Modeling and Simulation of Graphene based Bio-FET for Alzheimer’s disease detection
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Abstract: - This paper demonstrates simulation of Graphene based Bio-FET for detection of β-amyloid peptide (Aβ) whose accumulation characterizes Alzheimer’s disease. The type of Bio-FET used is ISFET (Ion Sensitive Field Effect Transistor) whose electrical characteristics i.e ID-VFG characteristics depict device performance. Electronic Nano-BIO sensor Simulator enables ISFET simulation with device physics modeled with the Poisson/Boltzmann (DC) and Poisson/Drift/Diffusion equations coupled to the site-binding charge model equations at the electrolyte/Insulator interfaces. By making use of Silicon and Graphene as channel material ISFET output characteristics (ID vs VFG) are compared based on varying ionic strengths of NaCl electrolyte at different pH scales.
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1 Introduction

The unification of Ion Sensitive Field Effect Transistors (ISFETs) with numerous biological elements such as molecules (enzymes, antibodies, antigens, proteins or nucleic acids) led to its biomedical applications for physiological measurements. Thus the type of biosensors known as Bio-FETs was formed. Bergveld in 1970, demonstrated a solid state device for ion sensing functioning as field effect transistor [1]. ISFET is primarily metal-oxide-silicon field-effect-transistor (MOSFET) having site-binding layer made up of chemically sensitive membrane as gate electrode. The conventional gate electrode is replaced by chemical responsive sheet which is in contact with an electrolyte (ionic solution). There is also another electrode known as reference electrode (RE) as terminal of device. The resistance of the channel made up of semiconducting material varies in accordance with the electric field applied in direction perpendicular to flow of electric current.

Alzheimer’s disease (AD), the leading cause of dementia worldwide, is characterized by the accumulation of the β-amyloid peptide (Aβ) within the brain along with hyperphosphorylated and cleaved forms of the microtubule-associated protein tau. Physiologic


generation of the neurotoxic Aβ peptide from sequential amyloid precursor protein (APP) proteolysis is the crucial step in the development of AD. The amyloid precursor protein (APP) is one member of a family of related proteins that includes the amyloid precursor-like proteins (APLP1 and APLP2) in mammals. APP is best known as the precursor molecule whose proteolysis generates beta amyloid(Aβ), a polypeptide containing 37 to 49 amino acid residues, whose amyloid fibrillar form is the primary component of amyloid plaques found in the brains of Alzheimer’s disease patients [2]. The oligomerization process of Aβ(1-42) is much faster than that of Aβ(1-40). Different tests at numerous pH and ionic strength are performed and fibril formation is detected at acidic pH and lower ionic strength. The formation of dense fibrillar aggregates is due to increased ionic strength while maintaining acidic pH. At neutral pH and low ionic strength, oligomers of Aβ(1-42) with small fibrils were formed. Increasing the ionic strength of electrolyte led the small fibrils to aggregate into small oligomeric mass [3].
      Graphene is a novel material with its unique electrical properties which makes it feasible for different electronic applications. Graphene is a 2-D material with the carbon atoms arranged in a hexagonal honeycomb lattice. Due to linear relation between energy and momentum space,


1
it shows massless particle at Dirac point. Graphene is classifed as semi-metal. The zero band gap of graphene, the density of states (DOS) is zero near at the lower band edge. The intrinsic transport property of graphene is high mobility of 2*105 cm2/Vs etc.
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