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Abstract

An array of individually addressable nanoplate field-effect capacitive (bio-)chemical sensors based on an SOI (silicon-on
insulator) structure has been developed for multi-parameter detection. An isolation of the individual capacitors was achieved
forming a trench in the top Si layer with various thicknesses of 30-350 nm. The feasibility of the proposed approach has bee
demonstrated by realising sensors for the detection of pH as well as for the label-free electrical monitoring of adsorption an
binding of charged macromolecules.
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2. Introduction

Field-effect capacitive EIS (electrolyte-insulator-semiconductor) sensors have been recognised as very promisir
tool for the detection of various (bio-)chemical parameters (see e.g., recent vieMthough capacitive EIS
single sensors are simple in layout and easy in fabrication, nevertheless, the integration of multiple EIS sensors or
one silicon chip is problematic due to difficulties in preparation of separate, electrically isolated individual EIS
capacitors. In early experiments, it has been demonstrated that the electrical isolation of one-chip integrated multip
ISFET-based (ion-sensitive field-effect transistor) (bio-)chemical sensors can be achieved using silicon-on-insulatc
(SOI) waferd®. More recently, the SOl technology has been applied for the fabrication of
a (bio-)chemically sensitive nanowire-transistor dteayd silicon thin-film resistofsIn these structures, the bottom
Si serves as substrate while the top thin Si layer is used to fabricate the transducer structure.
In this work, an array of individually addressable nanoplate field-effect capacitive EIS sensors based on an SC
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structure (EISOI) with different thicknesses of the top Si layer has been developed for multi-parameter
(bio-)chemical sensing for the first time. The realised nanoplate capacitive sensors have been exemplarily tested f
the pH measurement as well as for the label-free detection of charged macromolecules, like polyelectrolytes (PE).

2. Experimental
2.1.EISOI sensor fabrication

Four groups of a field-effect capacitive sensor array with various thicknesses (350, 170, 60 and 30 nm) of the to|
Si layer were fabricated from an SOl wafer (Soitech, France) with a 360 nm thick top p-Si layer on a 400 nm thick
buried SiQ layer (Fig. 1). Each array consists of four nanoplate capacitive structures. For the preparation of the
field-effect capacitors with various thicknesses of the top Si layer (Fig. 1b), the top Si layer has been partially
oxidised by means of thermal wet oxidation. An isolation of the individual capacitors was achieved by forming a
trench in the top Si layer. As an exampieg. 2 showghe scanning electron microscopy picture of a layer structure
with a 350 nm thick top Si layer and a 30 nm S&er as gate insulator. Thus, this fabrication technology allows
addressable as well as simultaneous biasing of multiple field-effect capacitors on the same SOI chip.
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Fig. 1. Schematic cross section of the SOI wafer (a), capacitive EISOI sensor (b) and top view of the sensor array (c).
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Fig. 2. Scanning electron microscopy picture of the EISOI sensor layer structure.
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2.2.EISOIl measurement set-up

The developed EISOI sensors have been characterised by means of constant-capacitance (ConCap) method u:
an impedance analyser (Zahner Elektrik) (see measurement set-up in Fig. 3). For operation, a DC polarisatic
voltage is applied via a conventional Ag/AgCI electrode reference electrode to set the working point of the EISOI
sensor, and a small AC voltage (20 mV, 30 Hz) is applied to the system in order to measure the capacitance of tl
sensor.

reference
electrode

Impedance
analyser

Fig. 3. Measuring set-up for the electrochemical characterisation of the EISOI sensor array (schematically)

For the measurements, the EISOI sensor was mounted into a home-made measuring cell, sealed by an O-ring ¢
contacted on its front side by the electrolyte and a reference electrode, and on its top-silicon side by a gold-plate
pin. The contact area of the EISOI sensor with the solution was about 0.426 cm

3. Resultsand discussion
3.1.pH sensitivity of the EISOI sensor

For the pH measuring procedure, about 1 ml of the working buffer (Titrisol buffer) was applied to the EISOI
gate surface, and the sensor output signal was recorded. The EISOI sensors show an average pH sensitivity of
mV/pH (evaluated from the ConCap response) in the range of pH 3-11 that is in agree with reported result
(34-40 mV/pH) for capacitive EIS structures and ISFETs with a Big&r as a gate insulafor

3.2.EISOI sensor for the detection of charged macromolecules

The PE multilayer (maximum number of PE layers was 14) was obtained using the layer-by-layer technique by
consecutive adsorption of positively charged PAH (Poly (allylamine hydrochloride)) and negatively charged PSS
(Poly (sodium 4-styrene sulfonate)) from the respective PE solution (50 uM PSS or PAH, unbuffered 0.01 M NacCl,
pH 5.3). We started the formation of the PE multilayer onto the sensor surface with positively charged PAH.
Alternating potential shifts (8-55 mV) have been observed after the adsorption of each PSS and PAH layer onto tF
SiO; surface (see Fig. 4). The direction of the shift depends on the sign of the charge of the terminating PE laye
Moreover, the potential shifts have a tendency to decrease with increasing the number of PE layers
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Fig. 4. Detection of layer-by-layer adsorption of polyelectrolytes with an EISOI sensor; alternating potential changes with
tendency to decrease with increasing the layer number have been observed after the adsorption of each polyelectrolyte layer.
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