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Supplementary information

SI1: biofunctionalization and characterization of Si/SiO2 samples and MNC devices

Figure SI1a illustrates the main steps towards sensing area biofunctionalization with anti-AFP 

antibodies 1. In short, the Si/SiO2 sensing area is activated with piranha followed by surface chemical 

modification with APTMS linker molecules, and final surface-tethering of the anti-AFP antibodies (see 

Methods).2 Figure SI1a also presents the corresponding contact angle measurements of Si/SiO2 samples. 

The surface modifications were developed and characterized using 1 cm x 1 cm samples of silicon 

substrates decorated with 5 nm SiO2 (Figure SI1b-c). Figure SI1b presents contact angle measurements 

for Si/SiO2 samples post piranha activation, post APTMS modification and surface biofunctionalization 

with anti-AFP antibodies. The measurements are performed at three locations on the samples with two 

measurements performed at each location, such that the data points and the error bars reflect the 

averages and standard deviations, respectively, of six measurements. The contact angle dependency on 

the various surface modifications follows behavior well documented previously34. Figure SI1b also 

shows ellipsometry measurements performed on the same Si/SiO2 samples. First, the SiO2 sample is 

measured and the 5 nm SiO2 thickness is validated. Afterwards, the sample is measured post APTMS 

modification where the SiO2 is fixed and the APTMS thickness is fitted. Finally, the sample is measured 

post surface biofunctionalization with anti-AFP antibodies where both the SiO2 and the APTMS 

thicknesses are fixed to the measured values and the antibody layer is fitted. The mean square error 

(MSE) for all measurements is smaller than 2. The thicknesses presented in Figure SI1b reflect the 

expected values of APTMS and the antibody layer1,5,6. Figure SI1c presents the EIS measurements of 

the imaginary capacitance (C”) vs. the real capacitance (C’) for unmodified Si/SiO2, post APTMS 

modification and post biofunctionalization with anti-AFP antibodies. Three distinct curves are shown, 
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which reflect the effect of the modifications on the sensing area. The capacitance post APTMS 

modification is not significantly different from the unmodified sample, but the presence of an antibody 

layer is well reflected in the formation of an additional semi-circle characteristic of the generation of an 

additional layer. Finally, the biofunctionalization is applied to an MNC biosensor and Figure SI1d 

shows IDS vs. VGL for different VGF values performed for unmodified, and MNC modified with anti-AFP 

antibodies. All the measurements are performed for 0.5 µL drops of 0.1 mM 7.4 pH PBS solution. Three 

drops are measured for the unmodified MNC biosensor, and three drops are measured for the modified 

MNC biosensor, and each drop is measured four times. Figure SI1d presents an excellent robustness 

and repeatability of a modified MNC device in 0.1 mM 7.4 pH PBS solution, as well as asserts the 

stability of the quasi-reference electrode under possible drop-to-drop variations7. Finally, the 

repeatability addresses the concern of possible drop-to-drop pH fluctuations8.
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Figure SI1. (a) An illustration showing the process of Si/SiO2 surface biofunctionalization. The 

corresponding contact angle measurements are also shown. (b) Ellipsometry measurements and contact 

angle measurements of Si/SiO2 samples post various modification steps. (c) EIS measurements showing 

the real and imaginary capacitances for the various modifications steps. (d) IDS-VGL for various VGF 

values for unmodified MNC device and biofunctionalized MNC biosensor. The data points and the 

error bars (see inset) reflect the averages and standard deviations of 12 measurements (3 drops each 

measured 4 times). 
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