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ABSTRACT 

Organic electrochemical transistors are flexible in design with characteristics such as miniaturization, biocompati-

bility and amplification and are one of the rapidly developing research topics in recent years. As an excellent flexible 

material, fiber has unparalleled advantages in weaving and compatibility with the human body. Combining fibers with 

organic electrochemical transistors is a promising research direction that has the high sensitivity of organic electro-

chemical transistor testing and the human body compatibility and flexibility of wearable electronic products. This paper 

introduces the relevant operating principles, working modes and commonly used channel materials of organic electro-

chemical transistors. Based on the basic device structure of organic electrochemical transistors, the development and 

changes of organic electrochemical transistors in recent years are discussed, and the research results of fiber-based elec-

trochemical transistors by researchers focusing on the application of fiber-based organic electrochemical transistors in 

chemical sensing, bio-sensing and other application explorations are summarized. Finally, this paper visioned the future 

development trend of fiber-based organic electrochemical transistors. 
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1. Introduction

Organic thin-film transistors are the core 

components of organic electronics, and their com-

prehensive properties are comparable to those of 

commercial amorphous silicon products. At the 

same time, the advantages of low cost and high 

function have shown broad development prospects 

and industrialization value[1].Organic electrochemi-

cal transistors (OECTs) are a kind of organic 

thin-film transistors, which were invented by White 

et al.[2] Organic electrochemical transistors have the 

advantages of flexible design, low operating voltage, 

and good biocompatibility. They also have dual 

functions of sensing and amplification and can be 

widely used in light sensing[3], artificial skin[4], en-

vironmental monitoring[5], food safety testing[6], 

drug release[7] and medical diagnosis[8].In previous 

studies, most of the reports on OECTs are based on 

planar structures, and there are few studies on flexi-

ble OECTs, so OECTs are often unable to adapt to 

complex curved environments in practical tests, and 

the application is limited. Fiber-based organic elec-

trochemical transistors are a major emerging re-
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search direction in recent years. Fiber is a common 

material in daily production. It is closely related to 

people’s lives and is also a popular material in sci-

entific research. It has the advantages of lightweight, 

good flexibility, able to be weaved, and low cost. 

Many studies have been carried out to use it as a 

substrate to prepare electronic materials and devices. 

Fiber-based organic electrochemical transistors cre-

atively combine the sensitivity of OECTs with the 

flexibility and weavability of fibers that can adapt to 

complex test environments while effectively testing, 

and have a wider range of applications such as 

wearable sensors. The broad development prospects 

have been acknowledged by the majority of scien-

tific research workers. This paper discusses the 

working principle, mode and materials of OECTs 

device channel and briefly introduces the develop-

ment of OECTs technology focusing on the recent 

development of fiber-based organic electrochemical 

transistors and their applications in biological and 

chemical sensing. The application of fiber-based 

electrochemical transistors and the future develop-

ment direction of fiber-based electrochemical tran-

sistors are also reviewed. 

2. The working principle, mode and

material of OECTs 

2.1. The working principle of OECTs 

OECTs consist of an organic semiconductor 

channel in contact with the electrolyte and three 

electrodes, where the channel is between the source 

and the drain. The channel is covered by an elec-

trolyte and the gate is an external electrode im-

mersed in the electrolyte. The source and drain are in 

contact with the organic semiconductor film and 

define a channel for holes or electrons to flow from 

the source to the drain. It works as follows: The 

source is grounded, and a constant voltage bias on 

the drain drives a current through the semiconductor 

channel between the source and drain. This channel 

current is defined as the output current of OECTs, 

which is modulated by the input voltage on the gate 

electrode. This modulation is caused by the interac-

tion between electrons and ionic carriers. Charge 

carriers (holes) carry channel currents in OECTs. On 

the other hand, ionic charge carriers provide 

charge balance for holes, thereby regulating the 

concentration of holes and thus the electron con-

ductivity of the transistor channel. OECTs rely on 

the implantation of ions from an electrolyte into an 

organic thin film, thereby changing its doping state 

and thus its conductivity, controlled by the voltages 

applied to the gate (gate voltage, VG) and drain 

(drain voltage, VD). The VG controls the ion im-

plantation channel and thus the doping state (i.e. 

redox state) of the organic film. The VD induces a 

current (drain current, ID), which is proportional to 

the amount of mobile holes or electrons in the 

channel, and this mechanism probes the doping state 

of organic thin films. Similar to organic thin-film 

transistors, OECTs work like switches, where the 

VG (input) controls the ID (output). They can also be 

thought of as amplifiers, where the power of the 

input signal is amplified on the way to the output. 

In contrast to the thin interfacial regions in 

field-effect transistors, the distinguishing feature of 

OECTs is that doping changes occur over the entire 

volume of the channel. Therefore, for low VGs, large 

modulation of the ID can be achieved, which makes 

OECTs efficient switches and powerful amplifiers[9]. 

At the same time, the use of electrolytes instead of 

metal oxide semiconductor dielectrics greatly en-

hances the flexibility of OECTs in terms of device 

architecture and integration with various substrates. 

The inherent tunability of organic conducting pol-

ymers can also improve ion and electron transport 

and the convenience of bio-functionalization. Due to 

these characteristics, OECTs are widely used in re-

search, including neural interfaces[10], chemical 

and biosensors[11], printed circuits[12] and neuro-

morphic devices[13]. In addition to the advantages of 

organic thin-film transistors, OECTs also have the 

characteristics of simple structure, low operating 

voltage, and the ability to work in a solution envi-

ronment. First, OECTs can work in an aqueous me-

dium, and their low operating voltage can effectively 

prevent hydrolysis. Second, OECTs gate electrode 

and channel can be prepared separately, and the bi-

ochemical sensor can be prepared by special treat-
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ment of OECTs gate electrode. OECTs can be suc-

cessfully used in biochemical detection[14] such as 

lactate[15], glucose[16], dopamine[17], DNA[18], 

ions[19], bacteria[20] and antigens[21]. 

2.2. The working mode of OECTs and their 

channel materials 

The working mode of OECTs depends on the 

doping level of the conjugated polymer in the orig-

inal state, and its working modes are divided into 

depletion mode and accumulation mode. In deple-

tion mode transistors, the current between the source 

and drain gradually decreases as the VG increases. 

For transistors operating in accumulation mode, the 

VG increases in correlation with the gradual increase 

of current between the source and the drain. Its 

working curve is shown in Figure 1[22]. In depletion 

mode, the conjugated polymer of OECTs is in the 

doped form in the pristine state and the device is 

turned on at zero gate bias. Applying positive 

gate bias results in the injection of cations or the 

expulsion of anions from the conjugated polymer 

network and shuts down the device. Most of the 

OECTs developed so far work in depletion 

mode because they are already present in the doped 

form when they are fabricated. The polyelectrolyte 

dissolves in the solvent and can ionize out ions that 

act as counterions to the positively charged formed 

in the backbone of the conjugated polymer upon 

doping. Therefore, the pristine conjugated poly-

mer/polyelectrolyte exhibits high conductivity at 

zero gate bias. Taking the most common PE-

DOT—PSS as an example, when a positive gate bias 

is applied, the PEDOT is reduced to a neutral 

(non-conducting) state according to the following 

half-reaction PEDOT: 

PEDOT : PSS+M++e- ⇌ PEDOT+M : PSS 

In the equation above, e- is the electron, M+ is 

the positively charged ion from the electrolyte. In 

accumulation mode OECTs, the conjugated polymer 

is in the de-doped semiconducting state in its origi-

nal form, and the device is turned off at zero 

gate bias. Applying a negative gate bias causes the 

injection of anions from the active layer (or the ex-

pulsion of cations from the active layer), which turns 

the device on. Commonly used materials in OECTs 

channel are shown in Figure 2[22]—Semiconductor 

conjugated polymers, conjugated polymer compo-

site materials and conjugated polyelectrolytes. 

 

 
Figure 1. The working principle of organic thin-film transistors. 
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Figure 2. Common materials for the channel of organic electrochemical transistors.

Most of the organic semiconductors used in 

OECTs show p-type characteristics in air, such as 

PPy, PANI, PEDOT:PSS, etc. Therefore, most of the 

research on OECTs done so far worked with the 

depletion mode. The channel materials required for 

transistors operating in accumulation modes, such as 

BBL and P3HT, are difficult and expensive to pre-

pare. Hence, there are not many studies on this as-

pect. 

3. Development of OECTs 

3.1. Development of OECTs device structure 

The basic structure of OECTs is shown in 

Figure 1(a). It is mainly composed of three elec-

trodes: Gate, source and drain, as well as a channel 

and electrolyte. The electrolyte is separated, and the 

electrolyte covers the three electrodes, thus consti-

tuting a basic OECTs device. The use of an electro-

lyte as the gate dielectric allows great flexibility in 

the design of OECTs in terms of the placement of the 

gate electrode relative to the channel. In addition, the 

“long channel” effect can also be addressed. In or-

ganic thin-film transistors (OTFTs), charges are 

transported along accumulated holes or electron 

sheets and reside at the semiconductor-gate dielec-

tric interface. In long channels, this often results in 

very low currents, limiting the ability to use the 

OTFT as a power-hungry driver. On the contrary, in 

OECTs, the entire volume contributes to charge 

transport, therefore, higher currents can be delivered 

for the same given channel length. At the same time, 

OECTs can be flexibly designed concerning the gate, 

electrolyte, channel size and relative position. In 

addition, different deposition and patterning tech-

niques on a variety of substrates including flexible 

and stretchable substrates can be applied, paving the 

way for a host of new device architectures and form 

factors. 

Bartlett et al.[23] reported on the electrochemical 

transistors fabricated by printing technology. Car-

bon-based source and drain electrodes and dielec-

trics were screen-printed on polyvinyl chloride sub-

strates. The obtained devices had a channel length 

and width of 20 μm and 4.5 mm, respectively and 

were used as a microelectrochemical enzymatic 

transistor for glucose and peroxide sensing. Mean-

while, Rani et al.[24] reported on OECTs with 1MKCl 
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electrolyte, thick paper as carrier and polycarbazole 

as channel material with a channel length of 0.5 mm 

and studied the effect of device electrode spacing on 

the transfer performance of OECTs. This study pro-

vided a good idea for the electrode design of sub-

sequent OECTs. 

In the early 1990s, 

poly-3,4-ethylenedioxythiophene (PEDOT) was 

used as electronic inks and conductive coatings for 

various conductive, electronic, and electrochemical 

applications[25,26]. PEDOT shows good redox stabil-

ity and high electronic conductivity when combined 

with the dopant sodium poly (p-styrene sulfonate) 

(PSS) and can be incorporated into OECTs structures 

using printing techniques, where PEDOT:PSS 

can be used both as an active channel as well as an 

electrode for the gate, drain and source electrodes. 

As such, PEDOT: PSS has become the most com-

mon material for the preparation of OECTs. 

Anderson et al.[27] used PEDOT:PSS to fabri-

cate channel materials on coated paper by printing 

technology and combined the prepared OECTs with 

vertical electrochromic display units to form the 

main smart pixel and display. Wan et al.[28] used a 3D 

porous sponge of PEDOT:PSS to prepare OECTs as 

a sensing scaffold. Paper and plastic films as ex-

tremely widely used flexible materials with their use 

as substrates to prepare OECTs have attracted great 

attention from scientists. Several standard and mod-

ified printing techniques have been explored to 

produce OECTs devices and circuits using these 

techniques such as screen printing[29] and inkjet 

printing[30], of which both are commonly used for the 

preparation of planar flexible OECTs. The ad-

vantages of these methods are low cost, simple and 

flexible design. The preparation of OECTs based on 

these two technologies can design different circuit 

structures on their substrates. Hütter et al.[31] devel-

oped full-screen printed OECTs logic circuits on a 

polyethylene terephthalate (PET) substrate by screen 

printing. Textiles are also good carriers for OECTs 

and the preparation of OECTs based on textile fab-

rics has potential applications in the field of weara-

ble electronics. For example, PEDOT-based tran-

sistors have been fabricated on Gore-Tex as gas 

sensors on “breathable” substrates, and have al-

so been screen-printed on common fabrics such as 

woven cotton and Lycra for wearable sensors that 

were used for biological fluid sensing such as sweat, 

saliva, and urine[33]. In addition, PEDOT:PSS com-

bined with nano-fibrillated cellulose (NFC) was also 

investigated as a coating around the fibers. This 

combination provides a scalable technology for both 

stand-alone and large-scale OECTs integration sys-

tems such as the reconfigurable OECTs tagging 

platform[34]. 

3.2. Device structure of fiber-based organic 

electrochemical transistors 

With the development of medical technology, 

real-time monitoring is becoming increasingly im-

portant for modern medicine and patient health. The 

OECTs device structure has also begun to be stud-

ied by various research groups. A review published 

in 2018 briefly summarizes the different device 

structures of OECTs (Figure 3)[35]. Compared with 

rigid planes, the flexibility and practicality of 

wearable devices and biosensors based on flexible 

OECTs have improved greatly, which makes re-

al-time monitoring possible. 

 
Figure 3. Different device structures of OECTs. 

Fiber weaving technology, which has a history 

of thousands of years, provides a superior platform 

for the device development of OECTs. Integrating 

electronic functions within fabrics is an important 

approach to improve textile performance and extend 

functionality. 
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Fiber-based organic electrochemical transistors 

(FECTs) are a kind of smart material that has de-

veloped rapidly in recent years. Its advantage is that 

it can directly integrate electronic functions into 

ordinary fiber materials and achieve the design of 

integrated circuits on textile materials through 

weaving methods. The structure is simple to prepare 

and easy to weave into flexible fabrics. Fiber-based 

organic electrochemical transistors (FECTs) not only 

have the advantages of ordinary OECTs of low op-

erating voltage, able to work in aqueous environ-

ments, good biocompatibility, high sensitivity, low 

production cost and simple preparation process, but 

also have the advantages of similar flexibil-

ity, bendability and weaving as fiber materials. 

Therefore, it can be applied to the fields of health 

care, biological intelligence monitoring and weara-

ble sensing devices to effectively test human bi-

omarkers[14]. Compared with other flexible platforms, 

textile fibers provide OECTs with superior flexibility, 

material diversity, and simple processability, ena-

bling the efficient development of various designs. 

Due to the flexibility of fibers, the preparation 

method of fiber-based electrochemical transistors is 

very flexible where fibers are often used as carriers 

with conductive polymers attached to them. The 

methods of attaching conductive polymers include 

dip coating, in situpolymerisation, electrodeposition, 

and gas-phase polymerisation[36]. In addition, the 

gate preparation of OECTs is independent and the 

way of assembling and designing FECT devices is 

also very flexible and simple. The two most common 

assembly methods include the use of fiber coated 

with conductive polymer as the channel material as 

the source and drain, and the conductive fiber is used 

as the gate. The two fibers are separated by an elec-

trolyte to form a cross (as shown in Figure 4)[37]. In 

another way, two fibers are placed in parallel at a 

certain interval[38], and the electrolyte is then 

dropped in the middle to coat the two fibers to pre-

pare the OECTs. In addition to these two ways, there 

are many assembly ways to be explored.

 
Figure 4. Two typical device structures of fiber-based organic electrochemical transistors. 

4. Development process and appli-

cation of fiber-based organic elec-

trochemical transistors 

In recent years, many researchers have begun to 

focus on the study of fiber-based organic electro-

chemical transistors. Since Hamediet al.[37] first re-

ported fiber-based organic electrochemical transis-

tors in 2008; many research groups have 

successively published relevant literature. Cotton, 
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nylon and other fibers have been used as carriers to 

prepare various FECTs for different applications. In 

particular, in-depth research has been carried out on 

sensors based on FECTs. The sensing applica-

tions based on FECTs can be roughly divided into 

chemical sensing and biological sensing. This paper 

will introduce recent research on FECTs in these two 

fields. In addition, other researchers have explored 

and studied other properties and applications of 

FECTs, which will be briefly introduced below. 

4.1. Application of fiber-based organic elec-

trochemical transistors in ion sensing 

Tarabellaet al.[38] used cotton fibers to func-

tionalized cotton fibers by simply soaking them in a 

poly (3,4-ethylenedioxythiophene) (poly styrene 

sulfonate) (PEDOT:PSS) conductive polymer and 

directly used as channels for organic electrochemical 

transistors (OECTs) in contact with liquid electro-

lytes and silver wire gates (Figure 5). The prepared 

OECTs show stable and reproducible current mod-

ulation and demonstrate a very efficient electro-

chemical detection of sodium chloride concentration 

in water, which is simple and low-cost and has great 

potential in the development of wearable electronics 

in fitness and healthcare. 

 
 

Figure 5. Optical photos and device assembly of FECTs devices.

Wang et al.[39] from Wuhan Textile University 

first prepared a fiber-based organic electrochemical 

transistor using polypyrrole and nanofiber materials 

in 2016, as shown in Figure 6. The FECTs exhibit 

excellent electrical performance with an on/off ratio 

as high as 100 and an operating voltage below 2 V. 

At the same time, the ion sensing behavior of FECTs 

was studied. The results showed that with the in-

crease of cation concentration, the transfer curve of 

FECTs shifted to low gate voltage and the sensitivity 

reached 446 μA/dec in the range of 10-5 to 10-2 M 

lead ion concentration.  

The ion-selective properties of FECTs were 

also systematically investigated (Figure 7) for the 

detection of potassium, calcium, aluminium, and 

lead ions. Devices with different cations show large 

differences in the response curves. Compared with 

other cations, transistor sensors are more suitable for 

selectively monitoring lead ions and are very effi-

cient for lead ion electrochemical sensing, opening a 

path for wearable electronics in healthcare and bio-

logical applications. 
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Figure 6. Assembly of nylon-based FECTs. 

 
Figure 7. Sensing performance of FECTs sensor. 

Copped et al.[40] studied organic electrochemi-

cal transistors as electronic textile biosensors and 

fully integrated PEDOT:PSS on a single cotton yarn 

as a channel material. Figure 8 demonstrates the two 

different transistors that were fabricated using silver 

(Ag) and platinum (Pt) wires as gate materials, re-

spectively.  

 

 

 
Figure 8. Assembly and sensing mechanism of cotton fi-

ber-based OECTs. 
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The difference between the fabricated sensors 

is in the use of different gate electrode materials to 

detect saline and epinephrine concentrations in hu-

man sweat, respectively. Measurements performed 

in real-time detection mode confirmed the complete 

independence of epinephrine detection from sodium 

chloride, thus guaranteeing specific monitoring of 

epinephrine. The oxidation of epinephrine at dif-

ferent electrodes was studied by absorption spec-

troscopy. The findings confirm that the oxidation 

reaction driven by the Pt electrode results in the 

accelerated formation of adrenochrome, whereas for 

the Ag electrode, the oxidation is similar to the 

spontaneous oxidation that occurs in the air. This 

research opens up new avenues for healthcare, fit-

ness and job security. 

Kim et al.[41] from Korea reported conductive 

polymer microfiber organic electrochemical tran-

sistors (OECTs) and their application in sin-

gle-strand fiber-based wearable ion concentration 

sensors. As shown in Figure 9, they used a simple 

wet spinning process using aqueous sulfuric acid as a 

coagulation bath to form PEDOT:PSS microfibers 

with excellent electrical conductivity and examined 

their electrical/electrochemical properties thereby 

achieving the fabrication of combined substrateless 

PEDOT:PSS microfiber OECTs devices. The novel 

characterization method presented in this study 

demonstrates that the current rate of change can be a 

reliable method for evaluating device performance 

as well as detecting ion concentration, regardless of 

actual channel dimensions. Finally, by introducing a 

source-gate hybrid electrode, single-strand fi-

ber-type skin-mountable OECTs were developed 

and the resulting microfiber sensor was demon-

strated to perform real-time repeated measurements 

of ion concentrations in human sweat. 

 
Figure 9. Spinning procedure and coagulation mechanism of PEDOT: PSS microfibers in a sulfuric acid environment. 

4.2. Application of fiber-based organic elec-

trochemical transistors in biosensing 

In 2017, Wang et al.[42] used in situpolymerisa-

tion method to induce the generation of PPy nan-

owires on nylon fibers with reduced graphene oxide 

and prepared a new type of woven fiber organic 

electrochemical transistor (Figure 10). The experi-

mental results showed that the introduction of rGO 

nanosheets can induce the growth of PPynanowires 

and increase their ratio. Moreover, it can enhance the 

conduction and electrical properties of the transistor. 

The fabricated transistors have a high on/off ratio, 

fast response time and long cycle stability. A glucose 

sensor based on fiber organic electrochemical tran-

sistors has also been studied, which has excellent 
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sensitivity, a fast response time of 0.5 s, a linear 

range of 1 nM to 5 μM, low limit detection concen-

tration and good repeatability. 

 
Figure 10. Schematic illustration of the glucose sensor of the fibrous organic electrochemical transistor. 

In 2018, the research group[43] simultaneously 

fabricated another kind of fiber-based organic elec-

trochemical transistors (FECTs), providing a new 

platform for achieving ultrafast and ultrasensi-

tive biosensors. As shown in Figure 11, they 

pre-treated nylon fibers with PVA-co-PE nanofibers 

(NFs) to induce polypyrrole (PPy) nanofiber net-

work on the fibers. 

 
Figure 11. Fabrication and assembly of a wearable dopamine sensor based on FECTs. 

The experimental results showed that the in-

troduction of NFs significantly increased the specific 

surface area and hydrophilicity of nylon filaments, 

resulting in the formation of a large-area interwoven 

PPy nanofiber network. The PPy nanofiber network 

improved the electrical properties of the fibers and 
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their electrical conductivity significantly. The device 

on/off ratio is as high as 100 with switching 

time between on and off states was as low as 0.34 s 

and exhibited good cycling stability. In addition, 

they also investigated the performance of 

FECTs-based dopamine sensors relying on different 

gate electrodes. The results showed that the fi-

ber-based conductive polymer composite gate had 

the highest sensitivity while the device is highly 

selective and has excellent reproducibility in the 

presence of sodium chloride, uric acid, ascorbic acid, 

and glucose interferences. Moreover, it can also be 

woven into fabric products (Figure 12), which has 

strong application potential in wearable electronic 

sensors. 

 
Figure 12. Practical weaving and wear of FECTs. 

Yan Feng’s research group[44] from the Hong 

Kong Polytechnic University used nylon monofil-

ament dip-coat PEDOT:PSS as a channel material 

and deposited metal on the fibers as electrodes using 

magnetron sputtering. They also used the same 

method to deposit another nylon monofilament as a 

grid electrode and modified the electrode with en-

zymes and polyaniline. The two fibers were assem-

bled in parallel into a transistor and its performance 

was tested (Figure 13). 

 

 

 

Figure 13. Schematic diagram of sensing mechanism and 

sensing performance of FECTs-based sensor. 

Finally, the device was stitched on a diaper and 

monitored remotely in real-time with a mobile phone 
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application, The highlight of their work was that by 

coating conductive polymers and metals with fiber 

coating, they studied the effect of the coating mate-

rial on the mechanical properties of the fiber while 

investigating the degree of change in the electrical 

properties caused by the bending of the fiber before 

weaving. The studied fiber was then further inte-

grated with a fabric-based wearable biosensor for the 

detection of human secretions, which paved the way 

for wearable devices and flexible electronics. 

4.3. Other application exploration of fi-

ber-based organic electrochemical transis-

tors 

Owyeunget al.[45] fabricated two different fi-

ber-based electrochemical transistors using a gel 

composed of silica nanoparticles and 1-ethyl 

3-methylimidazolium bis (trifluoromethyl sulfonyl) 

imide (EMI TFSI) ionic liquid as an electrolyte with 

assembled carbon nanotubes (CNTs) and 

poly3-hexylthiophene (P3HT) on a linen line as 

semiconductor channel materials as shown in Fig-

ure 14. 

 

 

Figure 14. Schematic of a fiber-based integrated transistor 

system. 

The thread-based electrochemical sensor (TBE) 

is interconnected, and a multi-channel diagnostic 

device based on a full thread was designed. Mlleret 

al.[46] reported a new method to demonstrate that a 

continuous film of conductive poly 

(3,4-ethylenedioxythiophene) can be coated on a 

textile monofilament with a diameter of 10–100 μm, 

and the monofilament can be coated with a contin-

uous film of poly(3,4-ethylenedioxythiophene) for 

the preparation of microscale WECT on a single 

fiber. They also demonstrated inverters and multi-

plexers for digital logic. This paves the way for 3D 

polymer microelectronics to design large-scale cir-

cuits and integrate them directly into the 3D struc-

ture of woven fibers (Figure 15).  
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Figure 15. Stress-strain curves of silk conductive fibers and the 

actual weaving of the FECTs. 

Zhang et al.[47] coated the conductive polymer 

PEDOT on nylon fiber monofilaments by gas-phase 

polymerization and demonstrated that fiber-based 

electrochemical transistors can be embroidered on 

fabrics for wearable and implantable bioelectronics 

devices. 

Electrochemical transistors with fixed, mi-

cron-sized channel lengths were fabricated in par-

allel structures on hydrophobically treated silk fab-

rics with a high on/off ratio of 1,000, zero gate 

voltage and low applied drain bias (The transcon-

ductance value at 0.7 V) at 100 μS. Under these 

conditions, the device can then be incorporated into 

low-power integrated circuits. This demonstrates 

that large-area arrays of transistors can be rapidly 

generated by stitching monofilament fiber channels 

directly onto fabric substrates (Figure 16) and that a 

simple embroidery method can be used to fabricate 

spatially resolved electrodes for electrophysiology 

applications array. 

 

 
Figure 16. Construction of transistor arrays and performance 

testing on silk fabrics. 

Tao et al.[48] used a new geometric pattern to 

fabricate OECTs by twisting PEDOT:PSS-coated 

monofilaments together, making it easier for tran-

sistors to be inserted into textile fabrics to enable 

mass production. Transistors can be up to several 



Research progress of fiber-based organic electrochemical transistors 

80 

centimeters in length with an on/off ratio over 100 

and a switching time that is close to 15 s. The in-

verter circuit and NOR gate control circuit were 

developed through a wire electrochemical transistor 

(WECT). An amplifier was also fabricated using a 

transistor to demonstrate the feasibility of an 

all-textile electronic circuit. 

5. Conclusions 

In short, fiber-based organic electrochemical 

transistors have been studied by a large number of 

researchers recently with accomplishments 

achieved by many research groups. The advantage of 

fiber-based organic electrochemical transistors is 

that they can combine high-sensitivity testing with 

wearable functions which is a very promising re-

search topic. However, the research of fiber-based 

organic electrochemical transistors also faces some 

challenges. For example, most of the electrolytes 

used in FECTs are gel or water-based electrolytes 

and multiple difficulties are often encountered in 

practical tests, such as the uniformity of the sample 

preparation, the volatilization of the electrolyte, etc. 

In addition, the tests conducted using fiber-based 

electrochemical transistors are generally poorly re-

peatable and usually contain large data errors. 

Moreover, most of the fiber-based electrochemical 

transistors use p-type semiconductors and operate in 

the depletion mode and a few FECTs were found to 

operate in the accumulation mode. At the same time, 

in terms of applications based on FECTs, it can be 

seen that most of the research is mainly based on 

chemical or biological sensing and there is a lack of 

in-depth research on transistor mechanism as well as 

device structure-related exploration. The research 

direction is relatively narrow and it is not deep and 

detailed enough. Therefore, the future development 

direction of fiber-based electrochemical transistors 

may be the following: a) Study the operation 

mechanism of fiber-based transistors; b) solve the 

packaging problem of devices; c) study the rela-

tionship between structure and performance to im-

prove the performance of flexible devices; d) re-

search and explore the combination of n-type 

semiconductors and fibers as well as FECTs working 

in accumulation mode; e) explore more about the 

application of FECTs and conduct in-depth research. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Lu C, Ji Z, Xu G, et al. Progress in flexible organic 

thin-film transistors and integrated circuits. Science 

Bulletin 2016; 61(14): 1081–1096. doi: 

10.1007/s11434-016-1115-x. 

2. White HS, Kittlesen GP, Wrighton MS. Chemical 

derivatization of an array of three gold microelec-

trodes with polypyrrole: Fabrication of a molecu-

lar-based transistor. Journal of the American Chem-

ical Society 1984; 106(18): 5375–5377.  

3. Yan Y, Wu X, Chen Q, et al. High-performance 

low-voltage flexible photo detector arrays based on 

all-solid-state organic electrochemical transistors for 

photo sensing and imaging. ACS Applied Materials 

& Interfaces 2019; 11(22): 20211–20224.  

4. Someya T. Building bionic skin. IEEE Spectrum 

2013; 50(9): 50–56. 

5. Nilsson D, Kugler T, Svensson PO, et al. An 

all-organic sensor-transistor based on a novel elec-

trochemical transducer concept printed electro-

chemical sensors on paper. Sensors and Actuators B: 

Chemical 2002; 86(2–3): 193–197. 

6. Contat-Rodrigo L, Perez-Fuster C, Lidn-Roger JV, et 

al. Screen printed organic electrochemical transis-

tors for the detection of ascorbic acid in food. Or-

ganic Electronics 2017; 45: 89–96. 

7. Verna A, Pirri F, Cocuzza M. A transistor based 

sensing platform and a microfluidic chip for a scaled 

up simulation of controlled drug release. Turin: Tu-

rin University of Technology 2014. 

8. Liao C, Mak C, Zhang M, et al. Flexible organic 

electrochemical transistors for highly selective en-

zyme biosensors and used for saliva testing. Ad-

vanced Materials 2015; 27(4): 676–681. 

9. Khodagholy D, Rivnay J, Sessolo M, et al. High 

transconductance organic electrochemical transis-

tors. Nature Communications 2013; 4: 2133. 

10. Khodagholy D, Doublet T, Quilichini P, et al. In vivo 

recordings of brain activity using organic transistors. 

Nature Communications 2013; 4: 1575. 

11. Khodagholy D, Curto VF, Fraser KJ, et al. Organic 

electrochemical transistor incorporating an ionogel 

as a solid state electrolyte for lactate sensing. Journal 

of Materials Chemistry 2012; 22(10): 4440–4443. 

12. Nilsson D, Robinson N, Berggeren M, et al. Elec-

trochemical logic circuits. Advanced Materials 2005; 

17(3): 353–358. 

13. Gkoupidenis P, Schaefer N, Garlan B, et al. Neu-

romorphic functions in PEDOT: PSS organic elec-



Wang, et al. 

81 

trochemical transistors. Advanced Materials 2015; 

27(44): 7176–7180. 

14. Qing X. The preparation of fiber based organic 

electrochemical transistors and its application 

in biosensor [Master’s thesis]. Wuhan: Wuhan Tex-

tile University; 2017. 

15. Currano LJ, Sage FC, Hagedon M, et al. Wearable 

sensor system for detection of lactate in sweat. Sci-

entific Reports 2018; 8(1): 15890. 

16. Liao C, Zhang M, Niu L, et al. Highly selective and 

sensitive glucose sensors based on organic electro-

chemical transistors with graphene-modified gate 

electrodes. Journal of Materials Chemistry B 2013; 

1(31): 3820–3829. 

17. Veerakumar P, Madhu R, CHEN SM, et al. Porous 

carbon modified electrodes as highly selective and 

sensitive sensors for detection of dopamine. Analyst 

2014; 139(19): 4994–5000. 

18. Ghanbari K, Bathaie S, Mousavi M. Electrochemi-

cally fabricated polypyrrole nanofiber modified 

electrode as a new electrochemical DNA biosensor. 

Biosensor and Bioelectronics 2008; 23(12): 

1825–1831. 

19. Dabke R, Singh G, Dhanabalan A, et al. An ion 

activated molecular electronic device. Analytical 

Chemistry 1997; 69(4): 724–727. 

20. He R, Zhang M, Tan F, et al. Detection of bacteria 

with organic electrochemical transistors. Journal of 

Materials Chemistry 2012; 22(41): 22072–22076. 

21. Wang J. Studies on the carcinoembryonic antigen, 

guanine and phenols sensors based on organic elec-

trochemical transistors [Master’s thesis]. Changsha: 

Hunan Normal University; 2015. 

22. Zeglio E, Ingan SO. Active materials for organic 

electrochemical transistors. Advanced Materials 

2018; 30(44): 1800941. 

23. Bartlett P, Birkin P. A microelectrochemical enzyme 

transistor responsive to glucose. Analytical Chem-

istry 1994; 66(9): 1552–1559. 

24. Rani V, Santhanam K. Polycarbazole based elec-

trochemical transistor. Journal of Solid State Elec-

trochemistry 1998; 2(2): 99–101. 

25. Groenendaal L, Jonas F, Freitag D, et al. Poly 

(3,4-ethylenedioxythiophene) and its derivatives: 

Past, present and future. Advanced Materials 2000; 

12(7): 481–494. 

26. Pei Q, Zuccarello G, Ahlskog M, et al. Electro-

chromic and highly stable poly (3, 

4-ethylenedioxythiophene) switches between 

opaque blue-black and transparent sky blue. Poly-

mer 1994; 35(7): 1347–1351. 

27. Andersson P, Nilsson D, Svensson PO, et al. Active 

matrix display based on all organic electrochemical 

smart pixels printed on paper. Advanced Materials 

2002; 14(20): 1460–1464. 

28. Wan AMD, Inal S, William T, et al. 3D conducting 

polymer platforms for electrical control of protein 

conformation and cellular functions. Journal of 

Materials Chemistry B 2015; 3(25): 5040–5048. 

29. Tehrani P, Robinson ND, Kugler T, et al. Patterning 

polythiophene films using electrochemical over ox-

idation. Smart Materials and Structures 2005; 14(4): 

N21. 

30. Mannerbro R, Ranl FM, Robinson N, et al. Inkjet 

printed electrochemical organic electronics. Syn-

thetic Metals 2008; 158(13): 556–560. 

31. Hütter PC, Rothlander T, Scheipl G, et al. All 

screen-printed logic gates based on organic elec-

trochemical transistors. IEEE Transactions on Elec-

tron Devices 2015; 62(12): 4231–4236. 

32. Kolodziejczky B, Winther-Jensen O, Pereira BA, et 

al. Patterning of conducting layers on breathable 

substrates using laser engraving for gas sensors. 

Journal of Applied Polymer Science 2015; 132(35): 

42359–42368. 

33. Gualandi I, Marzocchi M, Achill A, et al. Textile 

organic electrochemical transistors as a platform for 

wearable biosensors. Scientific Reports 2016; 6: 

33637. 

34. Kawahara J, Ersman PA, Wang X, et al. Reconfigu-

rable sticker label electronics manufactured from 

nanofibrillated cellulose-based self-adhesive organic 

electronic materials. Organic Electronics 2013; 

14(11): 3061–3069. 

35. Rivnay J, Inal S, Salleo A, et al. Organic electro-

chemical transistors. Nature Reviews Materials 2018; 

3: 17086. 

36. Allison L, Hoxie S, Andrew TL, et al. Towards 

seamlessly integrated textile electronics: Methods to 

coat fabrics and fibers with conducting polymers for 

electronic applications. Chemical Communications 

2017; 53(53): 7182–7193. 

37. Hamedi M, Forchheimer R, Ingan SO. Towards 

woven logic from organic electronic fibers. Nature 

Materials 2007; 6(5): 357–362. 

38. Tarabella G, Villani M, Calestani D, et al. A single 

cotton fiber organic electrochemical transistor for 

liquid electrolyte saline sensing. Journal of Materials 

Chemistry 2012; 22(45): 23830–23834. 

39. Wang Y, Zhou Z, Qing X, et al. Ion sensors based on 

novel fiber organic electrochemical transistors for 

lead ion detection. Analytical and Bioanalytical 

Chemistry 2016; 408(21): 5779–5787. 

40. Copped N, Tarabella G, Villani M, et al. Human 

stress monitoring through an organic cotton fi-

ber biosensor. Journal of Materials Chemistry B 

2014; 2(34): 5620–5626. 

41. Kim Y, Lim T, Kim CH, et al. Organic electro-

chemical transistor-based channel dimension inde-

pendent single-strand wearable sweat sensors. NPG 

Asia Materials 2018; 10(11): 1086–1095. 

42. Wang Y, Qing X, Zhou Q, et al. The woven fiber 

organic electrochemical transistors based on 

polypyrrole nanowires/reduced graphene oxide 

composites for glucose sensing. Biosensors and Bi-

oelectronics 2017; 95: 138–145. 

43. Qing X, Wang Y, Zhang Y, et al. Wearable fi-

ber-based organic electrochemical transistors as a 



Research progress of fiber-based organic electrochemical transistors 

82 

platform for highly sensitive dopamine monitoring. 

ACS Applied Materials & Interfaces 2019; 11(14): 

13105–13113. 

44. Yang A, Li Y, Yang C, et al. Fabric organic electro-

chemical transistors for biosensors. Advanced Ma-

terials 2018; 30(23): 1800051. 

45. Owyeung RE, Terse-Thakoor T, Rezaei Nejad H, et 

al. Highly flexible transistor threads for 

all-thread based integrated circuits and multiplexed 

diagnostics. ACS Applied Materials & Interfaces 

2019; 11(34): 31096–31104. 

46. Mller C, Hamedi M, Karlsson R, et al. Woven elec-

trochemical transistors on silk fibers. Advanced 

Materials 2011; 23(7): 898–901. 

47. Zhang L, Andrew T. Vapor-coated monofilament 

fibers for embroidered electrochemical transistor 

arrays on fabrics. Advanced Electronic Materials 

2018; 4(9): 1800271. 

48. Tao X, Koncar V, Dufour C, et al. Geometry pattern 

for the wire organic electrochemical textile transistor. 

Journal of the Electrochemical Society 2011; 158(5): 

H572–H577.

 


