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A B S T R A C T

This research work presents an innovative charge-modulated hybrid dielectric organic thin-film transistor (CM- 
HD OTFT) biosensor designed for the early detection of the breast cancer biomarker C-erbB-2 in saliva and serum 
samples. By incorporating a dual-dielectric structure and a sensing cavity adjacent to dielectric layers, the 
biosensor significantly enhances interface quality and biomarker immobilization. To facilitate specific binding, 
the cavity surface is functionalized with 3-aminopropyltriethoxysilane (APTES), promoting conjugation with C- 
erbB-2 biomolecules. The detection mechanism relies on the modulation of interface charge density due to 
varying concentrations of the C-erbB-2 biomarker in normal versus malignant saliva/serum samples. These 
charge variations directly influence the device’s electrical characteristics, thereby enabling sensitive early-stage 
breast cancer detection. A numerical charge-equivalent model for C-erbB-2 has been developed, and the 
detection process has been thoroughly analyzed using 2D numerical simulations in ATLAS SILVACO. The 
sensitivity of the biosensor is evaluated in terms of drain current and the switching ratio, achieving values of 2.5 
× 104 (6.54 × 104) and 9.8 × 109 (7.5 × 108) for saliva (serum) samples, respectively. Moreover, additional 
sensing metrics such as linearity, limit of detection (LoD), and noise characteristics are investigated, demon
strating superior sensitivity compared to existing biosensors. To further optimize performance, the study also 
refines the cavity thickness from 8 nm to 12 nm, ensuring improved detection efficiency. These advancements 
suggest that the CM-HD OTFT biosensor holds strong potential for point-of-care applications in early-stage breast 
cancer detection.

1. Introduction

Genetic abnormalities that promote unchecked cell proliferation and 
the development of abnormal growths or tumors are the main cause of 
cancer, which continues to be one of the top causes of death globally. 
These tumors can occur in any organ, leading to tissue damage and 
necessitating early and accurate diagnosis. Lung, breast, colorectal, and 
prostate cancers have the highest incidence rates, with breast cancer 
being the most often diagnosed disease in women, according to Global 
Cancer Statistics 2022 [1]. Nowadays, imaging techniques, including 

X-ray mammography, magnetic resonance imaging (MRI), and micro
wave imaging are mostly used to diagnose breast cancer. However, there 
are some limitations to these methods. Mammography, for instance, has 
reduced sensitivity (67 %) and accuracy (89 %) in younger women and 
involves exposure to ionizing radiation [2,3]. Although MRI provides 
higher sensitivity, its high cost, hospital-based infrastructure, and 
limited accessibility hinder widespread use, especially in underdevel
oped regions [4–6]. Using the dielectric contrast between healthy and 
cancerous tissues, microwave imaging has become a viable substitute. 
Due to their greater water content, malignant tissues scatter microwave 
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