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Abstract
The incorporation of biomacromolecules onto silicon waveguiding microstructures constitutes a growing trend that pushes 
towards compact and miniaturized biosensing systems. This paper presents the integration of one-dimensional periodic 
nanostructures of proteins on the surface of micrometric silicon waveguides for transducing binding events between 
biomacromolecules. The study demonstrates this new bioanalytical principle by experimental results and theoretical 
calculations, and proves that rib waveguides (1-–1.6-µm width) together with protein gratings (495-–515-nm period) display 
suitable spectral responses for this optical biosensing system. Protein assemblies of bovine serum albumin are fabricated on 
the surface of silicon nitride waveguides, characterized by electron microscopy, and their response is measured by optical 
frequency domain reflectometry along the fabrication process and the subsequent stages of the biorecognition assays. 
Detection and quantification limits of 0.3 and 3.7 µg·mL−1, respectively, of specific antibodies are inferred from experimental 
dose–response curves. Among other interesting features, the results of this study point towards new miniaturized and 
integrated sensors for label-free bioanalysis.

Keywords  Diffraction · Biosensor · Label-free · Immunoassay · Optical frequency domain reflectometry · Lab on a chip · 
Micrometric silicon waveguides

Introduction

Tailoring micro/nano-structured materials for biochemical 
analysis points towards the development of miniaturized and 
integrated biosensors capable of providing unique analytical 
solutions [1–7]. With the increasing demand for portable, 

miniaturized, and integrated biosensors, the incorporation 
of biomacromolecules onto silicon-based waveguides has 
emerged as a paradigmatic approach [8–11]. These silicon-
based waveguides are designed to guide electromagnetic 
waves through their core, with a part of the light interacting 
with biorecognition assays arranged on the surface of the 
guides. This strategy has witnessed significant scientific 
activity in recent years, with several flagship examples such 
as ring resonators, Mach–Zehnder interferometers, and 
Young interferometers [12–14].

A key challenge in this field relies on discovering and 
implementing new light-mater interaction phenomena 
that enable to transform recognition events between 
biomolecules into measurable signals. The impact of these 
findings is nowadays greatly supported by the advances on 
active and passive waveguiding materials, together with 
their combination to conceive integrated optical devices. 
This aspect paves the way for prospective biosensors 
that incorporate all the sensing elements (light sources, 
waveguides, detectors, etc.) in a monolithic chip [15–19].
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In this study, the focus is placed on the implementation 
of one-dimensional periodic assemblies of proteins on the 
surface of micrometric silicon waveguides for transducing 
immunoassays (Fig. 1). This biosensing approach relies on 
gratings of biomolecules tailored to diffract incident light 
beams. When samples are incubated on these gratings, the 
patterned biomolecules bind their target molecules present 
in the sample, which increases the amount of matter that 
conforms the grating and the intensity of the diffracted sig-
nal becomes greater. As a result, the concentration of the 
target compound can be quantified in label-free conditions 
by means of the intensity of the diffracted signal. These 
biomolecular gratings can be patterned on solid substrates 
and irradiated with laser beams, thus using the intensity of 
the diffracted beams as analytical signal. This free-space 
diffractive strategy is a powerful label-free technique for 
biosensing, compatible with simple instrumentation, which 
has been successfully implemented for the detection of anti-
bodies [20], proteins [21], and low-molecular weight organic 
compounds [22] among other targets.

One step beyond in these biosensors rely on patterning the 
biomolecular gratings on the surface of waveguiding mate-
rials, where the diffractive event takes place between the 
grating and the guided light. This approximation has been 
performed on slabs of tantalum pentoxide as waveguides 
with biomolecular gratings on their surface, which couple 
out part of the guided light as a response of the biomolecular 
assay. Among other strengths, this approach has been mate-
rialized in benchtop devices with great multiplexing pos-
sibilities [23, 24]. These diffractive gratings biomolecules 

have also been implemented on optical fibers to transduce 
biorecognition events, being in this case both the incident 
light and the diffracted response propagated within the fiber 
[25]. Compared with other bioanalytical developments based 
on fibber Bragg gratings in the state-of-the-art [26–28], the 
Bragg grating in this new approximation is not etched in 
the core of the fiber, but it is constituted by the bioreceptors 
themselves patterned on the fiber. After preliminary insights 
into tapered optical fibers [25], the present study introduces 
these biomolecular Bragg gratings (BBGs) on photonic cir-
cuits (Fig. 1). An appealing feature of biosensing systems 
based on these diffractive gratings of biomolecules over 
other label-free methods relies on their capability to avoid 
signal contributions from non-specific binding [29]. This is 
an important advantage that point towards the direct analysis 
of unprocessed biological samples, as demonstrated in pre-
vious investigations [23, 25, 30]. The first implementation 
of this biosensing principle on photonic integrated circuits 
is herein reported, which provide insigths into additional 
benefits of this diffractive biosensors in terms of integration 
and miniaturization.

This paper investigates these new optical materials for 
biosensing through both experimental results and theoretical 
calculations, examines the role of the main variables involved, 
and addresses the fabrication and characterization of the 
patterned biolayers. The paper also offers a perspective on 
the possibilities of Optical Frequency Domain Reflectometry 
(OFDR) for biosensing, and illustrates the bioanalytical 
potential of the approach through a model immunoassay to 
quantify antibodies in a label-free conditions.
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Fig. 1   General scheme of this biosensing principle based on periodic 
nanostructures of bioreceptors (BBGs) patterned on the surface of 
integrated waveguides. (A) Fabrication of protein gratings by micro-

contact printing on the waveguides, (B) photonic sensing device, and 
(C) the resulting optical signals
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Experimental section

Electromagnetic simulations

Electromagnetic simulations to calculate the optical response 
of the system were carried out by means of finite difference 
method in the Quasi TE & TM approach, implemented on 
Matlab™ [31, 32]. The electromagnetic field distribution 
results were validated with commercial software MODE 
Lumerical (Finite Difference Eigenmode). The overlapping 
integrals (i.e. proportion of the total field interacting with 
the Bragg perturbation) were calculated from the obtained 
field distribution over the complete waveguide and compared 
with the field localized onto the BBG area. The conditions 
and the parameters of the waveguides that were employed 
for the simulations are represented in Figure S1. A refractive 
index of 1.43 was considered for the protein biolayers [33].

Waveguide fabrication

The fabrication process starts by growing a 2.5-μm-thick 
SiO2 buffer by thermal oxidation of a Si wafer of 100 mm (4 
in). Following, a 300-nm layer of Si3N4 is deposited by low-
pressure chemical vapour deposition. In the next step, the 
waveguide cross-sections are patterned by photo-lithography 
employing an i-line stepper, whose minimum feature size is 
500 nm. Afterwards, the definition of the core cross section 
is accomplished by reactive ion etching of the silicon nitride 
film. Lastly, a SiO2 cladding of 2-μm thickness is deposited 
by means of plasma enhanced chemical vapour deposition, 
whereby the guides are fully defined. After the waveguide 
fabrication steps, air wells (trenches) are created by selec-
tively etching away the cladding oxide, where the waveguide 
core becomes in direct contact with the surrounding media 
(Figure S2) [34].

Fabrication of the BBGs

Nanogrooved microcontact printing stamps were created 
by dispensing a mixture of polydimethylsiloxane (PDMS) 
monomer and curing agent (10:1 w/w) onto the structured 
side of a silicon master (period 416 nm, 100-nm groove 
depth, and duty cycle 50%). Next, the mixture was degassed 
in a vacuum chamber for 30 min, and cured overnight at 
60°C. Thereafter, the polymerized PDMS was peeled off 
from the master and chopped into squared pieces (2 × 2 
mm). The resulting stamps were sonicated three times for 
5 min in ethanol (30% in MilliQ water) and air dried before 
use (see Figure S3 for a FESEM characterization of the 
stamp surface). Then, a solution of 250 µg·mL−1 of bovine 
serum albumin (BSA) in sodium phosphate buffer (8 mM 
Na2HPO4, 2 mM KH2PO4, 137 mM NaCl, 2.7 mM KCl, 
milliQ water, pH 7.4) was incubated onto the structured side 

of the stamps for 160 min at room temperature. Next, the 
stamps were cleaned with milliQ water and air dried. Then, 
the structured side of the stamp was placed in contact with 
the silicon photonic platform for 20 min to transfer the BSA 
proteins to the top surface of the waveguides. This stamp-
ing step was performed using a custom mechanical setup to 
apply a controlled and reproducible stamping pressure (Fig-
ure S4) to overcome the trench and reach the waveguide sur-
face (Figure S5). Finally, the stamps were removed and the 
waveguides with the patterned BBGs were rinsed with PBST 
(sodium phosphate buffer with polysorbate 20 at 0.05% v/v) 
and water, and air dried.

Characterization of the BBGs

The structural characterization of the BBGs was per-
formed by Field Emission Scanning Electron Microscopy 
(FESEM, ZEISS ULTRA-55 microscope, ZEISS, Oxford 
Instruments). The period of the structures was calculated 
as the sum of the average width of the protein strips and the 
average width of the gaps between them, measured form 
the FESEM images. The duty cycle was calculated as the 
average width of the protein strips divided by the period and 
multiplied by 100.

Optical frequency domain reflectometry

For the optical measurements of the BBGs, light from a 
tunable infrared laser (1500–1600 nm) was coupled into 
the waveguides through the facets using lensed optical 
fiber pigtails, and the reflected signal was acquired with 
an optical spectrum analyzer. The optical response in both 
space and spectral domains was aquired and analyzed by 
Optical Frequency Domain Reflectometry (OFDR) [35]. As 

Fig. 2   Scheme of the optical setup employed to perform the OFDR 
measurements. TL:  tunable laser, DUT: device under test (Si3N4 
chip), PBS: polarization beam splitter, DAQ: digital acquisition card
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illustrated in Figure S6, the setup for OFDR measurements is 
composed of two imbalanced Mach–Zehnder interferometers 
(MZI) in standard single-mode fibre, connected in parallel 
and fed by a scanning tunable laser (10 mW along 
1490–1650 nm, Yenista TUNICs T100R). The lower MZI 
in Fig. 2 is employed as triggering, since the response of 
the upper MZI is resampled (offline) by points provided 
by the triggering MZI interferogram. This ensures that the 
response of the upper MZI is self-referenced against possible 
nonlinearities of the continuous scan of the tunable laser. 
Finally, the signals are collected by a digital acquisition card 
(National Instruments USB-6259).

Time/distance event information is a key OFDR feature 
since it allows to eliminate spurious reflections in the facets 
and unwanted transitions along the photonic path, and most 
importantly, to focus onto the BBG interaction range as indi-
cated in Fig. 1. The time/distance events of the protein pat-
terns (amplitude and phase) are isolated by applying the 
inverse fast Fourier transform to the interferogram. Once 
isolated, the BBG regions of the OFDR spectra were con-
verted to the spectral domain in the logarithmic scale. The 
equivalence between logarithmic and linear scale was 
dB = 10 ⋅ log10

(

P1

P0

)

, where dB is the value of the power in 
logarithmic scale, P1 is the intensity level in linear scale, and 
P0 is the reference power level of the employed optical instru-
mentation. Then, the reflection peaks in the linear scale were 
integrated to provide the overall reflectivity of the BBG.

Immunoassays

To perform the biorecognition assays, solutions of antiBSA 
specific IgG (0–100 µg·mL−1) in PBST were incubated onto 
the BBGs. After 20 min of incubation, the photonic plat-
forms were rinsed with PBST and milliQ water and air dried. 
A scheme of the overall process is illustrated in Fig. 1 A.

To quantify the experimental sensitivity, ten replicates 
of blank samples (0 µg·mL−1 of IgG) were measured to 
calculate the mean value (Mblank) and the standard deviation 
(SDblank) of this set of ten reflectivity signals. The limit of 
detection was considered as the concentration obtained by 
interpolaint the signal value of Mblank + 3·SDblank in the 
sigmoidal fitting of the dose–response curve. The same 
appproach was used to determine the limit of quantification 
but interpolating Mblank + 10·SDblank in this case.

Regeneration

To regenerate the waveguides after performing immunoas-
says on patterned BBGs of proteins, the silicon chips were 
sonicated for 10 min in a mixture of H2O2 (30%)/NH4OH 
(32%)/H2O (1:1:2). The process was repeated three times, 
and then the chips were rinsed with milliQ water. Finally, 

substrates were sonicated for 5 min in milliQ water, and 
dried under a stream of air. A FESEM image of a waveguide 
with a patterned BBG and its reflection spectra before and 
after performing the regeneration are shown in Figure S6. 
The experiments reported in this paper were performed with 
chips regenerated up to 10 times, where chips with differ-
ent regeneration cyles were used indistinctally along study, 
obtaining the consistetent results discussed above.

Results and discussion

Detection principle

The detection principle behind this approach relies on peri-
odic nanostructures of bioreceptors patterned on the surface 
of integrated waveguides. These nanostructures are consti-
tuted by periodic strips of proteins and empty gaps between 
them, and the periods of these patterns are tailored to act as 
Bragg gratings that interact with the evanescent field of the 
light propagated through the waveguide. As schematized in 
Fig. 1, this diffractive light-matter interaction reflects part of 
the guided light, which remains guided and displays a peak in 
the reflection spectrum. When samples are incubated on the 
photonic chips, the patterned protein probes bind their target 
molecules present in the sample, which increases the periodic 
refractive index modulation that conforms the grating and the 
reflected light becomes enhanced. As a result, the concentra-
tion of target molecules in solution can be quantified, in label-
free conditions, through the intensity of the reflected peak.

To experimentally measure the response of the immuno-
assays taking place in the biomolecular gratings, the opti-
cal signals were collected and processed by Optical Fre-
quency Domain Reflectometry (OFDR) [35, 36]. OFDR is 
a powerful interrogation technique for sensing [36], which 
relies on an interferometric setup that allows to determine 
the longitudinal position at which each reflective event 
takes place within the waveguide (Figure S6). Nonethe-
less, OFDR remains unexplored for biosensing. To the best 
of our knowledge, only one recent study reports its use in 
biosensing [37], and OFDR has never been combined with 
Bragg gratings for bioanalytical purposes as herein.

Combining OFDR and protein gratings provides 
simultaneous information on both the position of the pro-
tein gratings distributed along the waveguide as well as 
their spectral response (Fig. 1C). Using both parameters 
together enable a fine selection of the analytical signal and 
a rich characterization of the system. On the one hand, 
for the measurements in this work, light from a tunable 
infrared laser (1500–1600 nm) was coupled into the wave-
guides through their facets (Fig. 1B), and the reflection 
generated by the in and out facets is much more intense 
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than that for the protein gratings. Using OFDR together 
with the protein gratings conveniently allows to identify 
the diffracted peak of the patterned biorecognition assays 
and to discriminate it from the background signal coming 
from the facets (Fig. 1C). On the other hand, this OFDR 
implementation introduces appealing multiplexing per-
spectives for biosensing in distributed waveguides [36].

Theoretical calculations

The light-matter interaction phenomena projected in 
this investigation requires a suitable contribution of light 

propagating through the top surface of the guide, on 
which the patterned protein biolayers are placed. Photonic 
circuits constituted by rib waveguides of silicon nitride 
with a fixed thickness of 300 nm and widths from 1.0 to 
1.6 µm are herein assessed, and the results (Fig. 3A and 
Figure S1) indicate that an important part of the fundamental 
mode propagates through the top surface of these planar 
waveguides. As observed in Fig. 3 B, the magnitude of 
this evanescent field decreases with the waveguide width 
and slightly increases with the wavelength, reaching about 
13.5% of the total field intensity of the guided mode for 1 µm 
waveguides at λ = 1550 nm, which supports the capability of 

Fig. 3   Results of the theoretical calculations. A Spatial distribution 
of the field intensity (fundamental mode, λ = 1550 nm) for different 
waveguide widths. B Fraction of light power of the evanescent field 
in the external medium (air) for different waveguide widths and input 
wavelengths. C Fraction of light power in the evanescent field within 
two different thicknesses of protein layers on the top surface of the 

guide, for different waveguide widths (color code in B) and wave-
lengths. D Effective refractive indexes for a range of guided wave-
lengths and waveguide widths (solid lines, color code in B), together 
with the BBG periods that meet the Bragg equation at each condition 
(dashed lines)
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these waveguides to sense interactions within the evanescent 
field.

The power fraction of the guided mode for protein bio-
layers was also calculated for different waveguide widths. 
As shown in Fig. 3 C, the intensity of the evanescent field 
contained within different biolayer thicknesses on the top of 
the waveguide increases together with this thickness. This 
calculation includes a common value for a protein monolayer 
(2 nm) and a typical thickness after a subsequent binding of 
specific antibodies (14 nm), and the result suggests a suit-
able distribution of energy to sense changes in the biolayer 
thicknesses induced by biorecognition events. It can also be 
observed that the power fraction slightly increases together 
with the waveguide width. The guided mode is less confined 
and expands vertically (Fig. 3B) when this width decreases, 
which distributes the transverse profile of the guided mode 
in a broader area, and the amount of available energy in a 
thin layer becomes reduced.

The width of the waveguides also determines the grat-
ing periods that meet the Bragg condition and the spec-
tral response of the patterned biolayers. Figure 3 D shows 
the simulated values of the effective refractive index as 
a function of the guided wavelength and the waveguide 
width (solid lines). The Bragg condition is satisfied by 
�B = 2neff ⋅ Λ , where neff  is the effective refractive index 
and Λ is the Bragg period. Note that neff  also depends on 
the wavelength and the Bragg condition is expressed as 
�B∕2Λ = neff ,�B . In the figure, the left side of the equation is 
represented for different Bragg periods (dashed lines), and 
the crossing points between the two sets of curves indicate 
the corresponding �B values. As shown in Fig. 3 D, within 
the expected range of effective refractive index for these 
structures surrounded by air [38], grating periods from 495 
to 525 nm display an appropriate response for the spectral 
window of the standard near-infrared analyzers typically 
employed for these waveguides.

Fabrication and characterization

The optical waveguides for this investigation were fabricated 
by standard photolithographic procedures. A silica cladding 
is included at the edges of the chip to meet the light coupling 
conditions, and the top surface of the guides is uncovered for 
patterning the protein BBGs on them and for the subsequent 
incubation of samples (Figures S2 and S5).

In this study, the BBGs were patterned on the guides by 
microcontact printing. This is a versatile technique based 
on creating stamps of polydimethylsiloxane by replica 
molding from a master structure, inking biomacromole-
cules on the stamps, and then transferring them onto solid 
surfaces by stamping (Fig. 1A) [22, 39, 40]. As shown in 
Fig. 4 A, this approach provides periodic protein nano-
structures onto the top surface of the waveguides, defined 

by a period of 415.6 ± 2.4 nm and a duty cycle of 48 ± 5%. 
This characterization also suggests an accumulation of bio-
logical matter onto the strips of the protein nanostructures 
after incubating specific IgG targets (Fig. 4A iii), which 
indicates that the patterning process keeps the functional-
ity of the binding sites of the patterned proteins. It is also 
worth mentioning that the flexibility of the polydimethyl-
siloxane allows it to overcome the height of the cladding 
and to reach the top surface of the waveguide for a suitable 
protein transfer (Figure S5), which means an interesting 
new insight into the versatility of microcontact printing to 
pattern biomolecules.

As commented above, the optical response of the biosensor 
depends on the period of the BBG, and this parameter was 
adjusted by controlling the angle between the grooved relief 
of the stamp and the longitudinal direction of the guide in 
the stamping stage (Figures  S4, S5, S7, and Table  S1). 
Patterning different periods by microcontact printing enables 
tuning the wavelength of the reflection peak without requiring 
additional master structures. As observed in Fig. 4 B (see also 
Figures S8–S11), the resulting period scales exponentially 
with the stamping angle. Stamping angles between 32° and 
38.6° yield protein grating periods whose reflection peak 
falls within the spectral window selected from the theoretical 
calculations (490–530 nm, Fig. 3C) for these waveguides 
(Table S1).

Optical response

To prove the concept, the optical response of the protein 
nanostructures was measured at each step of the BBG 
fabrication and after incubating a selective antibody [30], 
using a representative model immunoassay based on BSA 
probes and antiBSA IgGs as targets. These rersults are 
presented in Fig. 5A, where the higher reflection peaks 
observed at 0 and 5 mm correspond to the facets and 
the less intense peaks at 1 and 4 mm correspond to the 
cladding transitions of the trench. As expected for the 
raw waveguides without protein gratings, no signals are 
observed between the two peaks of the cladding transi-
tions (BBG region) neither in the spatial domain nor in the 
spectral domain data. After stamping the protein BBGs, 
the amplitude signal increases in the central part of the 
spatial domain data (BBG region, see also Figure S12) 
and a reflection peak appears in the spectral domain at 
1578 nm. This reflection peak meets the Bragg condi-
tion for a BBG period of 525 nm and corroborates the 
patterned transfer of proteins to the waveguide surface 
(Table S1). Finally, the incubation of specific IgG (100 
µg·mL−1) displays an enhancement of about one order of 
magnitude in the reflection peak of the spectral domain, 
which is not observed after incubating only buffer solu-
tion (Figure S13). Togheter with the previous FESEM 
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characterizarion, these results indicate that the biomo-
lecular gratings are functional and demonstrate the initial 
hypothesis of this new photonic principle for biosensing.

Then, it was explored and compared the experimental 
response of the BBGs on waveguides of different widths. 
As observed in Fig. 5 B, the position of this reflection 
peak shifts to higher wavelengths with increasing 
waveguide widths, and this trend follows the cosine 
response predicted by the simulations. The experimental 
BBG peaks for 1.4- and 1.6-µm waveguides fall outside 
the measuring window of the employed OFDR analyzer 
(1525–1610 nm), and the reflection peak for 1- and 1.2-µm 
waveguide widths appear within this range. In particular, 
the BBG peak of the protein gratings in 1 µm waveguides 

is centred in the measuring window (1568 nm), and these 
waveguides were selected for the subsequent experimental 
assessment of the label-free biosensing capabilities of this 
approach (Table S1).

Immunosensing and analytical features

BBGs of BSA probes were patterned on a set of chips 
and incubated with increasing concentrations of specific 
antiBSA IgG targets in buffer to perform an experimental 
dose–response curve. The difference in the area of the reflec-
tion peak before and after incubating specific targets was 
employed as the analytical signal, since it represents the 
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Fig. 5   A Reflection spectra processed by OFDR in the (i) spatial and 
(ii) spectral domains. The optical measurements were performed 
before and after patterning BBGs of BSA proteins onto a 1 µm wave-
guide and after incubating a solution of specific antiBSA IgG targets 
(100 µg·mL−1). B Position of the reflected peak for each waveguide 
width. The black line represents the simulated trend, and the blue dots 
show the experimental results obtained with protein BBGs (period of 

525 nm) patterned on waveguides of different widths. C Experimen-
tal dose–response immunoassay curve fitted to a sigmoidal (logistic 
4-parameter) regression. The experimental parameters of the sigmoi-
dal fitting are indicated within the graph. Three replicate measure-
ments were performed for each concentration. The right axis indicates 
the signal normalized in percentage, using the reflectivity the reflec-
tivity obtained after the incubation of 100 µg/mL of IgG as reference
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overall change of the reflected power. As shown in Fig. 5 
C, the enhancement of the peak reflectivity is proportional 
to the concentration of targets and correlates well with a 
4-parameter logistic curve. Relative standard deviations 
in the reflectivity signal within the 15–20% range are dis-
played by the higher IgG concentrations measured in this 
experiment. From this dose–response curve, an experimen-
tal detection limit of 0.3 µg·mL−1 and quantification limit 
of 3.7 µg·mL−1 of specific IgG were inferred. Those are 
promising values, especially considering that it is a label-
free system and that this is the first demonstration of this 
transduction mechanism in integrated waveguides. Another 
interesting aspect to highlight is the possibility to regenerate 
the waveguides for performing further experiments on them 
(Figure S6). This regeneration is a valuable advantage to 
simplify and minimize the costs and ecological fingerprint 
of prospective research and development activities for BBG-
based systems as well as for other photonic biosensors.

Future perspectives

The outcome of this investigation suggests future innova-
tions for the monolithic integration of active components 
(light sources, detectors, etc.) in silicon-based waveguides 
with BBGs, to conceive fully integrated photonic devices 
for point-of-care biosensing [41]. Along these lines, other 
advances on patterning biolayers on surfaces may be com-
patible with this BBG concept and support its scope [20, 30, 
42]. Also, the easy tunability of the BBG peak as well as the 
OFDR interrogation introduces great possibilities to perform 
and quantify multiple assays in a single analysis [25]. Regard-
ing OFDR, this feature comes from the capability of this 
interrogation technique to easily discrimante and quantify 
reflective signals generated at different positions along a sin-
gle waveguide. Therefore, this capability introduces appeal-
ing multiplexing perspectives by distributing manny assays 
in each waveguide of a photonic chip containing hundreds 
of waveguides. Besides, transducing biorecognition events 
using diffractive biological gratings entails a unique potential 
to avoid signal contributions from non-specific bindings [23, 
30]. In general, all these advantages together point towards 
label-free biosensors, capable of performing and measuring 
many assays in a single integrated and miniaturized chip, and 
solving non-specific binding issues in the direct analysis of 
untreated biological samples.

Conclusions

This study showcases this novel diffractive biosensing 
principle on photonic integrated waveguiding platforms. 
It also confirms the capability of microcontact printing 

to create patterns of biomacromolecules onto rib 
waveguides, preserving their binding functionality, 
overcoming the height step introduced by the cladding 
trench, and tunning the optical response of the biosensor 
by just controlling the stamping angle. The experimental 
results with a model immunoassay demonstates that the 
intensity of the reflection peak from protein gratings after 
interacting with specific IgGs follows the characteristic 
dose–response behavior for quantitative biosensing 
systems. This study charts a promising path for the 
advancement of these diffractive biosensors and points 
towards miniaturized photonic devices for the direct 
analysis of samples.
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