
SKIT Research Journal                   Vol 14; ISSUE 2:2024            ISSN: 2278-2508(P) 2454-9673(O) 

 

35 

A Review Paper on Progress of Thin Film 

Transistors (TFTs) and Their Technologies 

for Flexible Electronics 
Neeraj Jain, Vikas Pathak 

 Department of Electronics and Communication, Swami Keshvanand Institute of Technology, Management 

and Gramothan, Jaipur 302017 (India) 

Email: neeraj.jain@skit.ac.in, vikas.pathak@skit.ac.in 

Received 14.11.2024 received in revised form 17.12.2024, accepted 27.12.2024 

DOI: 10.47904/IJSKIT.14.2.2024.35-39 

 
Abstract- The rapid evolution of Thin Film Transistor 

(TFT) technologies has led to their adoption in flexible 

electronics, revolutionizing modern applications such 

as foldable displays, wearable sensors, and flexible 

photovoltaic systems. TFTs, which primarily utilize 

semiconductor materials in the form of thin films, 

have transformed from rigid substrates to flexible 

platforms, enabling unprecedented flexibility, 

mechanical robustness, and lightweight designs. This 

review discusses the progression of TFT technologies, 

focusing on material innovations, manufacturing 

techniques, and applications in flexible electronics. 

Emerging trends such as organic, oxide-based, and 

carbon-based TFTs are also analyzed to highlight 

future advancements. 
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1. INTRODUCTION 

 

Thin Film Transistors (TFTs) are essential 

components in modern electronic devices, 

especially in display technologies such as liquid 

crystal displays (LCDs) and organic light-emitting 

diode (OLED) displays. Traditionally, these 

transistors were fabricated on rigid glass substrates, 

limiting their use in applications where flexibility 

and lightweight designs are crucial. With the rise of 

flexible electronics, there has been a growing 

interest in developing TFTs that can function on 

flexible substrates like plastic, metal foils, and even 

paper. These innovations have led to the emergence 

of flexible displays, wearable sensors, and foldable 

devices [1, 6]. 

The development of flexible TFTs is largely 

driven by advancements in materials and 

manufacturing techniques. Organic TFTs (OTFTs), 

oxide TFTs (such as those based on indium gallium 

zinc oxide, IGZO), and carbon-based materials like 

carbon nanotubes (CNTs) and graphene have all 

played significant roles in enhancing the mechanical 

flexibility and performance of these devices. 

Additionally, new fabrication methods, including 

printing and roll-to-roll processing, have facilitated 

large-scale, cost-effective production of flexible 

electronics [2, 11, 14]. 

This review provides an overview of the key 

materials and processes used in the development of 

flexible TFTs. It also explores the major 

applications, such as foldable displays and wearable 

electronics, while addressing the challenges and 

future prospects of this rapidly evolving technology. 

 

2.TFT MATERIALS FOR FLEXIBLE 

ELECTRONICS 

 

2.1 Organic Semiconductors 

Organic TFTs (OTFTs) have been extensively 

explored for flexible electronics due to their low-

temperature processability, flexibility, and the 

ability to be manufactured on large-area substrates. 

The active layer of OTFTs is composed of organic 

semiconductor materials, typically small molecules 

or polymers, that offer mechanical pliability. 

Popular organic semiconductors include pentacene, 

thiophene derivatives, and polymeric 

semiconductors like poly(3-hexylthiophene) (P3HT) 

[3, 4]. 

 

 

Figure 1: Schematic of Flexible Thin Film Transistor 

 

Key advantages of OTFTs include: 

• Solution-based fabrication techniques such as 

inkjet printing, which allows for low-cost, 

large-area production. 

• Flexibility and compatibility with lightweight 

plastic substrates. 

Despite these advantages, OTFTs face challenges in 

terms of lower charge carrier mobility and 

environmental instability compared to their 
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inorganic counterparts. However, recent advances in 

molecular design and encapsulation techniques have 

improved the performance and stability of OTFTs, 

making them promising candidates for wearable and 

flexible electronics. 
 

 
Figure 2: TFT Materials for Flexible Electronics 

Table 1: Comparison of different TFT Materials with respect to 

Stability, Band Gap, Water Resistance, Mechanical Flexibility 

TFT Type Stability 

Ban

d 

Gap 

(eV) 

Water 

Resistanc

e 

Mechanica

l 

Flexibility 

Re

f 

Organic 

TFT 
(OTFT) 

Moderat

e 

1.5 - 

3.0 
Moderate High 3 

IGZO-TFT High 3 Good Moderate 

1 
Amorphou
s Silicon 

TFT 

Moderat
e 

1.7 Poor Rigid 

Carbon 

Nanotube 
TFT  

(CNT-

TFT) 

High 
0.7 - 

1.3 
Good High 6 

Graphene 

TFT 

Very 

High 
~0.6 Excellent High 7 

 

2.2 Oxide-Based Semiconductors 

Oxide TFTs, particularly those based on indium 

gallium zinc oxide (IGZO), have emerged as key 

players in the field of flexible electronics. Oxide 

TFTs offer higher electron mobility compared to  

organic TFTs, allowing for faster switching speeds, 

higher resolution, and more efficient power usage in 

display technologies. 

IGZO TFTs have become prominent in foldable and 

flexible displays due to: 

• High transparency in the visible spectrum, 

making them ideal for transparent electronics. 

• High electron mobility, which enables low-

power operation and improved performance. 

• Excellent thermal stability, making them 

compatible with flexible substrates. 

One of the most promising aspects of oxide-based 

TFTs is their compatibility with plastic substrates, 

as they can be fabricated at relatively low 

temperatures. This enables large-area production for 

applications like e-paper, flexible displays, and 

wearable devices [5]. 

 

2.3 Carbon Nanotube (CNT) and Graphene-Based 

TFTs 

Carbon-based nanomaterials such as carbon 

nanotubes (CNTs) and graphene are at the forefront 

of flexible TFT development due to their 

exceptional electrical, mechanical, and thermal 

properties. CNT-TFTs and graphene-TFTs have 

shown potential for high flexibility while 

maintaining excellent electronic performance. 

Graphene, a single layer of carbon atoms arranged 

in a honeycomb lattice, offers superior electron 

mobility, flexibility, and mechanical strength, 

making it an attractive candidate for next-generation 

TFTs. Key developments include: 

• High-performance graphene-TFTs fabricated 

on flexible substrates for bendable displays and 

sensors. 

• CNT-TFTs with high carrier mobility and 

flexibility, which are promising for stretchable 

electronics. 

Challenges for carbon-based TFTs include scaling 

production techniques and addressing variability in 

device performance, but they represent a promising 

future for high-performance flexible electronics 

[1,8]. 

 

 
Figure 3: Manufacturing Techniques for Flexible TFTs 

 

 

3. MANUFACTURING TECHNIQUES FOR 

FLEXIBLE TFTS 

3.1 Printing Techniques 

Printing techniques such as inkjet printing, screen 

printing, and roll-to-roll processing are at the 

forefront of flexible TFT fabrication due to their 

ability to produce large-area, low-cost electronics. 

These techniques offer scalability, material 

efficiency, and the possibility of mass production. 

• Inkjet printing has been widely used for organic 

TFTs, where semiconductor inks are deposited 

onto flexible substrates. 

• Roll-to-roll processing is particularly 

advantageous for high-throughput 

manufacturing of flexible TFTs on plastic 

substrates. 

These printing methods significantly reduce the cost 

of TFT production, making them ideal for 

applications such as flexible displays, electronic 

skin, and wearable devices [9,10]. 

3.2 Vacuum Deposition 

Vacuum-based deposition techniques, including 

sputtering and chemical vapor deposition (CVD), 
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remain critical for fabricating high-quality oxide 

TFTs on flexible substrates. Although these 

processes are more expensive than printing 

methods, they offer precise control over film 

thickness and composition, which is crucial for 

achieving high-performance TFTs. 

• Sputtering is commonly used for IGZO 

TFTs in flexible display applications. 

• CVD has been instrumental in the 

deposition of high-quality graphene films 

for flexible graphene-TFTs. 

Vacuum-based methods are essential for producing 

high-performance TFTs, particularly in applications 

that demand reliability, such as foldable 

smartphones and flexible photovoltaic systems. 

  
Figure 4: Applications of Flexible TFTs 

Table 2: Comparison of different TFT Materials with respect to Applications, Advantages, Challenges 

 

 

Table 3: Comparison of different TFT type with Electron Mobility, Subthreshold Swing, Threshold voltage, Processing Temperature, 
Flexibility 

TFT Type 

Electron 

Mobility 

(cm²/Vs) 

On/Off 

Ratio 

Subthreshold 

Swing 

(V/decade) 

Threshold 

Voltage (V) 

Processing 

Temperature 

Flexibility 

(Bending 

Radius) 

Ref 

Organic 

TFT 

(OTFT) 

0.1 - 1.5 104 - 106 0.5 - 1.2 V/dec ~ -5 to 5 V <150°C < 1 mm 3 

IGZO-TFT 10-40 107 - 109 0.1 - 0.5 V/dec 0.1 - 1 V ~200°C 1 - 5 mm 

1 
Amorphous 

Silicon 

TFT 

0.1 - 1 105 - 107 0.2 - 0.4 V/dec ~ 1 - 3 V ~300°C Rigid 

Carbon 

Nanotube 

TFT (CNT-
TFT) 

10-50 106 - 107 ~0.2 V/dec -0.5 to 1 V 
Room 

temperature 
< 1 mm 

6 

Graphene 

TFT 
1000+ 106 - 108 ~0.1 V/dec ~0 to 1 V 

Room 

temperature 
< 1 mm 

TFT Type Applications Advantages Challenges Reference 

Organic TFT 
(OTFT) 

Flexible displays, RFID tags, 
sensors 

Low-cost, lightweight, 
flexible 

Lower mobility and stability 
compared to inorganic materials 

3 

IGZO-TFT 
LCDs, OLED displays, high-

resolution screens 

High mobility, excellent 

on/off ratio 

Cost of materials and processing 

complexity 
1 

Amorphous 
Silicon TFT 

Standard displays (LCDs, 
TVs), image sensors 

Established technology, low 
cost 

Limited mobility and flexibility 

Carbon Nanotube 

TFT (CNT-TFT) 

Flexible electronics, wearable 

devices 

High mobility and 

flexibility 

Difficulties in large-scale 

production 
6 

Graphene TFT 
High-speed transistors, 

sensors, flexible displays 
Very high mobility and 

conductivity 
Integration with existing 

technologies 
7 

Poly-Silicon TFT 

(LTPS-TFT) 

Smartphones, tablets, high-

end displays 

High electron mobility, 

energy-efficient 
Expensive fabrication process 17 

Oxide TFT 
Transparent displays, solar 

cells 
Good transparency, high 

performance 
Material degradation over time 18 

Perovskite TFT 
Solar cells, photodetectors, 

flexible electronics 

Low-cost, excellent 

optoelectronic properties 
Stability and reliability issues 19 

Quantum Dot 
TFT (QD-TFT) 

Quantum dot displays, 
advanced sensors 

High brightness, superior 
color accuracy 

High production cost, complexity 20 
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4. APPLICATIONS OF FLEXIBLE TFTS 

 

4.1 Flexible Displays 

The most commercially successful application of 

flexible TFTs has been in foldable and rollable 

displays. These displays use OTFTs, IGZO-TFTs, 

or graphene-TFTs to enable flexible panels in 

devices such as foldable smartphones, e-readers, 

and wearable health monitors.  

The integration of TFTs in flexible displays has 

allowed manufacturers to create lightweight, 

bendable devices that offer portability without 

compromising on display quality. 

 

4.2 Wearable Electronics 

Flexible TFTs are also playing a crucial role in the 

development of wearable electronics, including 

smartwatches, fitness trackers, and electronic skin. 

The mechanical flexibility of OTFTs and graphene-

TFTs makes them ideal for wearable applications 

where the device needs to conform to the human 

body while maintaining functionality [12,13, 17, 18, 

19]. 

 

 

4.3 Flexible Sensors 

Flexible sensors based on TFT technology are 

gaining attention in areas such as healthcare 

monitoring, environmental sensing, and robotics. 

These sensors can be integrated into clothing or 

applied directly to the skin, allowing for continuous 

monitoring of physiological parameters such as 

temperature, heart rate, and hydration levels. 

 

5. FUTURE TRENDS AND CHALLENGES 

 

The future of TFT technology for flexible 

electronics lies in improving the performance of 

TFTs on flexible substrates while maintaining low 

production costs. Ongoing research is focused on 

developing new materials, such as hybrid organic-

inorganic semiconductors, that offer higher 

performance while retaining flexibility [15, 16].  

Key challenges include: 

• Improving the long-term environmental 

stability of flexible TFTs, especially for 

outdoor applications. 

• Scaling up manufacturing processes while 

maintaining high yields and consistency in 

device performance. 

• Developing more efficient encapsulation 

techniques to protect flexible TFTs from 

moisture and mechanical damage. 

 

6. COMPARISON RELATED TO TFT 

DEVELOPMENT AND FLEXIBLE 

ELECTRONICS 

The performance of Thin Film Transistors (TFTs) 

varies significantly based on their material 

composition. Graphene TFTs lead in electron 

mobility, exceeding 1000 cm²/Vs, making them 

suitable for high-speed applications. In contrast, 

OTFTs have lower mobility (0.1-1.5 cm²/Vs), but 

their flexibility and low-temperature processing 

make them ideal for wearable electronics. IGZO-

TFTs offer a strong balance with high mobility (10-

40 cm²/Vs) and excellent on/off ratios (up to 10^9), 

making them popular in display technologies. CNT-

TFTs also show good mobility (10-50 cm²/Vs) and 

flexibility, suitable for flexible displays, while 

Amorphous Silicon TFTs, though rigid, remain 

widely used in traditional displays due to their 

stability and moderate performance. 

 

7. CONCLUSION 

 

Thin Film Transistor technologies have made 

significant strides in enabling flexible electronics, 

with innovations in materials, manufacturing 

techniques, and applications driving the field 

forward. Organic, oxide-based, and carbon-based 

TFTs each offer unique advantages for different 

applications, from foldable displays to wearable 

sensors. As research and development continue, 

flexible TFTs are expected to play an even more 

prominent role in shaping the future of electronics, 

particularly in the realm of wearable and bendable 

devices. 
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