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Abstract: In the ElectroMed project, we are interested in screening certain peptide sequences for
their ability to selectively interact with antibodies or MHC proteins. This poses a combinatorial
challenge that requires a highly multiplexed setup of label-free immunosensors. Label-free FET-based
immunosensors are good candidates due to their high multiplexing capability and fast response time.
Nanowire-based FET sensors have shown high sensitivity but are unreliable for clinical applications
due to drift and gate stability issues. To address this, a label-free immuno-FET architecture based on
planar junctionless FET devices is proposed. This geometry can improve the signal-to-noise ratio due
to its larger planar structure, which is less prone to defects that cause noise and is better suited to the
functionalization of different receptor molecules.

Keywords: immuno-FET; MHC proteins; label-free; planar junctionless

1. Introduction

Peptides are short protein sequences with diagnostic and therapeutic potential. How-
ever, the variability of the proteome between cells poses a significant challenge for screening
and transducing interactions into readable signals. Label-free field effect transistor (FET)-
based immunosensors show promise for solving this challenge due to their high sensitivity,
multiplexing capabilities, and fast response time. The nanowire-based FETs have garnered
significant attention due to their 3D gating effect and faster mass transport towards the
sensing area. However, the low reliability and reproducibility of the nanowire-based FET
sensors has prevented these structures from reaching clinical application. In this study, a
label-free immuno-FET architecture based on 2D planar junctionless FET devices is pro-
posed. This geometry improves the signal-to-noise ratio due to the lower number of surface
defects because of simpler fabrication processes compared to non-planar geometries, and
it can be better suited to functionalizing different receptor molecules because of its pla-
nar structure. This study aimed to fabricate and characterize planar junctionless FETs
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for pH sensing with the potential for future use in multiplexed sensing of biomolecular
interactions.

2. Materials and Methods

Planar junctionless FETs were fabricated in a standard clean-room environment using
SOI wafers from IceMOS Technology, Ltd. (Belfast, UK) To achieve a higher sensitivity
suitable for detecting biomolecular interactions, a thin and lightly doped silicon device
layer (thickness of 250–300 nm and resistivity of 1–10 Ohm.cm) was used [1].

3. Discussion

In this study, pH sensing was performed using planar junctionless field-effect transistor
sensors (FETs) that were fabricated and characterized (Figure 1a). The FET device with
SiO2 gate oxide displayed a voltage sensitivity of around 40 mV/pH for constant drain
currents of 50 nA at a drain-to-source voltage of 0.05 V. Theoretical modeling and simulation
yielded a mean value of 3.8 × 1015/cm2 for the surface states, with a standard deviation of
3.6 × 1015/cm2. With our proposed rational design, we anticipate achieving a sensitivity
that is sufficient for detecting peptide–protein interactions (Figure 1b). The performance of
these planar devices can be further improved by using a thin layer of high-k gate dielectrics
(e.g., HfO2) and by modifying the gate area with nanomaterials that will later be used as a
multiplexed set-up of immunosensors to detect biomolecular interactions.
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Figure 1. Microfabrication and surface functionalization: (a) microfabricated device with open gate 
area; (b) surface functionalization of Au/SiO2 SPR chips with APTES, peptide, and protein. 
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