Subsequently, its QFL level is improved. Contrastingly, some 

injection barrier exists in device L5, still, it’s QFL is higher than L3 because of higher hole 

injection continuously generated from TAPC layer on the opposite end. 
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c. Structural Internal Analysis  

This section comprises of layer wise analysis for L5 and L6 devices as illustrated in Figs. 4.16 

(a) to (d). Here, the parameters; net doping and current density are analysed more deeply by 

examining the affected regions mainly around the emissive layer. The figures show the zoomed 

in version with the focus on left side of the devices capturing the CGL and emission layers. 

Since organic deivces generally do not use the concept of doping, therefore, the net doping in 

the figures refer to the carrier density profile in the biased device. 

 

(a) 

 

(b) 

 

(c) 
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(d) 

Fig. 4.16 Enlarged view of devices showing (a) Net doing of L5, (b) Net doping of L6, (c) Conduction current 

density of L5 and (d) Conduction current density of L6 

Figures 4.16 (a) and (b) demonstrate the net doping for L5 and L6, respectively. It is noticed 

that maximum net doping which is highlighted in red color is achieved in the wider region for 

device L6 as compared to L5. In L5, it is only higher near the edge of the emissive layer. Here, 

the CGL is at the centre and EML is all around it. Thus, it shows that carriers generated from 

the CGL are entering the emission layer and thus depicts the variation in the doping levels and 

are getting recombined effectively. Hence, carrier doping decreases within the emission layer. 

However, in case of L6, the CGL is all round the emission layer. Now, electrode injects the 

charge carriers and these added to the carriers generated within CGL and finally injected in the 

EML. The charge carrier concentration is comparatively higher in case of L6 thus even after 

recombination, there are enough carriers remaining within the device. These carriers are 

responsible for higher current density within the device [25]. Additionally, a large amount of 

these carriers is accumulated in L6, which acts as a supporting potential for carrier injection 

from the opposite electrode. 

Additionally, Figs. 4.16 (c) and (d) demonstrate the current density of L5 and L6, respectively. 

Herein, this parameter is the maximum in whole region of emissive layer for L6 as shown in 

Fig. 4.16 (d) since the higher concentration charge carriers are present. All these charge carriers 

cannot recombine and result in the emission layer and therefore, resulting in generation of 

higher current within the device. However, for device L5, the conduction current density is 

lower at outside of CGL layer particularly at left side (which is the emission layer) as shown 

in Fig. 4.16 (c). This shows that the generated carriers are effectively recombining within the 
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emission layer. Further, in L5, emission layer is thicker and thus resulting in more 

recombination and less current due to the flow of injected carriers from CGL.  

4.5 THICKNESS OPTIMIZATION OF THE PROPOSED OLED 

The results in the previous sections highlight that the CGL is influential in enhancing the 

performance of the device. However, the device thickness is also increased which can lead to 

adverse effects on the internal device working. The increment in device thickness is observed 

specially in the case of device L4, wherein, CGL was used near both the electrodes. This 

configuration substantially increased the device dimensions and led to a decline in 

performance. Hence, this section aims to optimize the thickness of CGL in proposed novel 

device (L6). The process is carried out in three ways; Case I- reduction of thickness in both 

layers of CGL evenly, Case II- fix the thickness of HAT-CN layer at 20 nm and reduce the 

thickness of TAPC layer and Case III- fix the thickness of TAPC layer at 20 nm and reduce the 

thickness of HAT-CN layer. This analysis also helps in understanding whether both the layers 

are influential for the device performance improvement or not. The thickness reduction is 

performed by reducing 2 nm thickness in each step and the corresponding results are as shown 

in Fig. 4.17. All the three cases are discussed below in details. 

4.5.1 Case I: Thickness decrement in HAT-CN and TAPC layers  

Initially, the total thickness of CGL was considered as 40 nm (20 nm each for HAT-CN and 

TAPC). In Case I, both layers of CGL are decreased in the step size of 2 nm (total variation of 

4 nm in overall device dimension in each step), as shown in Fig 4.17 (a). Consequently, the 

total thickness of CGL is reduced to 24 nm which provides 1.3 times better luminescence. The 

luminescence is obtained as 3640 cd/m2 and 4670 cd/m2 at 40 and 24 nm, respectively and 

depicted in Fig 4.17 (b). The thickness of CGL is not reduced further, as this layer is responsible 

for generation and injection of excess charge carriers. A lower thickness may adversely affect 

the charge generation and degrade the device performance. 

4.5.2 Case II: Thickness decrement in only TAPC layer 

In this case, only layer of TAPC is varied from 20 nm to 12 nm, whereas; the layer of HAT-CN 

material is kept fixed at 20 nm. Here, the curves for luminescence are drawn at 20, 18, 16, 14 

and 12 nm thickness, as shown in Fig. 4.17 (c). The maximum luminescence is observed as 

4080 cd/m2 and can be noticed from Fig 4.17 (d). 
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4.5.3 Case III: Thickness decrement in only HAT-CN layer 

This case is reverse of case II. The thickness of HAT-CN material is varied from 20 nm to 12 

nm in five steps and TAPC is constant at 20 nm as depicted in Fig. 4.17 (e). The peak 

luminescence is obtained as 4150 cd/m2 (Fig. 4.17 (f)). 

               
(a)       (b) 

  (c)          (d) 

        
          (e)                                                                                (f)  

Fig. 4.17 (a) Luminescence comparison of Proposed OLED L6 with thickness variation in (a) HAT-CN and 

TAPC both, (c) TAPC only and (e) HAT-CN only, with respective enlarged view in b, d and f. 
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In all the three cases, the maximum luminescence is obtained in Case I i.e. 4670 cd/m2 at 24 

nm thickness of CGL as highlighted in Table 4.3. This is improved by 78% as compared with 

the device (L6) where thickness of CGL is kept at 40 nm. In case I, both the top and bottom 

layers are varied in similar way and thus on reduced thickness the carriers generated in the 

CGL need to travel less distance towards the EML from both sides owing to their proximity 

with EML. On the contrary, electrons and holes take more time to travel in Case II and Case 

III in comparison to Case I. The longer transit time directly affects the recombination of charge 

carriers. Hence, the peak luminescence values are less in both the cases. 

Table 4.3. Different values of luminescence at different CGL thickness for proposed OLED (L6) 

Case 
Thickness (nm) Luminescence 

(cd/m2) TAPC HAT-CN 

     I 

20 20 3.64×103 

18 18 3.84×103 

16 16 4.07×103 

14 14 4.34×103 

        12 12 4.67×103 

    II 

18 

20 

3.72×103 

16 3.82×103 

14 3.93×103 

12 4.08×103 

   III 20 

18 3.75×103 

16 3.88×103 

14 4.01×103 

12 4.15×103 

                                                            

(a)            (b) 

Fig. 4.18 (a) Comparison of luminescence of device L6 at CGL thickness (in Case I both CGLs =12nm, Case II 

bottom CGL = 12nm and Case III, top CGL = 12nm) and (b) Maximum luminescence for three cases 

Further, Case III shows better results than Case II. In Case III, the layer of TAPC in fixed which 

generates holes. Here, the mobility of holes is better than electrons so holes can travel fast to 
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the emissive layer [245] which attributes to the better luminous characteristics in Case III as 

recombination is higher in this case. A comparison of maximum values for the luminescence 

in three cases (at 12 nm) is depicted in Fig. 4.18.  

4.6 CHARACTERISTIC ANALYSIS AND PARAMETERS EXTRACTION 

OF OPD 

OPD is a device that produces an electrical response to the light input. OPD can work as an 

effective light detector by producing a variation in the current for different wavelengths. 

Primarily, an experimental OPD (reference device) reported by Titov et al. [38], is analysed 

and validated using Silvaco Atlas 2-D device simulator to set the boundary conditions. The 

Langevin recombination and Poole Frenkel mobility models (explained in earlier sections) are 

used to characterise the performance. The reference device [38] named as P1 is composed of 

seven layers as highlighted in Fig. 4.19. The simulated structure of P1 is shown in Fig. 4.20. 

 

                                           Fig. 4.19 Device structure for Multilayered OPD (P1) 

Table 4.4. Materials used and thickness of each layer for multilayered device P1 

Layer Material Thickness (nm) 

Cathode 1 Al 150 

Cathode LiF 1 

ETL BPhen 12 

Acceptor C60 40 

Donor CuPc 20 

HTL PEDOT:PSS 90 

Anode ITO 20 

Table 4.4 demonstrates the materials along with the thickness for each layer. The various layers 

of device are selected to establish a close structural match between the OLED and OPD. A 

close structural match in terms of different layers increases the possibility of fabricating both 

devices on a single substrate to realize some applications with this OLED-OPD integration. 
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Fig. 4.20 Simulated structure of multilayered device P1 

Table 4.5. Parametric comparison of experimental results with multilayered device P1 

Parameters Multilayered Device Experimental results P1 

Dark Current (nA) 0.25 0.24 

Photo Current (nA) 3.9 3.8 

            

                                             (a)                                                                                     (b) 

Fig. 4.21. Characteristics comparison for reported experiment and simulated OPDs (P1) for (a) Dark current and 

(b) Photocurrent 

Figures 4.21 (a) and (b) demonstrate the combined characteristic curves of dark current and 

photocurrent for reported experiment and simulated OPDs. These curves highlight a close 

match between the characteristics of simulated and experimental devices. Herein, the 

experimental reported values of photocurrent and dark current are -3.86 nA and -0.24 nA, 

respectively, which are very close to the results of simulated device (photocurrent= -3.9 nA, 

dark current= -0.25 nA) as shown in Table 4.5.  

4.7 PROPOSED OPD DEVICE 

In this section, a CGL based multilayer OPD is proposed with the aim to improve the 

performance of OPD (P1). This improved structure is analysed with the same boundary 
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conditions as taken for device P1 in terms of materials and layer thickness. The proposed novel 

structure contains an additional CGL (80 nm) of TAPC and HAT-CN materials similar to OLED 

structure. As illustrated in Fig. 4.22, the CGL is a combination of HAT-CN (50 nm) and TAPC 

(30 nm) materials which are placed at the side of acceptor and donor layers, respectively.  

HAT-CN and TAPC are used to generate free electrons and holes, respectively on interacting 

these layers with excitons. The OPD works in reverse bias condition (cathode connected to 

positive and anode to negative terminal of the battery) and thereby a depletion region is 

developed. The depletion region is devoid of all the charge carriers. Now, when light falls on 

the acceptor-donor layer, excitons are generated and the interaction of these excitons with the 

acceptor and donor layers results in electron-hole pairs generation. 

The CGL layers are very close to these acceptor-donor layers, therefore, exciton interacts with 

them as well. The HAT-CN layer generates large number of electrons that travel towards 

cathode and similarly, TAPC generates large number of free holes travelling towards anode. 

These free charge carriers get mixed-up with the carriers generated inside the active layer and 

produced significant large amount of photocurrent. This clearly indicates that the CGL plays a 

vital role in enhancing OPD performance in terms of photocurrent, as it facilitates efficient 

charge separation and transport. 

 

Fig. 4.22. Device structure for proposed CGL based OPD device (P2) 

The simulated structure of the proposed device (P2) is shown in Fig. 4.23 (a). Additionally, Fig. 

4.23 (b) highlights the potential distribution within the device. The potential distribution 

highlights a good potential across the HAT-CN layer, whereas it is reasonable within the 

acceptor-donor layers and TAPC layer. This potential distribution highlights a excitons 
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dissociation within these layers. Additionally, it is highlighting that potential drop is higher 

towards the cathode as compared to anode. This drop is probably due to the mismatch in energy 

levels of ETL with the work-function of cathode. The cathode has a higher work-function as 

compared to ETL LUMO level which is good for electron injection, as these carriers must move 

from a higher energy level to lower energy level in case of OLED. At the same time, this higher 

work- function may act as barrier in case of OPD, wherein charge separation is required. 

 

         (a) 

 

                                                                              (b) 

Fig. 4.23. (a) Simulated structure of proposed device (P2) and (b) Potential distribution inside P2 
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                                            (a)                                                                             (b) 

Fig. 4.24 Comparison of multilayered device (P1) and proposed device (P2) based on (a) Photocurrents and (b) 

Dark currents 

Figure 4.24 demonstrates the results pertaining to the photocurrent and dark current within the 

device P2. The device exhibits photocurrent of 134.2 nA which is about 34 times higher on 

comparing with P1. The dark current of P2 (10.2 nA) is also higher than that of P1 (0.25 nA) 

probably due to the inclusion of CGL.  

4.7.1 Analysis of proposed device with positional variations of CGL 

Here, the proposed device (P2) is analysed on different position of CGL (devices named as P3, 

P4 and P5). The device P3 (Fig. 4.25 (a)) contains only electron generator layer of HAT-CN near 

the acceptor layer. However, device P4 exhibits only hole generator layer of TAPC near donor 

layer (Fig. 4.25 (b)). Furthermore, device P5 (Fig. 4.25 (c)) is the reverse form of the proposed 

device P2 wherein both the layers of CGL are incorporated. The concentration of electrons and 

holes is higher in P3 and P4, respectively. Hence, P4 exhibits better results in comparison with 

P3 due to higher mobility of holes than electrons for organic materials. 

    

                                        (a)                                                                                        (b) 

-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

-140

-120

-100

-80

-60

-40

-20

0

 

 
P

h
o

to
c
u

rr
e

n
t 

(n
A

)

Voltage (V)

 P
1
 (Simulated)

 P
2
 (Proposed)

-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0

-10

-8

-6

-4

-2

0

 

 

D
a

rk
 C

u
rr

e
n

t 
(n

A
)

Voltage (V)

 P
1
 (Simulated)

 P
2 
(Proposed)



104 
 

 

                                                                         (c)                                                                                          

Fig. 4.25 Different OPD structures (a) P3 with only HAT-CN, (b) P4 with only TAPC and (c) P5 with TAPC at 

top and HAT-CN at bottom  

In case of P5, both HAT-CN and TAPC layers are utilized but in the reverse manner of the 

proposed device P2. So, the electrons and hole in P5 will be pushed towards the active layer 

because of the applied bias and these carriers need to cross it to reach the respective electrode. 

Therefore, such movement might interfere with the generation process. Additionally, the charge 

carriers have to cross the additional distance, therefore, the contribution to photocurrent 

generation will not be significant. On the contrary, in case of P2, all the generated holes and 

electrons from the CGL are completely attracted towards the nearer electrodes and added up 

with charge carriers of the active layer and large amount of photocurrent is produced. As a 

result, device P2 outperforms among all four devices.  

 

Fig. 4.26 Photocurrent characteristics for P2, P3, P4 and P5 devices  



105 
 

All the four devices (P2-P5) are compared in terms of their photocurrent characteristics as 

plotted in Fig. 4.26. The proposed device P2 attains the maximum photocurrent of 134 nA which 

is improved by 1.6, 1.4 and 9 times in comparison to P3, P4 and P5, respectively. Moreover, it 

is observed that device P5 with the reverse position of CGLs exhibits the lowest photocurrent. 

The reasons for poor performance of this P5 device are already discussed above. 

4.7.2 Thickness optimization of proposed OPD 

Herein, the performance of proposed device (P2) is optimized by reducing the thickness of the 

CGL layer. The total thickness of CGL is 80 nm where 50 nm is for HAT-CN and 30 nm for 

TAPC. The thickness is optimized using three ways. In case I (Fig. 4.27 (a)), both layers of 

CGL are considered for the thickness reduction (step size of 2 nm). The performance is 

analysed for HAT-CN from 50 to 42 nm towards acceptor layer and TAPC from 30 to 22 nm 

towards donor layer. However, HAT-CN is fixed at 50 nm and TAPC is reduced from 30 to 22 

nm (Fig. 4.27 (c)) for case II. Further, in case III, TAPC is fixed at 30 nm and HAT-CN is 

reduced from 50 to 42 nm (Fig. 4.27 (e)).  

After comparing all the cases, it is concluded that the device performs better on reducing the 

thickness. In case I, the maximum photocurrent of 154.2 nA is obtained (Table 4.6). The reason 

is very obvious here as in case I the CGL thickness is minimum. As a result, the recombination 

losses are less in these layers. Additionally, the charge carriers reach the respective electrode 

faster due to the reduced distance between their generation and the electrode. For the other two 

cases, the case II exhibits better results. 
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                                          (c)                                                                                     (d) 

 
                                            (e)                                                                           (f) 

Fig. 4.27 Proposed OPD Performance with thickness variation (a) HAT-CN and TAPC both, (c) TAPC only and 

(e) HAT-CN only with respective enlarged view in b, d and f. 

Table 4.6. Photocurrent at different thicknesses of HAT-CN and TAPC for proposed OPD (P2) 

Cases Thickness (nm) Photocurrent 

(nA) HAT-CN TAPC 

Case I 50 30 134.2 

48 28 139.2 

46 26 144.2 

44 24 149.2 

42 22 154.2 

Case II 50 30 134.2 

28 137.8 

26 141.4 

24 145.1 

22 148.6 

Case III 50 30 134.2 

48 137.2 

46 140.3 

44 143.2 

42 146.3 
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It has been observed in the previous section through internal anlysis that HAT-CN is more 

influential in generating charge carriers with exciton interaction. Therefore, the photocurrent 

obtained in the corresponding configuration is higher. Figures 4.27 (b), (d) and (f) are the 

enlarged view of Figs. 4.27 (a), (c) and (e), respectively to depict the clear variation of 

photocurrents. Table 4.6 summarizes photocurrent values for all the three cases. Herein, the 

maximum and minimum values are obtained as 154.2 nA (case I) and 146.3 nA (case II), 

respectively.  

4.8 INTERNAL ANALYSIS OF REFERENCE AND PROPOSED OPD 

Herein, reference device (P1) and the proposed device (P2) are compared based on internal 

device parameters; electron/hole concentration, electron current density, potential distribution, 

band energies, and electron QFL to better comprehend the device behaviour and related facts. 

This internal analysis is done using both vertical and horizontal cutline in the TonyPlot.  

4.8.1 Vertical cutline analysis 

Here, a vertical cutline is drawn at the centre of device crossing all the layers. As discussed in 

the previous sections, device P2 contains CGL layer which generates free electrons and holes. 

As the CGL is near the active layer, hence, the exciton interacts with these layers and generated 

charge carriers are swept towards electrodes and added up with charge carriers created in the 

active layer. This enhanced generation of the electrons and holes can be clearly observed in 

Figs. 4.28 (a) and (b). Herein, these figures depict that the P2 contains much higher 

concentration of electron and hole as compared with P1. This higher concentration of charge 

carriers improves the current density (photocurrent per unit area). The electron current density 

of P2 is much higher than P1 as illustrated in Fig. 4.28 (c). It is specifically higher near the 

cathode region because of higher concentration of the electrons. 

                    
                                      (a)                                                                                             (b) 
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                                               (c)                                                                                         (d) 

              
                                                (e)                                                                                      (f) 

 

(g) 

Fig. 4.28 Vertical cutline analysis of P1 and P2 in terms of (a) Electron concentration, (b) Hole concentration, (c) 

Electron current density, (d) Potential, (e) Conduction band energy, (f) Valence band energy and (g) QFL 

Next, Fig. 4.28 (d) outlines the potential distribution of the proposed device P2, wherein the 

potential is observed maximum at the interface of acceptor-donor layers. However, for device 

P1, potential is falling on each side in a step graph manner which represents the mismatch of 
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energy levels at different positions in the reference device. On the other hand, the potential 

drop is smooth for P2 and thus illustrating a better matching of energy levels that also helps in 

smooth conduction of charge carriers. 

Further, the conduction band and valence band energy plots for P1 and P2 are depicted in Figs. 

4.28 (e) and (f), respectively. The conduction and valance band energy declines in the acceptor 

donor layer range for novel device P2. However, the conduction band bends steeply towards 

the anode for P1 which interprets that in device P2, the potential energy is being used in and 

near acceptor-donor layers for the purpose of hole pair generation through the exciton. 

Additionally, there is a low injection barrier for the charge carriers near the electrodes. On the 

contrary, P1 shows a steep slope near the electrodes highlighting mismatch in the energy levels, 

thus, creating higher resistance for the carrier flow which results in higher current for the 

proposed novel device P2. 

These assumptions for the charge carrier generation and flow are also supported through the 

electron QFL plot. Figure 4.28 (g) depicts the electron QFL plot for both the devices. The QFL 

value of P2 is much improved due to the addition of CGL. It shows a smooth QFL throughout 

the device, whereas, for P1, the QFL level is stepped and even goes below zero value. This 

variation again depicts a high injection barrier for the charge carriers at the electrode resulting 

in contact limited carrier extraction. After examining all these parameters, it is very clear that 

the proposed OPD shows a significant improvement in the performance.  

4.8.2 Horizontal cutline analysis 

To understand the impact of structure, a horizontal cutline is drawn inside the active layer of 

P1 and P2. Figure 4.29 (a) depicts the conduction band and valence band energies of the P2. The 

figure illustrates straight and smooth band within the active layer. Further, the potential 

distribution of P1 and P2 is shown in Fig. 4.29 (b) and a slight variation in potential is observed 

for between the two devices due to CGL. This variation highlights a better exciton dissociation 

is P2 within the active layer. Afterwards, Fig. 4.29 (c) depicts a higher current density for device 

P2 than that of P1. A high current density within the active layer means more effective separation 

of charge carriers in the active layer and their movement towards the respective electrodes. 
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                                             (a)                                                                    (b) 

 

           (c) 

Fig. 4.29 Horizontal cutline analysis for (a) Band energies, (b) Potential distribution, and (c) Current density  

The cutline analysis brings forth that the CGL is impactful in enhancing the device 

performance. The CGL helps in exciton dissociation in active layer and in themselves. Such 

behavior is inferred through the high charge carrier density and potential energies observed in 

these layers and their vicinity. Additionally, the band diagrams and QFL plot show that CGL 

improves the energy level alignment within the device and thus resulting in an easier transfer 

of charge carriers from the device towards the electrodes. Consequently, the current density in 

the device is much improved. 

4.9 SUMMARY OF THE RESULTS 

The present chapter is focused on investigating the impact of charge generation layers on the 

performance of OLED and OPD devices. An in-depth analysis is conducted on the position and 

thickness of these layers and the consequent impact on the device performance is observed. A 
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novel OLED device (L6) is proposed, wherein, the CGL encapsulates the emission layer and 

results in the best performance. Similarly, a novel OPD structure (P2) is also proposed with 

CGL on both sides of the active layer. Achieving the best performance from both the OLED 

and OPD devices with similar architecture, opens the possibility of fabricating both the devices 

on the single substrate. The important outcomes of the analysis performed in this chapter are 

enlisted below. 

• The performance of a reported (fabricated device) blue reference OLED (L1) is 

analysed and validated using Silvaco Atlas tool.  

• A CGL based novel structure of OLED (L6) is proposed. The CGL consists of hole 

(TAPC) and electron (HAT-CN) injector layers. Additionally, the CGL is placed at 

different positions (L2, L3, L4 and L5) to observe the performance variation in terms of 

current density and luminescence. The outcomes depict that the OLED with CGL at 

outside of emissive layer (in device L6) exhibit the best results. The enhanced 

performance of the proposed device L6 can be attributed to increased electron and hole 

concentrations arising from the optimized placement of the CGL. 

• The current density and luminescence of proposed device (L6) is obtained as 0.44 A and 

3636.3 cd/m2. The device exhibits an improvement in luminescence by 16.8, 2.3, 1.7, 

3.0 and 1.6 times and in current density by 73.0, 5.7, 4.4, 7.8 and 1.4 times than that of 

L1, L2, L3, L4 and L5, respectively.  

• Furthermore, vertical and horizontal cutline analysis is performed to understand the 

internal device behaviour and the facts associated with the device performance. The 

results of internal analysis depict that CGL layers are influential in enhancing the 

electron and hole concentration within the device L6 which results in higher carrier 

recombination as per the Langevin’s theory of recombination for slow moving charge 

carriers. 

• Since, CGL generates these charge carriers in huge number, therefore, maximum of 

these combines in the emission layer. However, for the charge carriers that do not 

combine move towards the electrode and results in higher current density in device L6. 

• A reference OPD device (P1) is validated with less than 5% deviation for photo current 

and dark current characteristics. This validation is performed to set the boundary 

conditions in terms of materials, thickness, and structure to propose a novel device. 

• CGL is incorporated in the OPD (P2) to enhance its performance in terms of dark current 

and photocurrent. The P2 device exhibited a photocurrent of 134.2 nA which is about 



112 
 

34 times higher on comparing with P1. The dark current of P2 (10.2 nA) is also higher 

than the P1 (0.25 nA) probably due to the inclusion of CGL.  

• The proposed device (P2) is further compared with three other CGL based devices 

named as P3, P4 and P5. In case of P2, the holes and electrons generated from the CGL 

are efficiently attracted toward the electrodes and contribute to the charge carriers in 

the active layer, resulting in enhanced current and higher photocurrent generation. 

Consequently, device P2 exhibits the best performance among all four devices. The 

photocurrent of P2 is increased by 1.6, 1.4 and 9 times in comparison to P3, P4 and P5, 

respectively. 

• Additionally, internal analysis is performed on the proposed and reference OPD using 

horizontal and vertical cutlines at different positions of the structures. This analysis 

highlights that the CGL layers used in the device also interact with the excitons 

produced due to the light interaction within the active layer. Thus, the CGLs generate 

extra electron and holes in the device enhancing the photocurrent. Also, the energy 

levels are better aligned in device P2 as compared to P1. Therefore, the charge extraction 

is easier in P2 as can be observed by its higher photocurrent values. 

Present work focuses on the enhancement of OLED and OPD performance using charge 

generation layers. Both the devices have depicted an improved performance. However, both 

devices have scope for improvement, particularly the OPD, for which dark current is 

critical. The significance arises from the fact that the detectivity of the device depends on 

its value and so does the device power consumption. This parameter should be given due 

attention while designing the OPD by using novel methodologies. It is observed that CGLs 

can improve device performance, similarly, more advanced layers such as cathode 

interlayers can be investigated to reduce the dark current in the device. Additionally, 

synthesizing new materials can enhance charge separation and boost device performance. 
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CHAPTER-5 

COVID-19 DISEASE DETECTION USING PROPOSED 

FLEXIBLE DEVICES 

5.1 INTRODUCTION 

The light-based disease detection has been prominent in the field of medical science for almost 

a century now. Scientists and researchers have been using basic spectroscopy-based study of 

bio-molecules for even a longer duration. These studies are often based on interaction of 

biological molecules with light and change its properties, most often with respect to 

wavelength. This process is based on fluorescence mechanism. When a light of some 

wavelength falls on a sample, it interacts with it and re-emits a light of different wavelength 

and this change in wavelength further helps in detection.  

In the modern medical science, fluorescence detection is being used for an assorted range of 

bio-medical applications, such as oximeter sensor, cancer detection, monitoring protein-DNA 

interactions, heart stroke detection, etc. This smart detection methodology was first introduced 

by Heyduk and Lee in 1990. With the advancement in the science and technology, ultra-thin 

and flexible sensors have emerged as a highly promising field for such health-care applications. 

The integration of organic light emitting diode and organic photo diode presents themselves as 

a well-suited methodology for these kinds of health-care applications.  

Therefore, in the present chapter the OLED and OPD devices, investigated in the previous 

chapters, are utilized to work in unison for biomedical application. A light-based sensor 

requires two major aspects, one is a light source wherein OLED can be used, and the other is a 

light detector for which OPD is well suited. Focusing on this aspect, the present chapter 

proposes a methodology for Covid-19 detection. The procedure consists of proposed blue 

OLED and OPD devices (discussed in chapter 4) that analyses the human saliva sample and 

determine whether the person is infected with SARS-COV-2 or not.  

The basic detection is based on methodology proposed by Lee et al. [226]. Using a simplified 

procedure, a saliva assay was so developed that the N1 and N2 genes pertaining to SARS CoV-

2 RNA were extracted [226]. These genes further interact with light in the presence of proposed 

probe [226] and made it possible to detect Covid-19.  Additionally, research has shown that the 

procedure is highly accurate as normal Covid does not test positive for this arrangement. 

Herein, for simplification, the developed saliva system for gene extraction is called as saliva 
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sample. The work is focused only on the interaction of light with the system and since OLED 

and OPD are more sensitive to light therefore, it is expected that utilizing these devices help 

the entire system in achieving a higher accuracy. An in-depth analysis is being performed on 

both the OLED and OPD devices to make these devices work in unison for the detection of 

SARS-COV-2 virus inside human saliva sample.  

This work also compares the proposed methodology with some other researcher’s work. The 

proposed OLED-OPD integration may be utilized for other sensing applications such as 

environmental monitoring, multispectral sensing, optical sensing and IoT devices. Here, 

following objective is formulated to realize suitable OLED and OPD devices for Covid-19 

detection: 

“Covid-19 disease detection using proposed OLED, OPD and OTFT devices” 

The following methodology is used to obtain desired objective: - 

• Design and analysis of CGL based OLED which emits light of the required wavelength 

for Covid-19 detection. 

• Characteristics analysis of CGL based OPD to detect and differentiate between the 490 

nm and 525 nm wavelength for Covid-19 detection. 

• Analyse the proposed methodology for multiple persons. 

The objective of the present chapter is to propose a novel OLED and OPD based portable 

sensor on a single substrate for detection of Covid-19. The methodology based on OLED and 

OPD is a novel one as previously researchers have not used the two devices for similar 

application. Moreover, OTFT has been utilized in the present work for possibility of driving 

the present OLED device to emit the desired wavelength of light. Additionally, an analysis has 

been undertaken for the utilizing the proposed methodology for detection of Covid-19 in 

different people wherein their saliva sample attributes can vary. 

The complete chapter is arranged in five sections including introduction in Section 5.1. 

Afterwards, the methodology for Covid-19 detection as used by various researchers is 

showcased in Section 5.2. Further, the OLED and OPD devices are analysed for Covid-19 

detection in Section 5.3 followed by OLED driving circuit. Thereafter, in Section 5.4, Covid-

19 detection is performed using suitable OLED and OPD devices. Furthermore, to validate the 

detection arrangement, methodology is applied on multiple persons. The summary of this work 

is incorporated in Section 5.5. 
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5.2 METHODOLOGY FOR DETECTION OF COVID-19 

In 2019, coronavirus pandemic forced us to think the importance of rapid and accurate point of 

care diagnostic tests using flexible portable devices. Many researchers have proposed different 

Covid-19 methodologies focused on light-based detection. Wang et al. [246] in 2020, proposed 

a sensitive and rapid detection of Covid-19 using CRISPR/Cas12a (CRISPR-associated protein 

12a (Cas12a) endonuclease)-based assay. It was suitable for reliable and simple diagnosis in 45 

minutes. Thereafter, in 2020, Ding et al. [247] proposed dual CRISPR/Cas12a assay for 

ultrasensitive and visual Covid-19 detection. The assay was applied on corona virus swab 

samples and provided consistent results when compared with RT-PCR assay. 

Further, in 2021, Lee et al. [226] designed a compact Covid-19 test device which detected the 

presence of SARS-CoV-2 and produced the rapid results within 20 mins of sample loading. 

Furthermore in 2022, Lian et al. [248] presented antibody detection method by using an OLED 

based on fluorescence-linked immunosorbent assay. In 2022, Zhang et al. [249] developed a 

wearable flexible test strips for corona virus rapid detection. In this research, two highly 

sensitive test strips were designed for RBD and N antigens of SARS-CoV-2. 

 

Fig. 5.1. Covid-19 detection using OLED and OPD devices 

The methodology for Covid-19 detection used here is depicted in Fig. 5.1. Herein, OLED is 

utilized as light emitter whereas, OPD is utilized as light detector based on their basic 

properties. First, light from OLED falls on the saliva sample which excites the saliva sample 

(i.e. the SARS-CoV-2 genes in the presence of CRISPR probe) and further the fluorescence 

emission takes place. This fluorescence emission is further detected by the OPD. If the 

fluorescence emission occurs in the range of 525 nm, OPD produces 63.5 mA of current. 

Emission of this wavelength depicts the presence of Covid-19 RNA. On the other hand, the 

emission wavelength of 490 nm range produces a current of 37.2 mA and thus the person is 

declared healthy. The peak emission and detection wavelengths of OLED and OPD is 470 nm 

and 525 nm, respectively.   
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5.3 ORGANIC LED AND PHOTO DIODE UTILIZATION FOR COVID-

19 DETECTION 

The present section explores the possibility of using organic devices for Covid-19 detection. 

The OLED (L6) and OPD (P2) devices proposed and analysed previously (depicted in Fig. 5.2 

again for reference) are examined to check the possibility of Covid-19 detection with their 

usage. The proposed OLED is suitable to produce blue color light and the designed OPD is 

capable to detect green light emission. These characteristic specifications for both devices are 

based on the reports available in literature [246-248] to diagnose the Covid -19 disease. The 

researchers have investigated different light-based methodologies for Covid-19 detection and 

few of these works specifically on light-based detection are enlisted in Table 5.1. 

                            

                      (a)                     (b) 

       Fig. 5.2. Utilized (a) OLED and (b) OPD devices for Covid-19 detection  

Table 5.1. Comparison of existing research work with proposed work in terms of wavelength 

Ref. Excitation 

Wavelength (nm) 

Detection 

Wavelength (nm) 

Sample Virus detected 

[249] 365 550 Saliva  SARS-CoV-2 

[246] 485 520 Saliva  SARS-CoV-2 

[248] 495 570 Saliva  SARS-CoV-2 

[247] 470 550 Saliva  SARS-CoV-2 

[226] 470 525 Saliva  SARS-CoV-2 

Prop. 470 525 Saliva SARS-CoV-2 

It is observed from the table that almost 90% of the researchers have used the detection emission 

wavelength in the range of 450-495 nm for excitation of the samples. This wavelength range 

provides blue light which matches the emission spectra of the proposed OLED device L6. On 

the other hand, the fluorescence emission from the sample is detected in the range of 520-570 
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nm that is the regime of green wavelength. Hence, the OPD device P2 is capable to detect the 

wavelengths in this range and can produce corresponding current values.  

Therefore, based on the data provided in Table 5.1, the proposed devices are effectively utilized 

to efficiently detect the SARS-CoV-2 virus. Additionally, the structures of proposed devices are 

similar and based on CGL layers which can lead to realize both devices on same platform more 

efficiently. Therefore, in this work, the proposed blue OLED and OPD are integrated to check 

whether a person is infected by Covid-19 or not. The excitation and detection wavelengths are 

considered as 470 and 525 nm, respectively.  

5.3.1 OLED driver circuit 

The detection methodology discussed earlier needs an effective emission from the OLED with 

a good luminescence and intensity characteristics. This emission should be of a particular 

wavelength that can further acquire a fair enough wavelength difference on reflection from the 

sample for a healthy person and a patient suffering from corona virus. To accomplish the 

emission on a particular wavelength, the current should be high enough for the OLED, which 

can be achieved at a high voltage. Sometimes, a driving element can be helpful to acquire the 

sufficient voltage to generate a significant intensity of light from the OLED. In recent times, 

OTFTs are reported as a good switching element to drive the OLED based arrays owing to their 

very high on-off current ratio [250, 251]. In some cases, OTFT based amplifiers can also be 

used to raise the signal strength of the detector, if it is low and not differentiable.  

Here, to drive the OLED (L6) device, voltage-controlled vertical OTFT can be used but with 

inclusion of some high mobility materials to attain a high driving current. These high mobility 

materials can be DNTT, diF-TES-ADT, C8-BTBT, etc. [252-254]. Vertical channel based 

OTFTs consist of a low channel length and thus attain high current values at low VDS and VGS. 

The structure of vertical TFT (proposed in Chapter 3) consists a ditch like structure filled with 

organic semiconductor and observed capable enough to generate high current values. The 

device resistance of vertical channel transistor also observed lower than that of planar OTFTs 

that leads to a lower voltage drop across the transistor while it is operated in full conduction 

mode.  

It can be understood from the Fig. 5.3, where the driver V-OTFT is connected in series with the 

OLED device. The current in OTFT can be controlled by the gate voltage (VGate) and supply 

voltage VDD. Here, the gate voltage is kept at zero to attain a high VGS (here -5V) and to enable 

a high current in the transistor. A small variation in gate voltage (subsequently in VGS) can lead 
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to a significant change in the current and thus the luminescence of OLED too. The curve 

between anode voltage (node 3) with respect to VDD (node 1) is plotted in Fig. 5.4 (a). Here, it 

is evident that a very less voltage drop occurs across the V-OTFT and it can deliver maximum 

voltage to the OLED.  

 

 

 

 

 

 

 

Fig. 5.3. OLED driver circuit using V-OTFT 

                    
                 (a)                (b) 

         Fig. 5.4. (a) Variation of anode voltage at node 3, and (b) Current and luminescence curves of OLED 

Further, Fig. 5.4 (b) outlines the current vs voltage at node 1 (VDD) curve. The OLED is 

producing 0.128 A of current and maximum luminescence of 1061 cd/m2 at terminal voltage of 

5 V. It can be concluded that anode voltage of the OLED is controlled by the VDD, which further 

regulates the luminescence of the light emitting diode.   

5.4  COVID-19 FLUORESCENCE DETECTION USING OLED AND OPD 

DEVICES 

The present section provides the results pertaining to the Covid-19 detection using OLED and 

OPD devices. The detection methodology is basically based on the emission of wavelength 

from OLED and detection of wavelengths at OPD. A light beam of 470 nm emitted from OLED 

falls on a human saliva sample and excites the sample. Now, fluorescence from saliva sample 
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is detected by OPD and respectively a current is produced. When the sample contains SARS-

COV-2 virus, the RNA gene sequence forces the emission in 525 nm range. Corresponding to 

this wavelength, the OPD produces a current of 63.5 mA.  

On the contrary, if the SARS-COV-2 gene is not present, the emission wavelength from the 

sample is 490 nm. Corresponding to 490 nm, the current produced by the OPD is 37.2 mA. The 

difference of two currents is quite high and thus the currents can be differentiated to determine 

a person healthy or infected by Covid-19. The complete information related to excitation 

wavelength and resultant fluorescence emission wavelength is summarized in the Table 5.2. 

The table also shows the current obtained in the two cases and possible interpretation of results.  

Table 5.2. Excitation and emission wavelengths with current for Covid-19 detection using OLED and OPD 

Excitation 

Wavelength 

Peak Fluorescence 

Emission 

Current corresponding 

to Fluorescence Emission 
Outcome 

470 nm 525 nm 63.5 mA Person is infected by Covid-19 

470 nm 490 nm 37.2 mA Person is healthy 

Herein, Fig. 5.5 depicts the current produced by the OPD on the basis of received wavelengths. 

It is clearly seen from the figure that a higher current of about 63.5 mA is produced at 525 nm 

wavelength. However, the current is 37.2 mA for a wavelength of 490 nm. This observation 

shows that the OPD is capable of differnetiating between these two wavelengths. Furthermore, 

Figs. 5.6 (a) and (b) illustrate the comparison of the proposed work with other researcher’s work 

in terms of peak intensites of OLED and detection wavelengths at OPD, respectively. It is 

observed from Fig. 5.6 (a) that even at differnet peak intensities, light output from the OLED is 

similar for same wavelengths. Additionally, when light of different wavelength falls on OPD, 

the differnt current values are achieved. 

The proposed Covid-19 detection methodology is applicable for different persons. It takes into 

account the individuality of the person as different people may have varying attributes. Herein, 

ten values of luminescence (L1-L10) at different voltages (0-5 V) are considered from the output 

of the proposed OLED device as depicted in Table 5.3. This table highlights that at different 

voltages, the luminescence values will be different and these luminescence values are named 

as L1-L10. When the light of these different luminescence values from the OLED falls on saliva 

sample, the output fluorescence values are received in the form of beam. Different beam 

emission values (B1-B10) from saliva sample corresponds to the different luminescence values 

(L1-L10), respectively. 
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Fig. 5.5. Current with respect to wavelength variation for OPD 

 
                                                     (a)                                                                        (b) 

Fig. 5.6. Comparison of the proposed work with others in terms of (a) Peak intensities, and (b) Output current 

produced by OPD 

Table 5.3. Luminescence values of OLED (L6) at different voltages (0-5 V) for wavelength 470 nm 

Voltage (V) Luminescence (cd/m2) 

0.5 L1=54.34 

1 L2 =104.26 

1.5 L3=169.11 

2 L4= 249.68 

2.5 L5=345.94 

3 L6 =457.86 

3.5 L7=585.40 

4 L8=728.51 

4.5 L9=887.12 

5 L10 =1061.17 

Corresponding to each beam a current value is generated by the OPD for both cases, one when 

the patient is suffering from Covid-19 and second when person is a healthy one. These values 

are shown in Table 5.4. Corresponding current values for healthy person (490 nm wavelength) 

and a Covid-19 patient (525 nm wavelength) for each beam is also depicted in Fig. 5.7.  
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Table 5.4. Current variations in OPD at different light beams from OLED for Covid-19 detection 

Light beams fall on OPD with 

different luminous values at 

different voltages (emission 

wavelength=470 nm) 

Currents (mA) obtained at detector 

corresponding to B1-B10 

Wavelength for Disease 

Detection=525 nm 

Wavelength for No 

Disease = 490 nm 

B1 10.7 5.2 

B2 11.4 6.5 

B3 12.3 7.1 

B4 14.8 7.9 

B5 18.4 8.7 

B6 21.5 10.2 

B7 25.2 13.1 

B8 29.7 15.4 

B9 34.1 18.8 

B10 38.5 19.9 

 

Fig. 5.7. Currents variations in OPD at different light beams 

When the light beams (B1-B10) with these different luminous values having same excitation 

wavelength (470 nm) fall on the photo diode, it produces different values of currents at 525 nm 

and 490 nm for Covid-19 detection and non-detection, respectively (Table 5.4). Because all the 

light beams contain different intensity and luminescence, but same wavelength. This proposed 

idea can be compared with the real time situations where saliva samples may vary for different 

persons even if it does not contain any Covid-19 virus. In that case, the luminescence and 

intensity can be altered as per the discussed logic but the current values corresponding to the 

wavelengths 525 nm and 490 nm may be only slightly varied. Thereby, it can be concluded that 

the proposed methodology for the Covid-19 detection is suitable for various persons. 

5.5 SUMMARY OF THE RESULTS  

In the present chapter, it is depicted that the combination of organic devices: OLED, OPD and 

OTFT can be used successfully for the detection of Covid-19. The novelty of the detection lies 
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in the fact that OLED and OPD devices are used first time for such a biomedical application. 

Additionally, the V-OTFT is utilized for driving the OLED so that the emission wavelength can 

be controlled effectively. Finally, it is illustrated that the present methodology can be 

successfully implemented for the detection of Covid-19 using a portable sensor based on the 

above-mentioned organic devices. The important outcomes of the chapter are highlighted 

below. 

• This chapter explores the flexible devices: OLED, OPD and OTFT in order to design a 

flexible bio-medical sensor for Covid-19 detection. The work discusses a fluorescence-

based method for the detection of SARS-COV-2 virus present in a human saliva sample.  

• Two high performance OLED and OPD devices designed and analysed previously are used 

for the detection. The OLED excites the sample at 470 nm.  
• The Covid-19 gene present in the saliva sample changes the property of light. Thereby the 

wavelength is altered as 525 nm for the detection of Covid-19 and 490 nm for a healthy 

person. Further, the OPD provides the current variations corresponding to these two 

different emission wavelengths from the saliva sample.  
• The OPD generates a current of 63.5 mA corresponding to 525 nm wavelength, which 

shows the presence of corona virus in the saliva sample. Conversely, for a healthy person, 

the current generated by OPD is 37.2 mA corresponding to 490 nm wavelength. 
• Furthermore, it is also shown that the proposed detection technique is applicable for 

detecting SARS-CoV-2 in different persons. Analysis results show that by providing 

different voltages to the OLED, varying luminescence is achieved. Respectively, emission 

beam varies and the OPD still provides different current values for Covid-19 patient and 

healthy person.  
Here, the detection of Covid-19 is focused by integrating OLED, OPD and OTFT devices. This 

method presents the possibility of developing portable sensor for multiple biomedical 

applications. These devices should be developed with the focus on specific applications that 

requires intensive investigation of materials and device structure. Therefore, the focus should 

be on obtaining specific colour outputs from the OLED as per the requirement of the 

application while developing these devices. Additionally, the output should be stable for longer 

duration. Therefore, the materials fabrication and development techniques should be focused 

in this aspect.  
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CHAPTER-6 

HEART RATE MONITORING AND OVARIAN CANCER 

DETECTION USING OLED AND OPD DEVICES 

6.1 INTRODUCTION 

The Covid-19 pandemic of 2020 has made people more cautious about their wellbeing. 

Consequently, people are becoming more aware about their health and its regular monitoring 

which has led to the rapid advancements in the field of sensors with the focus on biomedical 

applications. As discussed previously, light-based detection methodologies are at the 

frontrunner in most of these sensors. The primary reason is the non-invasive nature of these 

methods. Sensory devices based on this approach are being explored not only for disease 

detection but also for the continuous monitoring of various critical health related parameters.  

LED’s and photodiodes are the primary choice for these light-based fluorescence devices. 

These devices have been used for designing various sensors including PPG, pulse oximeter, 

spectrophotometer, optical coherence tomography (OCT). However, with the focus on 

portability, affordability and low-cost, recently, OLED and OPD devices have been explored 

for similar applications. Based on these devices, researchers have proposed methodologies for 

detection of ovarian cancer [229], heart stroke, and SARS-COV-2 [248]. Additionally, due to 

high sensitivity towards light, organic devices have proved to be more accurate.  

Incorporation of these flexible organic LED and photo-diode provides compact and ultra-

flexible sensors. Various researchers have used these devices for a range of sensory 

applications. A combination of OLED and OPD was investigated by Titov et al. [38] to design 

a cost-effective optical detector. Additionally, quantitative detection of inositol phosphoglycans 

antibodies was presented by Katchman et al. [39] using human serum by using these organic 

devices. Further, Lim et al. [40] proposed an oxygen sensor Utilizing OLED and OPD. In this 

research, the detection of oxygen concentration was performed by the simultaneous monitoring 

of TcPO2.  

Furthermore, Lochner et al. [255] proposed a low-cost methodology to design a pulse oximeter 

using both OLED and OPD. The fabricated novel design showed good results with an error of 

1% and 2% only while measuring the pulse rate and oxygen, respectively. Moreover, a 

reflectance oximeter sensing device was proposed with integration of these two optoelectronic 

devices. With this method, three sensor geometries: circular, rectangular and bracket were 
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illustrated. Afterwards, Lee et al. [226] fabricated an organic LED and photodiode-based sensor 

for the detection of corona virus i.e. SARS-CoV-2. The proposed device could detect the virus 

within 20 minutes using fluorescence emission.  

This chapter focuses on two different methodologies: one for monitoring the heart rate and the 

other for detecting ovarian cancer using OLED-OPD integration. The following objective is 

framed to accomplish the work: 

“Characteristic analysis of proposed OLED and OPD devices with selected materials and 

their utilization for heart rate monitoring and detection of ovarian cancer” 

The following methodology is followed to achieve above mentioned objective: - 

• Design and analysis of Polymer SPG-01T (Spiro-copolymer) (EML) based green color 

OLED incorporating suitable CGLs for heart rate monitoring. 

• Design and analysis of QAD (4-(5,6-dimethoxy-1-benzothiophen-2-yl)-4-oxobutanoic 

acid) (EML) and CGLs based OLED for ovarian cancer detection. 

• Analysing OPD device with modified layers as light detector to monitor heart rate and 

detect ovarian cancer in cohesion with proposed OLED. 

The present chapter continues the work in the preceding chapter wherein combination of 

organic devices was used for detection of Covid-19. However, herein the focus lies in 

monitoring of heart rate. Therefore, using the novel proposed architecture, OPD device is 

designed to emit green light specific to heart rate monitoring. Similarly, green OPD device is 

also developed for the detection purpose. Combination of these devices makes it possible for 

monitoring of heart rate. Additionally, OLED and OPD devices are also used for detection of 

ovarian cancer. Researchers have tried detection of ovarian cancer through fluorescence 

detection; however, OLED-OPD integration is used for the first time for this application. 

Moreover, the results depict successfully non-invasive methodologies for monitoring of heart 

rate and detection of ovarian cancer. 

This chapter is arranged in eight different sections, wherein, Section 6.1 is about introducing 

different sensing application using OLED and OPD. The methodology for heart rate detection 

is illustrated in Section 6.2. and accordingly, some layers of OLED and OPD devices are 

modified in order to measure the heart rate in human in Section 6.3. Subsequent results are 

discussed in Section 6.4. Similarly, ovarian cancer detection methodology is discussed in 

Section 6.5 along with a comparison of reported researchers’ work with the proposed work. 

Afterwards, the devices are modified on the basis of need for the cancer detection and 
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discussed in Section 6.6 with subsequent results in Section 6.7. Further, Section 6.8 

summarized the work presented in this chapter. 

6.2 DETECTION MECHANISM FOR HEART RATE MONITORING 

The photoplethysmography (PPG) is very popular medical technology to measure heart rate 

and blood oxygen in real time [256, 199]. This device was most widely used during the 2020 

pandemic to measure these two vital health parameters. The working principle follows the light 

detection methodology which contains a LED and a photo-diode as depicted in Fig. 6.1. A target 

light beam of green color falls from the LED on the blood tissue. The blood has the property to 

absorb this green light. Therefore, a portion of the light is absorbed and rest is reflected 

depending upon the amount of blood volume flowing in the vessels. The photo-diode senses 

the reflected light and converts it into an electrical signal.  

Various researchers have devoted efforts in designing a highly efficient, motion tolerant low 

noise PPG sensor. Kim et al. [257] proposed an ‘All in one sensor’ by integrating OLED and 

OPD aimed to detect heart rate, blood pressure and heart rate variability. Moreover, Lochner et 

al. [255] reported all organic optoelectronic sensor to measure the human pulse rate using green 

and red OLEDs and single flexible OPD. The device exhibits only 1% error in the pulse rate 

measurement.  

 

Fig. 6.1 Heart rate detection methodology using OLED and OPD devices 

Pandey et al. [258] also designed an OLED-OPD based flexible sensor in which heart rate is 

measured with 96% accuracy. In addition to this, the ideas for flexible and wearable devices 

for pulse oximetry sensor are discussed by Dcosta et al. [259]. This research was focused on 

the geometry, design, processing technique, and encapsulation of the oximetry sensor. 

Furthermore, Jhuma et al. [260] presented a review which is focused on the growth of PPG 

sensors in terms of their flexibility.  
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Moreover, Simone et al. [261] proposed an organic reflectance PPG array using 16×16 OPD 

pixel. The pixel device exhibits the sensitivity up to 950 nm and low dark current as 10-6 mA/ 

cm2. Additionally, Bilgaiyan et al. [262] investigated the OPD performance for refining the 

sensing ability of PPG sensor. The review presented here highlights that researchers are more 

focused on utilizing the OPD for the detection of heart rate and use of OLED is not that 

prominent. Mostly, the OLED has been explored for sensor displays. However, the few 

researchers who have used the combination of OLED and OPD for heart rate monitoring have 

achieved better results. Therefore, the present work focuses on the combination of these two 

devices for heart rate monitoring. 

6.3 DEVICE MODIFICATION IN TERMS OF WAVELENGTH FOR 

HEART RATE MONITORING 

The proposed work incorporates OLED and OPD devices for heart rate monitoring. The devices 

designed in the previous chapters are based on blue color wavelength and thus needs some 

modifications to apply for heart rate monitoring. Therefore, in this section, two devices OLED 

(H1) and OPD (H2) are designed and analysed specifically focused on the requirements of a 

heart rate monitor. The device structure is same as the proposed devices; however, the material 

of the emission layer is changed with the focus of green light emission. Accordingly, the CGL 

layers are selected to have a close energy matching with the adjacent layers. As per the 

methodology, the light emitter device should able to produce a desired green wavelength and 

the light detector must be capable of detecting the reflected wavelength. Both devices H1 and 

H2 are discussed in the following sections in detail.  

6.3.1 Modified green OLED (H1) for heart rate monitoring 

Herein, a modified OLED structure (H1) is presented as shown in Fig. 6.2 (a) wherein the 

proposed device shown in Fig. 4.6 is altered with respect to the layers to achieve desired green 

wavelength emission. The reference device for this structure is validated previously in chapter 

4. Figure 6.2 (b) outlines the simulated structure of the OLED device (H1). The device contains 

eight different layers detailed in the Table 6.1 along with materials and thicknesses. The results 

are obtained using Langevin recombination rate model that is applied in the 2-D device 

simulator for the study of recombination rate. Further, Poole-Frenkel mobility model is applied 

to understand the carrier’s transportation in the device. 
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                                           (a)                                                                                     (b)                                                                                                                        

Fig. 6.2 (a) Structure of Green OLED device H1 and (b) Simulated structure of device H1 

Table 6.1 Different materials used in OLED (H1) along with the thickness of each layer 

Layer Material and dimensions for Proposed 

Device (H1) 

Material Thickness (nm) 

Cathode 1 Al 150 

Cathode LiF 1 

ETL BPhen 30 

CGL (Electron generator) C70 20 

EML Polymer green SPG-01T  20 

CGL (Hole generator) Pentacene 20 

HTL1 NPB 60 

HTL2 PEDOT:PSS 90 

Anode ITO 20 

a. Need of CGL in OLED H1 

The charge generation layer has proven influential in enhancing the device performance as 

demonstrated previously. Therefore, the present device H1 also consists of the CGL layers. The 

selection of CGL is based on the matching of the energy levels with the adjacent layers. In the 

present work, CGL layers (Pentacene and C70 (Fullerene-70)) are placed between the HTL 

layer NPB and the ETL layer BPhen. The Pentacene material meant for hole generation, is 

placed close to NPB, which leads to a good match in their corresponding energy levels of 5 eV 

and 5.4 eV. Similarly, BPhen and C70 (for electron generation), depicting LUMO levels 3.2eV 

and 4.0eV respectively, are placed next to each other. The small energy gap between these 

adjacent layers results in better injection of the charge carriers from electrodes towards the 

EML. Additionally, these layers generate the charge carriers, which are further provided to the 

EML. 
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The CGL is placed on each side the EML (Fig. 6.2 (a)) in the modified device. Inclusion of 

CGL in organic LED contributed significant improvement in charge carrier injection. Thereby, 

the device exhibits higher current density and enhanced luminous properties [25-28]. Thus, 

generated excess electrons and holes are directly moving to the EML which automatically 

results in an enhanced recombination rate in H1 as based on the Langevin’s theory.  

b. Wavelength calculation for H1 

Every light wave has its own specific wavelength which is dependent on the energy band gap 

of the materials used for emission layer. Herein, the calculation of wavelength for the modified 

green OLED H1 is mentioned. As shown in Table 6.1, the material for EML is SPG-01T which 

contains the energy band gap of 2.5 eV [263].  

The energy gap (Eg) = ℎν         (6.1) 

where, ν =
c

λ
          (6.2) 

Hence, 𝐸𝑔 =
ℎ𝑐

λ
  (in Joule),         (6.3) 

and 𝜆 =
ℎ𝑐

𝐸𝑔
 (in meters)                                              (6.4) 

In equation 6.4, the parameters h, λ and c represents Planck’s constant, wavelength and speed 

of light, respectively.  

After incorporating all the values in equation 6.4,  

𝜆 =
6.626 × 10−34 × 3 × 108

2.5 × 1.6 × 10−19
 

                                                   𝜆 = 497nm 

It is clear from the value of λ that OLED (H1) exhibits green color wavelength as the green light 

ranges from 495 nm to 570 nm. 

6.3.2 Modified OPD (H2) for the detection of wavelengths 

The OPD device required for the detection of heart rate, should detect green wavelength and 

must be able to produce corresponding current output based on even a small variation. 

Therefore, in the present sub-section, the proposed OPD device (Fig. 4.22) is modified with 

respect to active layers and CGLs. The CGLs (Pentacene and C70) used herein are same as that 

of OLED device H1 which opens the prospect of fabricating both the devices on a single 

substrate. The active layer utilized herein are C60 and CuPc as acceptor and donor layers, 

respectively. These active layers are sensitive to green light thereby, enhancing the device 

sensitivity. This OPD device is named as H2. 
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 (a) 

 

                                              (b)                                                                                            (c)  

Fig. 6.3 (a) Simulated structure of OPD (H2), (b) Proposed structure of the device OPD (H2), and (c) Results for 

dark current and photo current of H2  

Table 6.2 Enlisting of the materials along with their thickness values for each layer of OPD (H2) 

Layer Material and dimensions for H2 

Material Thickness (nm) 

Cathode 1 LiF 1 

Cathode Al 150 

ETL BPhen 12 

CGL (Electron generator) C70 50 

Acceptor C60 40 

Donor CuPc 20 

CGL (Hole generator) Pentacene 30 

HTL1 PEDOT:PSS 90 

Anode ITO 20 

Table 6.2 shows all the incorporated materials used in H2 along with the thickness for each 

layer. Figure 6.3 (a) depicts the simulated structure of H2 device. Similar to the proposed device, 

CGLs of C70 and Pentacene are used such that acceptor and donor materials should remain 
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between these two layers. Herein, Pentacene (the hole generator layer) is used towards the donor 

layer - CuPc and C70 (the electron generator layer) is used on the acceptor layer side (C60). The 

respective thickness of these two CGL layers are 30 nm and 50 nm. The device is operated in 

reversed bias mode. 

When the light falls on the acceptor donor layer interface, the process of exciton dissociation 

takes place resulting in generation of electrons and holes. Additionally, the excitons also interact 

with the nearby CGL, which results in the generation of additional charge carriers. Since, 

Pentacene is a hole injector therefore, on interaction with excitons it generates additional holes. 

Similarly, C70 generates additional electrons. Thus, these extra charge carriers get added with 

the carriers generated in acceptor and donor layers and help in conduction within the device. 

Consequently, a huge amount of photocurrent is observed in the device, as depicted in Fig. 6.3 

(c). The maximum values of photocurrent generated is 174.5 nA. 

6.4 HEART RATE MONITORING USING MODIFIED OLED AND OPD 

The present section explores the utilization of OLED (H1) and OPD (H2) devices for monitoring 

heart rate and investigates the present methodology for persons with varying traits. The entire 

research is a step towards flexible heart rate sensor. The green OLED is selected for this 

application as skin has a high coefficient of absorption for this wavelength and a better contrast 

signal is received [264]. The effectiveness of using green emission is also illustrated by multiple 

researchers in their work, as shown in Table 6.3, which highlights that the green wavelength is 

prevalent across all these works. 

Table 6.3. Comparison of existing work with the proposed work for heart rate detection in terms of wavelength  

Ref. OLED 

Color 

Wavelength 

(nm) 

Sample Detection 

[265] Green 527 Blood cells Heart Rate 

[255] Green 532 Blood cells Heart Rate 

[258] Green 530 Blood cells Heart Rate 

[259] Green 530 Blood cells Heart Rate 

Prop. Green 497 Blood cells Heart Rate 

 

The detection is achieved when a target light beam of 497 nm from the OLED falls on the 

human blood tissue. Depending upon the blood flow, a part of this light is absorbed, whereas 

the rest is reflected back. This reflected light is detected by the OPD and a corresponding current 

is produced. During the systole, amount of blood in the vessels is high, therefore, a higher 

amount of light is absorbed. On the other hand, for the diastole cycle, the blood flow is low and 

a higher amount of light is reflected. Accordingly, the current is produced by the OPD.  
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If the heart rate is high, then frequent systole cycles lead to less amount of light to be reflected, 

thereby, the current produced by the OPD is low. On the contrary, during the normal heart rate, 

systole cycles are more balanced and good amount of light gets reflected which prompts the 

OPD to produce a higher amount of current during lower heart rate. Thereby, it can be concluded 

that a high current is achieved when lower blood volume flows in the tissue. Contrary to this, a 

lower current is achieved during high blood flow in the tissue (Table 6.4).  

Table 6.4. Methodology for heart rate detection based on dedicated OLED wavelength values for excitation and 

corresponding current values generated by the OPD 

 

 

 

 

 

 

Fig. 6.4 Current values of OPD (H2) at different wavelengths 

The current values generated by OPD at different wavelength are shown in Fig 6.4 which 

implies that at different wavelengths, OPD produces different current values. However, in the 

above methodology, it is observed that the variation in current is because of the intensity of the 

light and not due to the variation in wavelength. The same thing is highlighted in Table 6.4. 

Therefore, analysis is conducted to investigate the performance of the organic photodiode at 

different light intensities having same wavelength. Herein, it is shown that the proposed photo 

diode (H2) is capable of producing the different current values at different light intensities.  

The voltage at the anode of the OLED is varied from 0 – 5 V in a step size of 0.5 V which 

results in varying values of luminescence output from the device. These ten voltage levels 

provide ten different light beams (L1-L10) as shown in Table 6.5. When these light beams fall 

on the blood tissue, some of this light is absorbed by the blood and the rest is reflected. The 

different reflected light beams are represented by (B1-B10) also have varying intensities. These 

are detected by the OPD.                                  
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Table 6.5. Luminescence values of OLED (H1) at different voltages (0-5 V) 

Voltage (V) Luminescence (cd/m2) 

0.5 L1= 124.9 

1 L2 = 239.8 

1.5 L3= 388.9 

2 L4= 574.5 

2.5 L5= 795.6 

3 L6 = 1053.1 

3.5 L7=1346.4 

4 L8=1675.5 

4.5 L9=2040.4 

5 L10 = 2440.6 

Table 6.6. Different current values generated by OPD (H2) at different light beams (B1-B10) for heart rate 

monitoring 

Light beams fall on OPD with different 

luminous values at different voltages 

(emission wavelength= 497 nm) 

Currents (nA) obtained at detector 

corresponding to B1-B10 

B1 17.7 

B2 33.5 

B3 47.7 

B4 72.5 

B5 83.3 

B6 110.5 

B7 125.1 

B8 137.7 

B9 143.5 

B10 153.9 

    
                                                   (a)                                                                              (b) 

Fig. 6.5 (a) Current values of OPD at different light beams, and (b) Light intensity at different beams 

 

The light beams falling on the OPD are of the same wavelength, however, their intensity varies. 

The OPD device (H2) is capable of differentiating these beams of different intensity and 

respectively produces different current values at the same wavelength. The current values 
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produced by the OPD for different intensities are summarized in Table 6.6. Additionally, the 

variation in different current values is shown in the bar graph in Fig. 6.5 (a). Further, the 

intensity of each beam is plotted in Fig. 6.5 (b). The figure clearly depicts a variation in the 

intensities of corresponding light beams. Thus, at these different light intensities, OPD is 

capable of generating different current values as shown in the figure which enables accurate 

detection of heart rate even if operating conditions are varying. 

6.5 DETECTION MECHANISM FOR OVARIAN CANCER 

The urine sample can provide a substantial information regarding the health and physiological 

condition of a human. The human urine sample shows a strong interaction with light and alters 

the characteristics of light in accordance with the health conditions of a human being. This 

concept is proposed and validated by a number of researchers. To analyse the different chemical 

component of urine, the first fluorescence emission was studied by Leiner et al. [266]. 

Similarly, Ahmed et al. [267] discussed the use of Infrared spectroscopy to examine the 

presence of urea in human urine. The study depicted a relation between the concertation of urea 

and the absorption spectra of urine. The examination showed that the absorption got improved 

with increment of the urea concentration. 

The biggest advantage of using the light dependent analysis is its non-invasive nature. The 

methodology is successfully used for detecting even fatal diseases: cancer and heart stroke. 

Following light based detection, Masilamani et al. [268] demonstrated a non-invasive 

technique to examine various kind of cancers using urine fluorescence properties. Herein, 

cancer in many human organs including cervix, liver, breast, bladder was investigated. 

Similarly, Zavarik et al. [269] proposed a fluorescence-based methodology for the detection of 

ovarian cancer. They showed that if a light beam of 330-370 nm wavelength is used to excite 

the urine sample, it is possible to detect ovarian cancer. The patient of ovarian cancer shows 

the presence of pteridines in high amount as compared to a normal person which leads to the 

fluorescence emission wavelength as 440 nm for the ovarian cancer patient. Whereas, for a 

normal person this emission value is recorded as 420 nm. 

Table 6.7. Comparison of the proposed work with other researchers’ work in terms of excitation and detection 

wavelength for ovarian cancer detection 

Ref. Excitation 

Wavelength (nm) 

Detection 

Wavelength (nm) 

Sample Disease  

[229] 330 440 Urine Ovarian Cancer 

[269] 300-400 420 Urine Ovarian Cancer 

[270] 280 400 Urine Ovarian Cancer 

Proposed 350 440 Urine Ovarian Cancer 
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Furthermore, based on the methodology of Zavarik, Negi et al. [229] proposed the detection of 

ovarian cancer using OLED device only. In their work, similar wavelengths were used for the 

emission. However, the light detection was also proposed by using the OLED device. The light 

wavelength used in these research work along with the proposed work is summarized in Table 

6.7. The table highlights that the detection wavelength in all these cases lies in the region of 

green color. 

 

Fig. 6.6 Ovarian cancer detection methodology 

Thus, in the proposed work, the excitation wavelength for the sample is selected as 350 nm. 

The OLED device is modified such that the desired wavelength is achieved. Similarly for the 

detection purpose, OPD device should be capable of detecting the emission by green OLED. 

Since, the OPD modified in the previous section is capable for detection of this wavelength, 

therefore, same OPD (H2) is utilized for this application as well. The complete methodology 

for the detection of ovarian cancer used in the present work is highlighted in Fig. 6.6. Herein, 

the OLED excites the urine sample with the light beam of 350 nm. This beam emits the urine 

sample and corresponding fluorescence is observed. If the person is suffering from ovarian 

cancer, then due to the presence of pteridine, the emission is in 440 nm range which is detected 

by the OPD and corresponding current is generated. 

6.6 OLED MODIFICATION IN TERMS OF MATERIALS FOR OVARIAN 

CANCER DETECTION 

The previous section highlights that the excitation wavelength for the detection of ovarian 

cancer is near to 350 nm. Therefore, in this section, the proposed OLED device is modified to 

achieve this emission wavelength. The device is modified with respect to the materials used 

for CGLs and emission layer. The CGL layers are composed of m-MTDATA and Alq3 materials 

for charge generation. Whereas, QAD is chosen for the emission layer owing to its superior 

green color emission. The present OLED device is named as O1 and it can produce the light 
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output in 300-400 nm range which is the required excitation wavelength for the detection of 

ovarian cancer. The structure of the device (O1) is shown in Fig. 6.7 (a) and Table 6.8 provides 

the dimensions of different layers used in the device. The simulated structure of the device is 

shown in Fig. 6.7 (b). 

 

                                                                                              (a) 

 

        (b) 

Fig. 6.7 (a) Modified structure of OLED Device (O1), and (b) Simulated structure of modified OLED device 

(O1) for ovarian cancer detection 

As discussed in Chapter 4, the use of CGLs outside the emission layer enhances the charge 

carrier concentration within the device which leads to an enhanced recombination rate, leading 

to higher luminescence and current density. Once the OLED excites the urine sample, the 

fluorescence emission takes place and the emitted light needs to be detected. The wavelength 

of the emitted light is in the range of 400-500 nm. The OPD device (H2) analysed in the 

previous section can detect this wavelength and produces relative current.                                        
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Table 6.8. Materials and thickness for OLED (O1) 

Layer Material and dimensions for 

Modified Proposed Device (O1) 

Material Thickness (nm) 

Cathode 1 Al 150 

Cathode LiF 1 

ETL BPhen 30 

CGL (Electron generator) Alq3 20 

EML QAD  20 

CGL (Hole generator) m-MTDATA 20 

 HTL2 NPB 60 

HTL1 PEDOT:PSS 90 

Anode ITO 20 

 

Fig. 6.8 Parametric analysis of OLED (O1) in terms of current density and luminescence 

The characteristics of the modified OLED (O1) is analysed and are shown in Fig. 6.8. The graph 

illustrates both the current as well as luminescence characteristics. The maximum observed 

current density is 37.02 mA/cm2. Additionally, the luminescence for the device is observed as 

3638 cd/m2.  

6.7 OVARIAN CANCER DETECTION USING MODIFIED DEVICES 

OLED O1 AND OPD H2 

The detection of ovarian cancer is achieved when a light beam from OLED O1 falls on the urine 

sample and its fluorescence emission is analysed through the OPD H2. The excitation 

wavelength from O1 is 350 nm. Once this beam falls on the urine sample, the various 

components present in it causes a fluorescence emission which is different from the excitation 

wavelength. With respect to the present input wavelength, the emission wavelength for a 

healthy person is 420 nm. However, for an ovarian cancer patient, due to the presence of 
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pteridine, the emission is observed at 440 nm. Device H2 produces two different current values 

31.2 nA and 47 nA with respect to 420 nm and 440 nm wavelengths and thus two wavelengths 

are clearly differentiable. 

If the current achieved is 31.2 nA, it corresponds to 420 nm wavelength and it can be inferred 

that the person is healthy. However, if the output of the OPD is 47 nA, corresponding to 440 

nm, the person is declared suffering from ovarian cancer. These results are mentioned in the 

Table 6.9. However, it is to be noted that in a practical scenario, situation can vary with respect 

to the device operating voltages and the urine sample which varies from person to person.  

Table 6.9. Technique for ovarian cancer detection using OLED and OPD 

Excitation 

Wavelength (nm) 

Peak Fluorescence 

Emission (nm) 

Current corresponding to 

Fluorescence Emission (nA) 

Result 

350 420 31.2 Woman is healthy 

350 440 47 Ovarian Cancer is detected  

The device O1 produces the required wavelength of 350 nm which is a material related 

parameter. However, depending on different scenarios, the luminescence of the device can vary. 

The color and density of the urine sample vary from person to person, which can impact the 

luminescence intensity of the output light. Therefore, a possibility is analysed wherein the 

present device combination can detect ovarian cancer under different attributes and conditions. 

Herein, ten different light beams of varying luminescence output (L11-L20) from the OLED are 

considered corresponding to different operating voltages as shown in Table 6.10. The emission 

wavelength for all these ten beams will be same. When these beams fall on urine sample, the 

emission will be either in 420 nm or 440 nm range depending on whether sample is of a healthy 

person or an ovarian cancer patient. Now, since the input luminescence is different with same 

wavelength, therefore, output current generated by the device H2 will vary.  

Table 6.10. Luminescence values of OLED (O1) at various voltage from 0-5 V 

Voltage (V) Luminescence (cd/m2) 

0.5 L11=54.2 

1 L12 =103.9 

1.5 L13=168.9 

2 L14= 250 

2.5 L15=346 

3 L16 =458 

3.5 L17=586 

4 L18=729.1 

4.5 L19=886.9 

5 L20 =1058.2 
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Table 6.11. Current variations in OPD at different light beams 

Light beams fall on OPD with different 

luminous values at different voltages 

(emission wavelength=350 nm) 

Currents (nA) obtained at detector 

corresponding to B1-B10 

Wavelength of 

detection=440 nm 

Wavelength of non-

detection = 420 nm 

B11 5.2 2.9 

B12 6.3 3.7 

B13 7.5 5.2 

B14 8.0 6.8 

B15 8.9 7.2 

B16 10.2 8.9 

B17 13.2 9.8 

B18 15.6 10.7 

B19 21.2 12.8 

B20 23.1 14.9 

 

Fig. 6.9 Different Current values generated by OPD at different light beams  

Table 6.11 shows the current values corresponding to the different light beams. The emission 

corresponding to these different beams at 420 nm and 440 nm results in different current values 

as depicted in the table. Thus, it can be inferred that if different people are analysed with 

different attributes, the OPD device can still detect whether the emission is at 420 nm and 440 

nm even at different luminescence values.  

Figure 6.9 shows the comparison of current values obtained at wavelengths 440 nm and 420 

nm for different fluorescence beams B11-B20. It is observed that the current values for all 

luminescence values are higher for 440 nm. Additionally, the current values obtained at these 

two different wavelengths are sufficiently far and can be easily differentiated. Thus, the 

proposed methodology is comparable with the real time implementation where urine samples 
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may differ for multiple persons even if it does not have any cancer component. In that case, the 

excitation wavelength will be altered as per the discussed technique but the current values 

corresponding to the wavelengths 440 nm and 420 nm may easily differentiated. Thereby, it 

can be concluded that the presented methodology is suitable for various persons for the ovarian 

cancer detection. 

6.8 SUMMARY OF THE RESULTS 

The present work is focused on utilization of the organic devices, namely OLED and OPD for 

measuring the heart rate and detection of ovarian cancer. It is depicted that using the proposed 

architecture of CGL based OLED and OPD devices heart rate monitoring is achieved. Herein 

OLED (H1) and OPD (H2) devices are designed that can emit and detect the green color light 

(497 nm wavelength), respectively. Additionally, it is evident that the methodology for the 

measuring heart rate is possible for people with varying traits. Thereafter, novel methodology 

for detection of ovarian cancer is also illustrated. Herein, OLED and OPD devices are used for 

the first time to realize the proposed mechanism. The emission from the OLED (O1) is in the 

range of 350 nm whereas for the detection, urine sample alters the wavelength in the range of 

420-440 nm which can be successfully detected by the OPD. Thus, the work shows that the 

integration of the OLED and OPD devices can be used successfully for a range of biomedical 

applications. The important results pertaining to the present chapter are highlighted below. 

• This work showcases the methodologies for heart rate monitoring and ovarian cancer 

detection using CGL based OLED and OPD devices.  

• For heart rate monitoring, a green OLED (H1) is opted for the light source which emits 

the light with wavelength of 497 nm. Herein, the current density and luminescence are 

obtained as 0.92 A and 8363.6 cd/m2, respectively. 

• The organic photo-diode is modified with respect to the requirements for heart rate 

detection and it produces a peak photocurrent and dark current of 10.2 and 174.5 nA, 

respectively.  

• The methodology of heart rate detection depicts that during the diastole, a higher 

current is produced by the OPD as blood cell absorbs less green light. However, a lesser 

current is witnessed in the case of systole due to less absorption of the green light by 

presented blood cells in the blood vessels. 

• In both the proposed OLED and OPD, an additonal layer of CGL is incorporated to 

obtain the significant improvement in the device performances. The utilized novel 
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OLED exhibits the luminescence and current density as 3636.38 cd/m2 and 37.02 

mA/cm2, respectively. While, the OPD registers 10.2 nA and 174.5 nA as the dark and 

photo current, respectively. 

• Furthermore, a detection methodology for ovarian cancer using combined arrangement 

of OLED and OPD is presented. The OLED is developed to emit a light of 350 nm 

wavelength and falls on the urine sample. Afterwards, the property of light is altered by 

the component (pteridine associated with ovarian cancer patient) presents inside the 

sample and thus the OPD may receive the light of two different wavelengths: 420 and 

440 nm depending upon the condition of person.  

• Thus, the OPD produces two different photo currents 31.2 nA and 47 nA corresponding 

to 420 nm and 440 nm wavelengths, respectively. These current values are easily 

distinguishable and thus a clear differentiation for a healthy or suffering person can be 

achieved. 

This chapter shows the heart rate monitoring and detection of ovarian cancer using OLED 

and OPD devices. The OLED and OPD devices are modified in terms of materials to 

achieve specific application, i.e. green OLED and OPD for heart rate monitoring and blue 

OLED and OPD for ovarian cancer detection. Such differentiation highlights an important 

aspect that must be addressed from the perspective of OLED design and functionality. Blue 

OLED emitter materials need focus as their development is still lagging. Blue emitter 

materials degrade rapidly and often depict lower performance. Thus, it is needed to develop 

blue emitters with an improved performance. Novel methodologies such as insertion of 

phosphorescent materials and activated delayer fluorescence methodologies can be given 

due consideration which will enhance the development of displays and other applications 

as well wherein RGB emission is important. 

 

 

 

 

 

 

 



141 
 

CHAPTER - 7 

CONCLUSIONS AND FUTURE SCOPE 

The present research work is focused on the design and analysis of different organic electronic 

devices: OTFT, OLED and OPD based on structural modifications and suitable material 

combinations for different layers. These proposed devices are further utilized to detect Covid-

19 virus and cancer. Also, these devices showcased their potential use in heart rate monitoring. 

This chapter summarizes the important results of the proposed work. Conjointly, it also 

presents some specific directions for future research work. 

7.1 CONCLUSIONS 

The present work is focused on investigating the utilization of organic optoelectronic devices: 

OLED and OPD for biomedical applications with the OTFT as a driving element. All the three 

devices are composed of organic polymeric materials that results in portable, low cost and 

flexible devices. Additionally, the optoelectronic devices have structured with a prospect of 

fabricating these devices on a single substrate. Each of the three mentioned devices are 

analysed with respect to their respective structure and its impact on their corresponding 

performance. Novel structure for each device is proposed with an aim of enhancing the 

performance of these devices. 

Organic thin film transistor is explored first. The analysis of planar structure of OTFT 

illustrated satisfactory performance, however, it is observed that a shorter channel can enhance 

the device performance. Subsequently, a vertical channel based TFT with novel ditch structure 

(D5) is designed and compared with the planar transistor (D1) of same materials. Additionally, 

three other vertical channel devices (D2-D4) are analysed keeping the same materials and 

dimensions as the planar device. A performance improvement is observed for vertical device 

with respect to threshold voltage and drain current. 

The proposed device (D5) exhibited threshold voltage of -1.5 V, with the high current value of 

528 µA, and the saturation mobility of 80.8 cm2/Vs. The current and mobility values are higher 

by 2.5 times than the basic vertical device D2. Additionally, in comparison to other vertical 

OTFT devices analysed in the work, the improvement in current values is 6.4, 4.4, 44 and 3.59 

times with respect to devices D3, D4, D6 and D7. Similarly, a high saturation mobility is 

achieved for device D5 which is higher by 2.67, 8.32, 5.21, 73.45 and 3.60 times in comparison 

to D2, D3, D4, D6 and D7.  
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An internal device analysis is undertaken to understand the facts associated with the device 

performance improvement. Higher energies are observed for the conduction and valance band 

in device D5 in comparison to other devices. The results depict that the proposed device has a 

better gate control over the channel as compared to the device D2. Due to this better gate 

control, a higher accumulation of holes is seen in the gate region. Additionally, the value of 

charge carrier changes rapidly depicting enhanced extraction of the charge carriers. The 

presence of ditch structure led to the formation of broader channel that improved the current 

conduction. A high current density of 1451 A/cm2 is observed in the device. The proposed 

device D5 illustrates an improvement of 44 times in drain current and 24 times in saturation 

mobility than that of planar TFT. 

The main goal of the research is to explore the utilization of organic LED and photodiode for 

biomedical application. Therefore, OLED device is analysed next. The OLED’s performance 

is very sensitive to the structural modifications as highlighted by several researchers. Through 

the literature review, it is inferred that by using the traditional layers, device performance 

enhancement is not possible up to great extent. Therefore, the work analysed the utilization of 

CGLs and impact of their performance on the device performance. After analyzing different 

OLED devices (L1-L5) with and without the CGLs, a novel device structure is proposed (L6). 

The proposed device exhibited high luminescence and current values of 3636.3 cd/cm2 and 

0.44 A, respectively. The luminescence is improved by 16.8, 2.3, 1.7, 3 and 1.6 times as 

compared to L1, L2, L3, L4 and L5, respectively. Also, the internal device analysis utilizing both 

vertical and horizontal cutlines is undertaken to understand the facts for the performance 

enhancement. Internal device parameters: hole/electron concentration, recombination rate of 

charge carriers, electron affinity, conduction current rate, band energies, hole QFL, acceptor 

trap ionized density, net doping and hole/electron mobility are analysed.  

The results of internal analysis show that the presence of CGLs enhances the charge carrier 

concentration within the device. These charge carriers are responsible for enhancement for 

luminescence and current density. Additionally, these CGLs are well aligned with the adjacent 

layers which supports the carrier injection from the electrodes as well. Thus, device L6 depicts 

the best performance. The internal analysis illustrates a higher electron and hole concentration 

within the emission layer in the device. Therefore, as per the Langevin’s theory for the low 

mobility semiconductors, the recombination will be higher if the probability of charge carriers 

finding each other is higher. This probability is significantly increased due to higher carrier 

concentration, consequently resulting in higher recombination rate and thereby a higher 
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luminescence. Since the entire research work is focused on amalgamation of OLED and OPD 

for the biomedical application, therefore, OPD device is analysed with similar structure as of 

the OLED, i.e. utilizing the CGLs. The CGL layer based OPD structure (P2) is designed and 

positional analysis is undertaken to better understand the device behaviour. 

The results highlight that the proposed OPD P2 illustrates an improved photocurrent which is 

higher by 34 times as compared to reference device P1. On comparing with other OPD devices 

incorporating CGLs at different positions (P3, P4 and P5), the proposed device depicts 1.6, 1.4 

and 9 times better output current, respectively. Here as well, an internal device analysis is 

conducted for reasoning out the results observed for P2. Herein, various important parameters: 

electron/hole concentration, electron current density, potential, conduction/valence band 

energy and electron QFL are analysed and compared.  

The result of internal analysis highlights that a higher charge carrier concetration is observed 

for proposed device P2 due to the presence of CGL. This observation shows that the exciton 

interact not only with the active layer but with the CGLs as well. Similarly, the incorporation 

of CGL also results in a better matching of the energy levels which is observed in potential 

distribution, wherein the potential drop is smooth for the proposed device as compared with 

the reference device. Similar observations are made for band energies as well and the 

conduction/valence band energies get decreased in the acceptor and donor layers for P2. 

However, a sharpe bending is observed towards the electrodes for reference device P1. Thus, 

the potential energy for P2 is used for the generation of electron-hole pairs which is contrary to 

P1 wherein potential energy is utilized for overcoming the mismatch of energy levels. Thus, the 

proposed device shows better results in comparison to all other devices.  

The proposed devices are further examined for the biomedical applications. First, combination 

of organic LED and photodiode is utilized for the detection of Covid-19. Saliva sample is 

excited using the OLED at 470 nm wavelength. The detection of SARS-CoV-2 RNA results in 

fluorescence emission at 525 nm, whereas for a normal person the emission is at 490 nm. The 

OPD successfully detects these different wavelengths and produces current values as 63.5 mA 

and 37.2 mA corresponding to Covid patient and for a normal person. The OTFT is used herein 

as the driving element for OLED. Additionally, an analysis is conducted pertaining to 

differentiate the results under varying attributes of saliva sample from different people. Here 

also the proposed methodology is successful in differentiating Covid-19 patients from a healthy 

person. 
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Further, OLED and OPD devices are utilized to monitor the heart rate. Both the devices are 

modified as per the requirements. Herein the OLED emission is required at 497 nm. Therefore, 

using the proposed architecture, materials of layers are changed to achieve this emission using 

SPG-01T polymer and subsequently the modified OLED device is named as H1. Similarly, 

OPD device is also upgraded to detect the emission wavelength and named as H2. Here, OPD 

is required to detect reflected green light from the blood vessels. Thus, OPD here detects the 

variation in intensity of the reflected light and not the change in wavelength. The analysis 

depicts that the OPD can successfully undertake this task. For a higher blood flow representing 

higher number of beats, less amount of light is reflected and thus lower current is generated by 

the OPD. However, the OPD generates a high current for lower heart beat as more light is 

reflected. This simple methodology is successfully implemented by combination of these two 

devices.  

Finally, the combination of these organic devices is also used for the detection of Ovarian 

cancer. This detection is made possible by using fluorescence emission-based methodology. If 

the urine sample is excited with a light of 350 nm wavelength and the reflected light shows 

emission at 440 nm, then the observation directs towards ovarian cancer patient. However, this 

reflected light shows emission at 420 nm for a healthy person. OPD produces different current 

for these wavelengths resulting in successful detection. The current values corresponding to 

these wavelengths are 47 mA and 31.2 mA, respectively. Additionally, it is shown that same 

methodology is possible for varying patient wherein their urine sample varies in characteristics. 

To conclude, it is shown that the organic devices: LED, photodiode and transistor can be 

successfully used for a range of biomedical applications which will open the dimensions in the 

field of sensors and result in low-cost portable devices. Additionally, these organic material-

based devices will greatly improve the performance of these portable bio-medical diagnose 

system.  

7.2 FUTURE SCOPE 

The present research depicts the performance analysis and structural modification to achieve 

improved OLED, OPD and OTFT device and their further realization in biomedical 

applications. This work addresses some aspects related to flexible electronic devices and builds 

an approach to cater some performance limitations.  However, there are multiple aspects related 

to these devices that still need attention for further enhancing the performance of these devices 

to enable their realization in more diversified practical applications.  
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The future scope of OTFTs lies in attaining lower threshold voltage, higher charge carrier 

mobility, and improved operational stability. The vertical channel structure has significantly 

improved the device performance and it is understood that device structure and selection of 

materials are the prime attributes. Therefore, a further focus can be towards making dual gate 

vertical channel-based transistors. In the proposed work, it is observed that vertical channel 

leads to high conduction due to effective vertical electric field component. Therefore, some 

novel structures are needed, where the carrier transportation starts within the thickness of active 

layer means the channel formation is vertical. It also provides a solution to achieve a small 

channel length device. So, in future, such structures where electrodes are elevated can be a 

solution to augment the performance of OTFTs.  

In addition to this, the cylindrical structure also leads to achieve small channel length devices. 

These structures are feasible from fabrication point of view, however got less attention. Some 

hybrid structure featuring the benefits of vertical and cylindrical structure may create some 

horizons for high performance OTFTs. Moreover, the future prospect can be towards the 

development and optimization of OSC materials with high carrier mobility, environmental 

stability and compatibility with respect to novel architectures. Fabrication techniques can be 

focused on minimizing the contact resistance which arises due to poor electrodes-OSC 

interface. Biopolymeric materials can also be explored in the aspect of enhancing the device 

performance.  

Mobility is the biggest barrier in the case of the OTFT. Higher mobility allows faster switching 

and enhanced circuit performance. The mobility is generally limited by disorders, traps, and 

poor molecular packing. Therefore, there is a need to develop new OSCs with reduced traps. 

Innovative methodologies including defect healing can also be used to ameliorate mobility and 

reduce trap density. 

In the proposed work, it is observed that addition of layer with proper material is a worthwhile 

approach to achieve good luminescence and current density for the OLED device. Thus, the 

performance of OLED can be improved by structural redesigning. The incorporation of CGL 

witnessed surprisingly an augmented performance. Further, the use of mixed interlayer and 

graded emissive layer can be explored to improve the charge balance and more efficient 

recombination which may lead to brighter and more stable devices. The OPDs are very 

promising for flexible imaging, optical communication, and health monitoring. Redesigning of 

structures using electron/hole blocking layers can be focused to decrease the dark current and 
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improve the charge collection efficiency. Optimizing interfacial layers can further minimize 

the trap states and boost the performance.  

The primary challenge is to boost the luminescence efficiency, operational lifetime, and 

maintaining mechanical stability under bending or stretching conditions. Although OLEDs are 

already widely used in flexible displays, but further optimization is required to enhance color 

stability, and reduce power consumption. Additionally, a significant potential lies in the 

systematic optimization of CGL materials and their interface properties to ensure efficient 

charge separation and transport. Advancements in low-temperature and solution-based 

fabrication techniques such as spin coating, inkjet printing, and roll-to-roll processing can 

facilitate cost-effective and large-area device fabrication.  

All these organic devices should be developed for application specific purposes. The materials 

used in these layers can be developed keeping in mind the specificity and importance of the 

applications. The biomedical applications require specific color output from the OLED. Thus, 

focusing on the light output, materials should be developed to achieve specific color with high 

luminescence. Specific color limitations should be taken into consideration with special focus 

needed for blue color emitters which are most challenging. These emitter materials degrade 

much faster and depicts lower efficiency. For these materials, chemical bonds degrade much 

quickly over time and causes chemical instability. Therefore, novel material designing 

methodologies and other stabilizing techniques need to be explored. Some techniques such as 

insertion of thin phosphorescent materials have shown some improvement with respect to 

enhancing the device operation lifetime.  

In the case of OPD, the dark current is of great importance. It can alter detectivity of OPD, 

which is very important for biomedical applications. The design of the OPD itself is the primary 

consideration for reducing the dark current. In the present work, CGL were utilized, similarly 

cathode interlayers have shown promising results by reducing dark current and improving the 

charge transfer. Therefore, future work can be focused on improving the device structures. 

Additionally, materials used in these layers can play a major role. Thus, material development 

with lower trap states and fabrication methodologies with the focus on reducing the interface 

disorders should be given more attention. Organic devices are made of carbon-based 

compounds that are naturally degradable. Further, these devices should investigate the 

utilization of biopolymers as a way towards fully biodegradable nature friendly devices. 

Research should focus on using biopolymers in electronic devices and improve their 

performance. This may lead to low-cost environmentally friendly devices. 
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Abstract 

This article presents a review on various aspect of Organic LED, such as its working, various 

categorization, impact of fabrication methodologies (organic vapor phase deposition, vacuum 

thermal evaporation, inkjet printing etc.) that are low-cost and its applications in serval domains 

like medical, sensor, display, lighting etc. Three categorizations of OLED are discussed with 

respect to circuit, architecture, and color of emission. Different layers of multi-layered 

structures such as injection layer, transport layer, block layers are also reviewed and their 

impacts are analyzed and compared. Moreover, an experimental fabrication technique for 

flexible substrate is reviewed that highlights low-cost fabrication method. In this technique, 

dynamic viscosity and contact angle are measured using rotational viscometer and contact 

angle meter, respectively. The result illustrates sheet resistance and effective opening ratio of 

3.8 ohms per square and 82.5%, correspondingly. Additionally, various performance 

parameters like luminescence, external quantum efficiency and current efficiency are 

compared. The paper also incorporates recent advancement in organic thin film transistors 

along with some OTFT driven OLED devices. 

1. Introduction 

Organic light emitting diode (OLED) is a modern display technology which is made from 

organic thin films of light emissive materials. It has become successfully commercialized 

device in mobile and television display. This technology comes up with unparalleled image 

quality, flexible [1,2] and transparent display, large area fabrication [3], low power 

consumption [4], low-cost designs etc. The parameters like luminescence, current density and 

methodologies such as transport and block layers play important role for improving the 

performance of OLED. This paper provides a review on these parameters. Organic LEDs are 
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Abstract 

In this paper, a high performance blue organic light emitting diode having a charge generation 

layer (CGL) is proposed and compared with the other five CGL and non-CGL based devices. 

The utilized CGL layer in the different structure consists of two materials; HAT-CN 

(hexaazatriphenylene-hexacarbonitrile) and TAPC (1,1-bis[(di-4-

tolyamino)phenyl)]cyclohexane ,) for electrons and holes generation, correspondingly. In the 

proposed novel structure, the CGL layer is incorporated outside of the emissive layer (EML) 

which significantly enhances the device performance in terms of current and luminescence. 

The device exhibits luminescence and current values as 3636.3 cd/m2 and 0.44 A, respectively. 

Furthermore, this paper represents in-depth internal analysis of the six devices (D1-D6). This 

analysis is provided by drawing horizontal and vertical cutlines inside the devices. The 

proposed device is analysed and compared with other mentioned devices in terms of several 

parameters such as Langevin recombination rate, electron concentration, hole concentration, 

band energy, total current density, electron affinity, hole QFL (quasi-Fermi level), conduction 

current density, potential distribution and electron/hole mobility. In comparison with D1, D2, 

D3, D4 and D5, the current of the proposed device (D6) is about 16.9, 2.2, 1.7, 3 and 1.6 times 

improved, correspondingly. Moreover, structural analysis is also included to understand the 

performance of the devices more precisely.  
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Abstract: In the field of sensor applications, conventional LEDs and photodiode are 

vital devices. Their combination provides precise point-of-care diagnostic for various 

applications such as cancer detection, PPG sensor, corona virus detection etc. However, 

conventional inorganic LEDs and photodiodes are not capable of producing flexible 

and more compact arrangements. To overcome this, organic devices such as OLED, 

OPD and OTFT etc. are gaining attention in order to produce ultra-thin and flexible 

devices in the field of bio-marker based detection applications. This work proposed 

such organic LED and photodiode using charge generation layer to design an ovarian 

cancer detection device. The presented OLED generates the current density and 

luminescence values as 37.02 mA/cm2 and 3636.38 cd/m2, correspondingly. Addition 

to this, the novel OPD provides dark current and photo current of 10.2 and 174.5 nA, 

subsequently. The novel OLED emits the target light beam of 350nm which falls on the 

urine sample. Thereafter, the altered light beam is sensed by the proposed photodiode 

and produces output current. In this work, two current values are produced 

corresponding to the two light beams of 420nm and 440nm to decide whether the person 

is diagnosed with ovarian cancer or not.  

Keywords- Organic Light Emitting Diode (OLED), Organic Photo-Diode 

(OPD), Charge Generation Layer (CGL), Luminescence, Ovarian Cancer, Bio-

Sensor 
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