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Abstract

Rapid and simple glucose detection is essential in healthcare, food safety, and environmental monitoring. This paper presents

a flexible organic thin-film transistor glucose sensor using a PDPP2T-TT-OD (DPP-DTT) channel and Parylene C as both the sub-

strate and gate dielectric. DPP-DTT is a high-mobility semiconductor material that enables simple and low-cost fabrication.

Parylene C provides transparency, flexibility, and excellent chemical stability, thereby enhancing the durability of the sensor. The

proposed glucose sensor was designed with a coplanar bottom-gate structure to enable direct contact between the DPP-DTT chan-

nel and the glucose solution. For the detection, the DPP-DTT channel was coated with glucose oxidase enzyme (GOx). Glucose

solutions diluted in phosphate-buffered saline at the concentrations of 0 mM, 10 mM, and 25 mM were analyzed. The drift current

that occurs during measurement and the time required for the sensor to rejuvenate are considered as limitations. Therefore, we per-

formed calibration to improve the accuracy of the sensor. Consequently, the glucose sensors with the channel widths/lengths of

5000/50 (µm/µm) and 5000/75 (µm/µm) showed the sensitivities of 52.8946 nA/mM and 13.0305 nA/mM, respectively. This

study highlighted the potential of a flexible and biocompatible glucose sensor using Parylene C and DPP-DTT. The proposed sen-

sor is suitable for wearable health-monitoring applications.
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1. INTRODUCTION

Electrical biosensing devices have contributed significantly to

genomics, pharmacology, and clinical diagnostics [1,2]. These

biosensors are characterized by their rapid response, high

sensitivity, selectivity, and compact size. Various types of

electrical biosensors have been developed, including electrochemical

electrodes [3], field-effect transistors [4], surface acoustic wave

sensors [5], and capacitors [6]. In this study, we developed a

biosensor using an organic thin-film transistor (OTFT) for rapid

glucose detection. OTFTs fabricated from organic materials are

suitable for biosensing applications owing to their high

flexibility and biocompatibility. PDPP2T-TT-OD (DPP-DTT) is

an organic semiconductor material with high mobility and

simplicity [7,8]. A recent study has investigated DPP-DTT in

transistors, solar cells, and biosensors for detecting Interleukin-

6 using antibodies [9]. In this study, Parylene C was utilized as

the substrate and gate dielectric. Parylene C is well known for its

transparency, flexibility, and excellent chemical stability, which

considerably enhance the durability of the sensor [10]. By

integrating a flexible, biocompatible Parylene C substrate and

gate dielectric with a DPP-DTT-based OTFT, we developed a

sensor with flexible and biocompatible properties [11]. Polymeric

materials, such as poly(3,4-ethylenedioxythiophene)-poly(styrene

sulfonate) (PEDOT:PSS), can switch between various redox

states by changing their potential or pH [12,13]. A PEDOT:

PSS-based glucose sensor demonstrated the reaction between

glucose oxidase and glucose by measuring the change in the

conductivity of a PEDOT:PSS gate electrode [14]. Another

study developed a PEDOT:PSS OTFT biosensor by forming a

PEDOT:PSS-GOx channel, which enabled direct enzymatic

reactions with glucose solutions [15]. This study aimed to

measure the change in the conductivity of the DPP-DTT channel

resulting from the redox reactions of H2O2 produced by the

interaction of glucose oxidase and glucose.
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2. EXPERIMENTAL

2.1 Structure of DPP-DTT Glucose Sensor

The sensor was designed as a coplanar bottom-gate structure,

enabling direct contact between the DPP-DTT channel and the

glucose oxidase enzyme and glucose solution, as shown in Fig. 1 (a).

Fig. 1 (b) and (c) show microscopic images of two types of OTFT

channels fabricated on a silicon wafer, with the width-to-length

ratios (W/L) of 5000/50 (µm/µm) and 5000/75 (µm/µm), respectively.

Fig. 1 (d) illustrates the integration of a polydimethylsiloxane (PDMS)

microfluidic channel with a DPP-DTT channel. If the glucose

solution contacts the channel, source, and drain simultaneously,

the ions in the solution can cause unwanted interference [16,17]. To

prevent interference, the PDMS microfluidic channel was designed to

be narrower than the OTFT channel, as shown in Fig. 1 (e).

Furthermore, the proposed device can serve as a flexible and

biocompatible biosensor by releasing the substrate material,

Parylene C, as shown in Fig. 1 (f).

2.2 Fabrication of Glucose Sensor

A DPP-DTT glucose sensor was fabricated as shown in Fig. 2 (a).

First, a 10-µm-thick Parylene C layer was deposited on a 4-inch

silicon wafer via chemical vapor deposition to form the substrate.

All the metal electrodes were made of titanium and gold (25/50 nm)

and patterned using the liftoff method with an AZ5214E photoresist.

After the deposition of the gate electrode, a 300-nm-thick Parylene

C layer was deposited as the gate dielectric. The source and drain

electrodes were patterned using the liftoff method with Ti/Au (25/

50 nm). Subsequently, a solution of DPP-DTT dissolved in

chloroform at 4 mg/mL for over 3 h was spin-coated at 1500 rpm

for 30 s and then annealed at 150 °C for 10 min to form a DPP-

DTT film of thickness approximately 550 nm [18]. Fig. 2 (b)

shows the fabrication process of the PDMS microfluidic channel.

The PDMS microfluidic channel was formed by applying a 10:1

mixture of SYLGARD 184 and a curing agent onto an SU-8-

Fig. 1. Structure of the DPP-DTT glucose sensor. (a) Glucose sensor

integrated with a PDMS microfluidic channel. Optical micros-

copy image of (b) channel of W/L = 5000/50 (µm/µm) and

(c) channel of W/L = 5000/75 (µm/µm) transistor. (d) DPP-

DTT glucose sensor aligned with the PDMS microfluidic

channel. (e) Optical microscopy image of the aligned DPP-

DTT and PDMS channels. (f) Flexible DPP-DTT glucose sensor

released from Si wafer.

Fig. 2. Fabrication process of the glucose biosensor. (a) Fabrication

process of the OTFT. (b) Fabrication process of the PDMS

microfluidic channel. (c) Schematic of the 3D model showing

the front and back sides of the DPP-DTT transistor channel

functionalized with glucose oxidase, aligned with the PDMS

microfluidic channel.
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patterned silicon wafer. PDMS was then cured in a vacuum oven

at 90 °C for 90 min. Finally, the PDMS microfluidic channel was

peeled off, and the inlet was formed using a biopsy punch.

2.3 Surface Functionalization by Glucose Oxidase

GOx enzyme (10 mg, 250 KU) was diluted in 10 mL of a 1 ×

phosphate-buffered saline (PBS) solution and sprayed uniformly

over the wafer using a spray gun. After approximately 3 h, the

surface was rinsed with the 1× PBS solution and dried with

nitrogen blowing before the electrical measurements. Subsequently,

the DPP-DTT channel of the OTFT was aligned with the PDMS

microfluidic channel under a microscope, and glucose solutions of

varying concentrations were introduced through the inlet. Fig. 2 (c)

shows a schematic of the 3D model of the experimental setup.

3. RESULTS AND DISCUSSIONS

3.1 Electrical Characteristics of DPP-DTT OTFT

Measurements of the transfer curves and the corresponding

transconductance values are necessary to determine the optimal

voltage range for sensor performance [19]. In Fig. 3 (a), the gate

voltage was swept from 80 V to 40 V, with the drain voltage

biased at 2 V, 10 V, and 30 V. Owing to the direct contact of

the channel of the sensor with the solution during measurements,

a low drain voltage of 2 V was chosen. Fig. 3 (b) shows the

transconductance under the drain voltage bias of 2 V. The sensor

shows a favorable transconductance up to a gate voltage of

approximately 20 V. In this study, changes in the drain current

were induced by the activity of the glucose oxidase enzyme

applied to the DPP-DTT channel. Fig. 3 (c) illustrates this enzymatic

reaction: in a glucose solution, α- and β-glucose exist in a ratio of

approximately 36:64, where β-glucose reacts with glucose oxidase

to produce gluconolactone and hydrogen peroxide. The DPP-DTT

channel transitions to a redox state owing to hydrogen peroxide,

resulting in changes in the drain current, a mechanism comparable

to that observed for PEDOT:PSS [20].

3.2 Analysis of DPP-DTT Glucose Sensor

3.2.1 Detection of glucose

To validate the DPP-DTT glucose sensor, solutions containing

0 mM (1× PBS only), 10 mM, or 25 mM glucose (each diluted in

1× PBS) were injected into the inlet of the PDMS microfluidic

channel. Between each measurement for different glucose

concentrations, the sensor was rinsed with 1× PBS, followed by a

5-min waiting period to allow the sensor to rejuvenate. The

electrical characteristics of the sensor were measured using a

probe station and Keithley 4200 semiconductor parameter analyzer,

with the drain voltage biased at 2 V and the gate voltage swept

from 5 V to 2 V to measure the drain current. Owing to the

structure of the sensor, with the solution directly applied to the

channel, the gate voltage was limited to 5 V to avoid degradation

at higher voltages. To minimize errors in the initial measurement,

the values were recorded starting from the fifth measurement of

the operating voltage.

The drain current results for different channel W/L ratios are

shown in Fig. 4 (a) and 4 (b). Similarly, to reduce the measurement

errors, the drain currents at different glucose concentrations with

a gate voltage of 4 V are shown in Fig. 4 (c) and 4 (d). For a

Fig. 3. Characteristics and mechanism of the DPP-DTT glucose bio-

sensor. (a) Transfer curve of the DPP-DTT channel transistor.

(b) Transconductance of the DPP-DTT channel transistor at

VD = 2 V. (c) Enzymatic reaction of the DPP-DTT glucose

biosensor.
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channel W/L ratio of 5000/50 (µm/µm), the drain currents were

measured as 76.3 nA, 95.2 nA, 236 nA, and 10.9 nA for 0 mM,

10 mM, 25 mM, and 0 mM (again) glucose solutions, to determine

the difference from the initial value at the end. For a channel W/L

ratio of 5000/75 (µm/µm), the corresponding drain currents were

17.4 nA, 31.3 nA, 63.5 nA, and 31.3 nA under the same conditions.

3.2.2 Calibration of detected drain current

After measuring a 25 mM glucose solution and subsequently

rinsing to measure at 0 mM, the measured current did not return

to its initial baseline, which was attributed to drift currents during

the measurement process [21]. As glucose oxidase reacts with

glucose, hydrogen peroxide is produced, generating H+ ions.

These H+ ions then accumulate in traps between the gate dielectric

(Parylene C) and the interface with the DPP-DTT channel,

resulting in a continuous increase in the drain current.

Data calibration was applied to ensure that the drain currents for

the initial and final 0 mM glucose measurements were equivalent.

This calibration assumed that the generated hydrogen peroxide

increased proportionally with the glucose concentration and that

the number of traps in the gate dielectric and between the dielectric

and the channel also increased proportionally. Upon returning to

0 mM, the ions generated from prior glucose measurements were

assumed to have a sustained effect proportional to the glucose

concentration. Therefore, the glucose concentration was considered

constant, and a proportional weighting factor was applied to

correct for drift based on the glucose concentration. The results

before and after correction are listed in Table 1.

Fig. 4. (a) Transfer curve of the gate W/L = 5000/50 (µm/µm) transistor. (b) Transfer curve of the gate W/L = 5000/75 (µm/µm) transistor,

(c) Drain current depending on the glucose concentration, at VG = 4 V and VD= 2 V, measured at different glucose concentrations with

gate W/L = 5000/50 (µm/µm) and (d) gate W/L = 5000/75 (µm/µm).

Table 1. Analysis of drain current before and after calibration

Drain Current (nA)

Before calibration After calibration

5000/50

(µm/µm)

5000/75

(µm/µm)

5000/50

(µm/µm)

5000/75

(µm/µm)

76.3 17.4 76.3 17.4

95.2 31.3 85.9 27.3

236 63.5 203 49.6
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3.3 Sensitivity Variation According to Channel Length

The DPP-DTT OTFTs have a channel width of 5000 μm and

two different channel lengths, 50 μm and 75 μm. A DPP-DTT

OTFT with a shorter channel length and higher transconductance

is expected to exhibit greater sensitivity [22]. Fig. 5 (a) and 5 (b)

illustrate the drain currents for various glucose concentrations

with a linear fit, showing a sharp sensitivity increase for the 5000/

50 (µm/µm) sensor at 25 mM. The sensitivity calculated using a

linear fit is shown in Fig. 5 (c).

Sensitivity (aA/mM) = (1)

For the DPP-DTT glucose sensor with the channel W/L of 5000/

50 (µm/µm), a sensitivity of 52.8946 nA/mM was observed, whereas

the DPP-DTT glucose sensor with the channel W/L of 5000/75 (µm/

µm) showed a sensitivity of 13.0305 nA/mM. Overall, it was

confirmed that the shorter sensors exhibited higher sensitivity.

4. CONCLUSIONS

In this study, an OTFT-based glucose sensor was developed by

integrating Parylene C and DPP-DTT into a PDMS microfluidic

channel. The drain current changes in the DPP-DTT glucose

sensor were monitored at various glucose concentrations, and the

drift current was calibrated. It is challenging to fabricate a sensor

that operates without drifting [23].

The basic idea of drift compensation algorithms is to eliminate

the variations in the sensor signal ascribed to sensor drift. This

paper proposed a simple one-point calibration method. Various

methods for calibrating sensor data have been suggested, with

ongoing studies focusing on circuit-based correction techniques

[24] and algorithmic approaches [25].

The rejuvenation of biosensors is also a critical factor in ensuring

their durability and suitability for repeated use. While functionalization

after each use is one approach, alternative methods, such as chemical

treatment, the application of electric fields, and controlled heating, are

being explored to enhance sensor longevity. Further studies are

required to optimize the biosensor rejuvenation [26].

In this study, under a fixed width of 5000 μm, the DPP-DTT

glucose sensor showed the sensitivities of 52.8946 nA/mM for a

length of 50 μm and 13.0305 nA/mM for a length of 75 μm,

highlighting sensitivity differences based on the channel length.

Future studies could further enhance sensitivity by optimizing the

W/L ratio. The flexibility and biocompatibility of the sensor

suggest its potential for wearable skin-adherent applications.
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