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1. Fitting for Determination of Thickness and Refractive Index of APTES Layer on

SPR Sensor Chips using LayerSolver Software

The thickness (d) and refractive index (n) of the material/layer on the SPR chip are 
evaluated from the shape and quantities associated with the SPR curve. Fresnel ś equa-
tions as the reflectivity of a system with multiple layers for a p-polarized light were used 

to fit the SPR spectra. In the LayerSolver software numerical iterations are carried out by 
embedded algorithms. The equations used for calculation routines are briefly described 

here [1] and require the existence of at least one layer with complex refractive index given 
as n = n + ik with the real part (n) which corresponds to the refraction of light and the 
complex coefficient k that defines the extinction or absorption of light by material (or 

layer). For practical experiments it is assumed that the surface plasmon wave vector (ksp) 
contains all the information and constants which cause the differences in the measured 

SPR spectra at different wavelengths or in different media. The SPR spectra acquired in 
one set of conditions is not accurate enough to determine the differences in n and k accu-
rately and hence only a continuum solution for ksp vector proportional to n and d is de-

ducted [1]: 

ksp∝n*d 
(1) 

To evaluate a unique solution for the interconnected n and d of the layer added on 

the SPR chip, a measurement in two different media or at multiple wavelengths is needed. 
For measurements taken at two different wavelengths, unique solution for n (wavelength 

dependent) and d can be evaluated by solving the following equations:  

ksp1∝nλ1*d (2) 

ksp2∝nλ2*d (3)
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Where ksp1, nλ1 denote the surface plasmon vector and refractive index for wavelength 1 

(λ1), while ksp2, nλ2 represent the surface plasmon vector and refractive index for wave-
length 2(λ2). For layers which absorb light, a unique solution is given for the sample layer 
in the ksp= (n+ik)*d space and two wavelengths are used to irradiate simultaneously the 

same spot at the layer deposited on the SPR chip.  
The Layersolver software uses a model that includes the optical constants (n, k) and 

thicknesses of the different layers in the sensor chip: Cr, Au and SiO2. The fitting routines 
were launched with the nominal parameters from the chip provider, and then they were 
fit to the full angle reflectogram obtained with both wavelengths from the original chip. 

The thickness of the layers to be optimized (e.g., Cr, Au, SiO2) in the model was set as 
dependent variable for the two wavelengths while optical constants were set as independ-

ent variables. Different iterations were carried out to fit the model data to the measured 
SPR curve prior to APTES functionalization obtaining layer thickness of 3, 50 and 10 nm 
for the Cr, Au and SiO2, respectively. These values were kept fixed and a new process was 

then run after APTES functionalisation leaving the refractive index as independent and 
the thickness of the APTES layer as dependent variables for the fitting of the two wave-

length reflectograms. Figure SI 1 shows the measured and the modeled SPR spectra for 
the APTES functionalized sensor chips at two wavelengths, 670 and 785 nm. The meas-
ured spectra are represented in light blue and red colors while the modeled one in dark 

blue and brown colors for the two wavelengths. For clarity, the data of the sensor chips 
before APTES functionalization (bare chip) is not shown. The final refractive index and 

thickness obtained with this method were 1.41, and 1.7 nm.  

Figure S1. Full SPR spectra after APTES silanization of the SPR sensor chips at two wavelengths, 670 and 785 nm, illus-
trating good alignment between the measured and the modeled data. The measured spectra are shown in light blue and 

red colors while the modeled one as dark blue and brown colors. 
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Figure S2. SEM pictures and the corresponding Ids vs Vds pH curves from devices 1 to 3. 

2. pH sensitivity of FinFET devices

Figure SI 2 reports SEM pictures of devices 1 to 3 with channel widths of 190, 300 and 
320 nm respectively, and their corresponding pH response of the output characteristics. 

Device 2 and 3 showed higher currents and lower current sensitivity (ΔI/I) than device 1 
owing to their bigger width.  
Figure S1 3 shows the change in VGS vs. buffer pH from the devices 1 to 3 (using squares, 

circles and triangles, respectively) measured before (SiO2) and after the APTES silaniza-
tion process (represented in black and red colours respectively). The individual VGS values 

for different buffer pH were evaluated by fixing the Ids in the transfer charac teristics and 

were subtracted with VGS for pH 3 to determine VGS change. As can be interpreted from 
the plot, the variation of VGS with buffer pH and pH sensitivity was comparable in all 

devices.  
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Figure S3. Plot showing the variation of VGS change extracted from the transfer characteristics as a function of buffer pH 
for 3 FinFETs (Ch1, 2,3) measured before (SiO2) and after the APTES silanization. The VGS change was extracted by sub-
tracting the VGS values obtained after fixing the IDS, at each buffer pH value with respect to the value at pH 3. 
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3. Ellipsometry calculations

We measured the thickness of APTES on silanized SiO2/Si chips via ellipsometry tech-

nique in order to compare it with the SPR data. Conventional Si chips with a thin layer of 
SiO2 (5 nm) were silanized using vapour-phase method as described in the main text and 

characterized using ellipsometry before and after the silanization process. We fitted the 
data using Cauchy’s model as described earlier by Munief et al. and obtained thickness of 
1.9±0.2 nm [2].  

4. Comparison of experimental βint

Figurure SI-4 shows the comparison between the experimental buffering capacitance 
(βint) obtained from the variations of the surface potential of SiO2 (in a) and the APTES 

functionalised surface (in b) in device 1. The data were obtained using equations 3, 4, and 
5 from the main text. While βint for SiO2 only has one peak corresponding to the protona-
tion of silanol groups, for APTES it has additional peaks corresponding to the protonation 

and deprotonation of amino groups.  
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Figure S4. comparison between the buffering capacitance of SiO2 (a) and the APTES functional-
ised surface in device 1. 
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