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Abstract— In this paper, we applied the out-of-equilibrium 

body potential measurements in a silicon-on-insulator (SOI) 

structure as a mean of DNA detection. The biochips were 

manufactured by 3-glycidoxypropyltrimethoxysilane (GOPTMS) 

functionalization, and single stranded DNA probes 

corresponding to human papillomavirus (HPV) were grafted 

onto the surface. 

The physicochemical characteristics were assessed by contact 

angle, Fourier Transform Infrared Spectrometry (FTIR) and 

microarray technique. The effects of the bio-chemical 

attachments to the surface of SOI were evaluated by body 

potential measurements implemented in the Ψ-MOSFET 

configuration, typically used for electrical characterization of 

substrates. 

Body potential measurements versus the back gate voltage 

were able to distinguish the shift induced by DNA molecules only 

and the signatures were related to target DNA concentrations. 

The proposed reading method is remarkable owing to the fact 

that (1) it measures a potential (in the order of 1V) instead of a 

low current, (2) it allows fast sweeping measurements and (3) it 

requires a gate voltage close to 0V which induces less stress on 

the molecules attached to the surface. 

 
Index Terms— body potential, GOPTMS, HPV-DNA, 

microarray, out-of-equilibrium, Silicon-on-insulator, Ψ-

MOSFET,  
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I. INTRODUCTION 

NA biosensors and microarrays rely on the attachment of 

single-stranded DNA (ssDNA) probe sequences onto a 

chemically-modified surface to recognize its complementary 

DNA target sequences by hybridization [1-3]. The DNA 

hybridization can be measured with optical or electrical 

transducers, linked to a readout element which converts the 

signal into information which can be processed by the user [4-

6].  

Optical biosensors are based mainly on fluorescent detection 

and label-free detection [7]. The optical microarray biosensing 

relies on fluorophores conjugated to the target molecules and 

employs optical microscopes or digital cameras as detectors 

[8,9]. This technique is used for early disease diagnosis, 

enabling the parallel detection of thousands of labelled gene 

fragments [10,11]. False-positive or false-negative 

hybridization signals may be ensued by DNA labelling, 

despite the impressive detection sensitivity, stability and easy 

handling of the fluorescent dyes [12,13]. Thus, special 

attention has been given to the detection methods which do 

not require fluorescent labelling [14]. 

Electrical biosensors provide label-free detection and are 

classified as amperometric/voltammetric, potentiometric, 

impedance and field-effect transistors (FET) [5,14]. Of all 

mentioned detection schemes, FET-based biosensors became 

popular due to their fast development as a result of 

nanoscaling [15], and advances have been brought by 

introducing nanomaterials and nanostructuring methods to 

these devices [16]. Thus, throughout nanoscaling the FET-

devices traditionally developed on bulk or 3D semiconductor 

materials can be also based on 1D structures (i.e. carbon 

nanotubes - CNTs and silicon nanowires -SiNWs), and 2D 

structures (i.e. graphene, silicene, germanene, MoS2) [16-19]. 

Si-based 1D structures have provided good sensitivity and 

selectivity in the detection of DNA, proteins and viruses 

thanks to the high surface-to-volume ratio of SiNWs [20,21]. 

The detection limits of DNA molecules were reported to be in 

the range of 100 pM - 1 fM [22,23]. However, NW-FETs have 

low output signals with high fluctuations generated by the 

reproducibility issues associated with their mass production 

[21,24,25]. In order to avoid those issues, silicon on insulator 

(SOI), measured by the Ψ-MOSFET (metal-oxide-

semiconductor FET) method has been considered for its large 

Novel DNA biosensor based on the out-of-

equilibrium body potential method in silicon-

on-insulator 

Licinius Benea, Melania Popescu, Maryline Bawedin, Monica Simion, Irina Ionica 

D 

Authorized licensed use limited to: Natl Inst for Res & Dev in Microtech IMT Bucharest. Downloaded on September 10,2020 at 06:08:09 UTC from IEEE Xplore.  Restrictions apply. 



1558-1748 (c) 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2020.3008133, IEEE Sensors
Journal

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

 

2 

surface of detection [26]. In Ψ-MOSFET the channel 

appearing at the interface between the silicon film and the 

buried oxide (BOX) is controlled by the voltage applied on the 

bulk substrate used as a backgate (VBG). Sensors based on the 

Ψ-MOSFET configuration have already proven their detection 

potential of (3-Aminopropyl)triethoxysilane (APTES) [27], 

gold nanoparticles [28], porphyrin [29] and molecules with 

electron-donating capabilities [30], or radiation sensors [31]. 

In this paper, the Ψ-MOSFET configuration was selected to 

demonstrate the proof-of-concept of out-of-equilibrium body 

potential for sensing for the following reasons: (1) out-of-

equilibrium phenomena due to floating body effects are visible 

in SOI substrates and devices, (2) the large detection surface 

of the Ψ-MOSFET minimizes the stochastic effects and (3) the 

silicon film is thin enough to guarantee coupling between the 

channel at the buried oxide interface and the molecules 

deposited on the top of the SOI [26]. As in all the FET-like 

biosensors, the detection performance of DNA depends on the 

surface chemistry to provide hybridization efficiency and 

specificity [32], so this was our initial concern. The surface 

functionalization with 3-glycidoxypropyltrimethoxysilane 

(GOPTMS) allows the covalent attachment of single-stranded 

DNA probes (ssDNA) via an amino modification at 5’ end of 

DNA [33-37]. Microarray technology was employed to assess 

the reproducibility of DNA immobilization and hybridization 

on the surface modified with GOPTMS, by employing probes 

and target sequences specific to the high-risk human 

papillomavirus type 16 (HPV 16) [38,39]. The body potential 

measurements were compared to the traditional electric 

current versus VBG characteristics, in order to reveal the 

influence of the target DNA hybridization at different 

concentrations of DNA. 

II. EXPERIMENTAL SECTION 

A. Sample preparation 

The experimental workflow is depicted in Fig. 1.  

The first set of samples, prepared on simple Si substrates, was 

used solely to validate all processing steps as optimal and 

reproducible. Thus, after functionalizing the surface with 

GOPTMS, the process was verified by Fourier Transform 

Infrared Spectroscopy (FTIR) and contact angle 

measurements. The DNA probes’ immobilization and 

hybridization with the target sequences were validated by 

fluorescent detection, using microarray technology and 

statistical analysis. The second set of samples was fabricated 

from silicon on insulator substrates and was employed for 

demonstrating the new electrical detection approach. 

Functionalization with GOPTMS. The Si substrates (Siegert 

Wafer, Germany) used for microarray validation were cut into 

2.5x2 cm2 dices. The samples were cleaned from impurities 

and hydroxylated for 15 min in a freshly prepared Piranha 

solution (H2SO4:H2O2 3:1 v/v). The generated hydroxyl 

groups do not affect the thin gate oxide’s topology and 

thickness and are essential for the uniform silanization of the 

surface [40,41]. The samples were finally rinsed with 

deionised water and dried under a nitrogen stream.  

A functionalization method with GOPTMS (Sigma-Aldrich, 

Germany) under vapour-phase was applied in order to prevent 

the epoxy ring-opening, caused by reaction with water via 

nucleophilic addition [42]. It was performed in a sealed Petri 

dish [43], for 3 h 30 min, at 85 °C. There was no physical 

contact between the samples and the 2 mL of GOPTMS. At 

the end of the reaction, the dices were cleaned 6 times 

successively in absolute ethanol and deionised water and 

further dried under a nitrogen stream. The chemically 

modified silicon samples were cured for 30 min at 110 °C.  

DNA preparation for biodetection. The oligonucleotide 

sequences (Biomers.net, Germany) employed in the electrical 

and fluorescent detection are presented in Table S1 (please 

see Supporting Information). The immobilization buffer and 

microarray spotting conditions were previously described in 

[44]. For electrical detection, we delivered 50 µM of the 

solution on each active area. The immobilization reaction was 

optimized by incubation overnight at 60 °C, in a humidity 

chamber. Afterwards, the samples were dried for 1 h at 110 °C 

and rinsed 3 times sequentially with (i) 2x SSC/0.1% w/v SDS 

(saline sodium citrate/sodium dodecyl sulphate); (ii) 1x SSC 

and (iii) DIW (deionized water) in order to remove the 

unbound probes. 

For microarray experiments, the hybridization step was 

performed using Cy5-labelled target sequences with final 

concentrations of 1 μM, 0.1 μM and 0.01 μM, whereas for the 

electrical characterizations we employed the same 

concentrations of unlabelled sequences. The hybridization was 

carried out for 4 h [44] at 40 °C and the washing steps were 

realized as in [45]. 

 

 
Fig. 1.  Schematic representation of the experimental workflow 
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B. Functionalization and DNA grafting validation 

The FTIR and the contact angle methods were employed to 

investigate the physicochemical properties of the GOPTMS-

modified samples. The immobilization and hybridization 

efficiencies were assessed by microarray technology, given 

that it enables the parallel analysis of large sets of replicates.  

Assessment of GOPTMS functionalization efficiency. A 

VERTEX 80/80v with RAM II FT-Raman Module (Bruker 

Optics, USA) was employed to study the surface 

functionalization with GOPTMS by FTIR spectrometry. The 

spectra were collected in a wavenumber interval of 5000-500 

cm-1 and the analysis was performed using OPUS 7.5 

Spectroscopy Software (Bruker Optics, USA). 

Fig. 2 shows a typical attenuated total reflectance-FTIR 

(ATR-FTIR) spectra for Si functionalized with GOPTMS.  

An expanded view of the region from 650 to 1500 cm-1 (Fig. 2 

(b)) illustrates the peaks at 673 cm-1, 708 cm-1, 735 cm-1, and 

764 cm-1, which are characteristic to the CH2 rocking vibration 

mode in the Si-CH2-R group. The bands at 796 cm-1, 883 cm-1, 

906 cm-1, 937 cm-1 and 1102 cm-1 can be assigned to the 

epoxide ring vibration modes. 1039 cm-1 is assigned to the Si-

O-Si vibration [46,47], an indicator of the functionalization 

efficiency on Si, 1167 cm-1 is ascribed to the C-O stretching 

vibration and 1450 cm-1 corresponds to the asymmetrical 

deformation vibration of CH3 [46]. A close-up view of the 

region from 2700 - 3100 cm-1 (Fig. 2 (c)) discloses peaks at 

2920 at 3038 cm-1 which are attributed to the scissoring 

deformation of CH2 [48] and the C-H stretching vibration 

corresponding to cycloalkane. The ATR-FTIR results confirm 

that GOPTMS has been successfully grafted on the Si surface. 

The surface wettability of the functionalized substrates was 

determined at room temperature by employing the KSV Theta 

Optical Tensiometer equipment (Biolin Scientific, USA). 

Deionized water was used in the sessile drop tests, and the 

droplet volume was controlled using an automatic dispensing 

system. The graphical representation was generated after 

averaging the data acquired from three measurements (Fig. 3). 

An obvious increase in contact angle is the indicator of proper 

surface modification, induced by the epoxy groups and the 

methyl chains. These results are in accordance with the study 

of Goddard and Erickson [49] and confirm the appropriate 

functionalization with GOPTMS. 

Microarray investigation of the immobilization and 

hybridization efficiencies. Immobilized DNA was detected 

with a laser scanning confocal fluorescence system (GeneTAC 

UC4 Microarray Scanner, Genomic Solutions, USA), by 

scanning the slides with a Cy3 (532 nm) excitation laser at 5 

µm/pixel. The hybridized spots were detected by scanning the 

slides with a Cy5 (635 nm) excitation laser at a resolution of 5 

µm/pixel. The coarse images were imported into GenePix® 

Pro 7 Software for quantifying the intensity of the 

immobilization and hybridization signals. The RStudio 

1.1.463 [50] environment for R 3.5.3 [51] was used for 

processing and analysing the datasets based on 384 spot 

replicates per control probe and 256 spot replicates per each 

concentration of hybridized sequence. The graphics were 

generated using ggplot2 R package [52]. For the hybridization 

results, we employed background-corrected values normalized 

by a log10 transformation for a more meaningful and easier 

data interpretation [53]. The values placed further than 2σ 

(standard deviation) away from the mean were treated as 

outliers and removed from the graphical and statistical 

analysis. 

 

(a)  

(b)  

(c)  

Fig. 2. ATR-FTIR of GOPTMS (a) full spectrum, (b) 650 - 1500 cm-1 region 

and (c) 2700 - 3100 cm-1 region 

 
Fig. 3. Variation over time of the contact angle on blank silicon and on Si 

functionalized with GOPTMS 
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The measurement of the fluorescent signals corresponding to 

the immobilization step was done in order to confirm a proper 

probe attachment (Fig. S1, Supporting Information). The 

stability of the chemical bond formed with the support was 

first tested by verifying the fluorescent signal after the 

immobilization and washing steps and second, after the 

hybridization and another washing round (Fig. 4). 

According to the descriptive statistics, the loss in signal 

intensity, calculated for 384 replicate spots, was 13.39%, 

accompanied by a decrease of the standard deviation, which 

means that the unspecific tethered probes were discarded. The 

small difference between the average signal intensities is an 

indicator of a reliable, strong bond of the probes on GOPTMS-

modified Si substrates.               

 
For the SOI samples, the concentrations of 1 μM, 0.1 μM and 

0.01 μM of target sequences specific to HPV 16 were used in 

hybridization (Fig. S2, Supporting Information). The 

examination of the optical image is completed by the graphical 

analysis presented in Fig. 5, accompanied by their descriptive 

statistics. Per each target concentration, we employed 256 

replicate spots in order to increase the statistical precision of 

the analysis [54]. 

Our observations, based on the fluorescent hybridization 

images, are confirmed by the graphical analysis, where the 

lowest signal intensity was recorded for 0.01 μM (3.19). For 

the 0.1 μM target sequences, we obtained an average signal 

intensity of 3.862 a.u. and a standard deviation of 0.342. As 

expected, the 1 μM hybridized target sequences exhibit an 

average signal intensity of 4.146 and a reduced data spreading 

(σ = 0.155). 

The coefficient of variation (CV) of ≤10% is considered 

adequate [55], and it was calculated for assessing the 

reproducibility of the hybridization results using Eq. 1: 

CV = 
σ

𝐼̅
 x 100                 (1) 

where Ī is the average hybridization fluorescent intensity and 

σ is the standard deviation. 

Taking into account the values obtained for all concentrations 

of target sequences, we obtained an improved CV value of 

7.27 % which indicates the low variability of our microarray 

assay. Moreover, the good CV denotes indirectly the high 

reproducibility of the prior steps of microarray fabrication 

(surface functionalization and DNA immobilization). 

After having proven the stability of the biochemical steps, we 

applied the procedure for the SOI samples that were to be used 

for the body potential method in the Ψ-MOSFET 

configuration for DNA detection. 

 

C. Ψ-MOSFET method for SOI characterization 

The proof of concept for the out-of-equilibrium body potential 

scanning will be realized using the Ψ-MOSFET configuration 

which is generally employed for SOI characterization [56]. 

The overview of the measuring structure, setup and electrical 

characteristics is depicted in Fig. 6.  

For the Ψ-MOSFET measurements, islands of 5x5 mm² were 

patterned on the SOI wafers using photolithography and 

reactive ion etching (RIE) as illustrated in Fig. 6(a). The 

innate upside-down structure of the SOI is highlighted: the 

bulk silicon substrate, acting as a gate, is biased using the 

chuck, while the BOX is used as a gate dielectric. In the 

conventional configuration, two probes are placed on the 

silicon film and act as the source and the drain of the pseudo-

transistor as depicted in Fig. 6(b). The electrical 

measurements were performed with an HP4155 Analyser and 

a 4-point probe Jandel station. The latter is provided with 

pressure controlled tungsten carbide probes positioned in line, 

at a distance of 1 mm from each other. The gate voltage (VG) 

induces a channel at the interface between the top silicon film 

and the BOX. For low doping concentrations of the silicon 

film (i.e. 1015 cm-3), the current between the source and the 

drain can be driven by either holes or electrons, depending on 

the polarity of VG. Therefore, the drain current vs. gate voltage 

characteristics depicted in Fig. 6(c) present both an NMOS 

and a PMOS behaviour. There are two distinct VG values that 

set the boundaries of the working regimes: the threshold 

voltage (VT) marks the inversion and the flat-band voltage 

 

 DNA target concentration (μM) 

 0.01 0.1 1 

Average 3.190 3.862 4.146 

σ 0.318 0.342 0.155 

 
Fig. 5. Graphical analysis of the fluorescent hybridization signals for three 

target DNA concentrations 

 

 Number of washing cycles 

 1st  2nd  

Average 6399 5542 

σ 1664.1 1429.8 

 
Fig. 4.  Fluorescent immobilization signals of the control sequences 

evaluated before and after washing cycles 
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(VFB) marks the accumulation. They are extracted using the Y 

function method in order to avoid contact resistance [57]. Both 

those parameters will be employed to measure the response of 

the pseudo-transistor to the top surface functionalization. 

The detection capabilities of the Ψ-MOSFET were previously 

evaluated from the ID-VG characteristics, based on VT and VFB 

extraction [28,58]. The measurements were realized in the 

linear regime (low VD) and needed the use of a high gate 

voltage to set the inversion channel (VG higher than the VT). 

Note that a current shift measurement under the threshold 

regime could also be used for sensing, but the current levels 

are quite low. These principles are valid for other ISFET 

devices used as sensors, such as nanowires [22,25].  

Herein, we employed the out-of-equilibrium body potential 

measurements in Ψ-MOSFET for sensing the charges 

deposited on the surface of the SOI film. 

 

III. RESULTS AND DISCUSSION 

A. Out-of-equilibrium body-potential measurements in the Ψ-

MOSFET configuration 

The experimental setup was modified by adding a third probe 

between the source and the drain in order to measure the body 

potential (VB). The VB measurement was realized using a zero 

current condition applied on the SMU (source-measurement 

unit) which has an input impedance of at least 1013 Ω.  

Fig. 7 presents the drain current (ID) and the body potential 

(VB) curves obtained for different gate voltages. When the 

gate is swept from accumulation to inversion, the body 

potential increases with a quasi-linear behaviour, following 

VG, and then sharply decreases when the inversion channel 

forms. The out-of-equilibrium body potential is large in the 

depletion region, where the drain current is negligible. 

 
The advantages of the body-potential compared to the 

classical drain current measurements in the Ψ-MOSFET 

configuration were already presented in a previous work [59]. 

It was shown that contrary to the current measurements in 

these structures [60], the out-of-equilibrium potential is 

independent of the position and the pressure applied on the 

probes. This constitutes a major advantage in terms of 

versatility for the sensor. However, the out-of-equilibrium 

body-potential is time-dependent [59], higher sweeping speeds 

showing higher VB. This is advantageous since one can 

amplify the VB response by realizing faster measurements. 

Nevertheless, choosing a measurement point that is relevant to 

a sensor application can be difficult. In order to determine a 

stable point that can be used to measure the shift in the body 

potential, various sweeping speeds were employed (Fig. 8). 

The various sweeping speeds were obtained by modifying the 

delay time (time between two consecutive measurement 

points), the integration time (time to obtain one measurement 

point) and the VG step. Obviously, the only stable point is the 

one which marks the beginning of the out-of-equilibrium 

regime. This point, noted VB0, will be used in the next section 

for sensing applications.  

 

 
Fig. 7. Drain current and body potential vs. gate voltage sweep from 

accumulation to inversion. All the curves were measured simultaneously. 

VD = 0.1 V, step 100 mV 

(a)  

(b)  

(c)  

Fig. 6. Ψ-MOSFET (a) measuring structure; (b) experimental measurement setup; 

(c) drain current vs. gate voltage characteristics. VD = 0.1 V, step 100 mV 
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B. Electrical detection of DNA using the out-of-equilibrium 

body potential 

The measurements of the ID-VG and VB-VG curves were 

performed after every functionalization step. The graphical 

representation in Fig. 9 is an example of the obtained 

characteristics after each experimental step for one of the 

devices. The presence of GOPTMS induced a positive shift, 

whereas the immobilization and hybridization steps induced a 

negative shift in both ID-VG and VB-VG curves. This behaviour 

is representative for the ensemble of the measured devices. 

 

For the experimental reproducibility, 16 devices were 

fabricated from an SOI wafer with an 88 nm thick silicon film 

and a 145 nm thick BOX. They were all submitted to 

GOPTMS and probe DNA attachment. For the hybridization 

step, they were distributed into 4 groups according to the 

concentrations of the target DNA contained in the 

hybridization buffer: 0 μM (bare buffer solution), 0.01 μM, 

0.1 μM and 1 μM, respectively. 

In order to have a global view of the shifts induced by every 

step on each structure, the relative variation of the threshold 

voltage (ΔVT) and the flat-band (ΔVFB) voltage were presented 

as box plots (Fig. 10). 

 

(a)  

(b)  
Fig. 10. Relative variations of (a) VT and (b) VFB for various stages of 

biochip processing. Parameter extraction results for the thick film/ BOX 

measurements. tSi = 88nm and tBOX = 145nm. 

(a)  

(b)  

Fig. 9. Drain current vs. gate voltage (a) and body potential vs. gate 

voltage (b) for various stages of biochip processing. tSi = 88nm and tBOX = 

145nm. 

 
Fig. 8. Body potential vs. gate voltage characteristics for different 

sweeping speeds obtained by varying the delay time, the integration time and 

the size of the measurement step. 
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The relative variations were calculated as the difference in 

threshold or flat-band voltage after and before every 

functionalization step. The presence of GOPTMS induced a 

positive ΔVT and ΔVFB due to the negative charges added on 

the top surface, which resulted from the intermolecular 

interactions through the silane crosslinking [61]. The ssDNA 

immobilization induced a negative average shift of -1.8 V for 

the threshold voltage, and -1.9 V for the flat-band voltage, in 

opposition to the negative charge of the DNA. The addition of 

the buffer solution induces a negligible shift on the threshold 

voltage and a small positive shift on the flat-band voltage. A 

negative shift is obtained by introducing concentrations of 

0.01 μM, 0.1 μM and 1 μM of target DNA into the buffer 

solution, lowering the values of ΔVT and ΔVFB with the 

increase of the DNA concentration. This behaviour was also 

observed in other FET-based sensors [62,63], and it was 

attributed to the charge inversion of the DNA molecule. This 

is a counterintuitive phenomenon in which the DNA molecule 

– a polyanion – attracts opposite charges in excess of its own 

nominal charge, so that its charge changes its sign [64-66]. 

Positive charges can come from the immobilization and 

hybridization solutions employed, which were rich in Na+ ions 

that might have shielded the overall negative charge of DNA 

molecules. It is possible that, after the washing steps, the Na+ 

ions remained attached mostly to the O1P atoms in the pentose 

phosphate backbone of the DNA strains [67].  

However, it is worth noting again that even if the sign is 

counterintuitive with respect to the actual charge of the DNA, 

both VT and VFB variations are following the DNA 

concentration in the samples. 

The shifts in VB – VG are consistent with the current 

measurements as illustrated in Fig. 9b. For a more quantitative 

analysis, the VG position of the VB0 point (VG@VB0) was 

extracted from the raw data of all the samples and the relative 

variations between 2 consecutive steps were calculated for 

ΔVT and ΔVFB. The relative variations measured in VG at VB0 

position (ΔVG @VB0) are displayed in Fig. 11 for a forward 

sweeping direction (gate voltage from negative to positive).  

Indeed, ΔVG @VB0 follows the same trends as ΔVT and ΔVFB. 

The VB0 shift induced by GOPTMS is positive, while for DNA 

immobilization it is negative. For hybridization, the 

measurements show a clear negative trend, which increases 

with DNA concentration, proving that these types of 

measurements are exclusively sensitive to the DNA molecule 

and not the result of the buffer solution.  

The results show that the body-potential method is able to 

perfectly match the results obtained from the conventional 

current measurements in the Ψ-MOSFET configuration. The 

main advantage of this method is that it can exploit the 

subthreshold regime of a device while measuring a potential 

instead of a very low current. With a careful choice of device 

characteristics, the measuring can be realized at gate voltages 

close to 0 V, which is very advantageous because (1) the 

molecular layer is less disturbed by the electric field and (2) it 

emphasizes the charge effect of the molecule as opposed to its 

dielectric effect as described in [68]. 

 
Limit of detection of the body potential method. All results 

considered, one can estimate the limit of detection of the Ψ-

MOSFET structure at 1µM of target DNA (for ΔVT, ΔVFB, and 

ΔVG@VB0). This is very high compared to the nanowire 

counterparts, which can reach 1 fM [23,24,69-72]. This is 

mainly determined by the very large surface of our device. 

The shifts observed in field-effect structures are proportional 

to the density of charges added by the chemical species, thus 

the surface of the device should be considered. The equivalent 

limit of detection for a smaller device can be roughly 

approximated using the ratio of the active surfaces. In our 

case, a 4 mm in diameter drop of DNA solution (obtained by 

visual estimation) deposited on the SOI covers a surface of 50 

mm², whereas a nanowire with a typical geometry of 10 µm in 

length and a height and width of 50 nm has a sensing area of 

1.5·10-6 mm² (considering the three exposed sides of the 

device). The difference of surface would lead to an equivalent 

limit of detection of 30 fM for our method if the active surface 

was the one of a nanowire. Consequently, the detection limit is 

in line with the one in nanowires.  

The reduction of the surface of the device would be therefore 

necessary in order to improve the limit of detection. However, 

as evidenced in [73], the size of the device needs to be 

carefully chosen, since the extreme miniaturization can have 

detrimental effects on the magnitude of the body potential. 

IV. CONCLUSIONS 

Our study proposes a novel detection paradigm for field-effect 

biosensors based on the measurement of the out-of-

equilibrium body potential in thin film silicon-on-insulator, 

instead of the classical conduction/current. This method can be 

employed for detecting bacteria and viruses responsible for 

various disease states. 

A functionalization strategy based on GOPTMS was 

developed. The chemical and physical properties of the 

GOPTMS-modified samples, examined by FTIR and contact 

 
Fig. 11. Relative variations of the VG corresponding to VB0 point for 

different stages of biochip functionalization. tSi = 88nm and tBOX = 145nm. 
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angle, have shown a successful modification of the surface. By 

microarray investigation, using a large number of spot 

replicates, we have shown low experimental variability, 

efficient probe DNA grafting and target recognition. 

The out-of-equilibrium body potential was measured for thin 

film SOI samples in the Ψ-MOSFET configuration and 

correlated with the charge deposited on the surface by 

functionalization. The measurement of the body-potential, 

realized close to VG = 0V, where the current in the device is 

negligible, can be advantageous for detection, since it could 

potentially simplify the measurement setup. An additional key 

element is that, unlike the ID-VG, VB measurements proved to 

be invariable to the position and the pressure applied on the 

probes. For samples with various concentrations of DNA, the 

body-potential response is correlated with the concentration. 

Using this method, we were able to detect DNA hybridization 

with a limit of detection of 1 µM. However, this relatively 

high value is related to the high surface of our device and 

could be improved by a reduction in size. Based on this proof 

of concept, the out-of-equilibrium potential reading could be 

extended towards other field-effect structures. 
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