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Abstract

There is still the need for a compact and cost-effective solution for efficient light in-coupling in
integrated waveguides employed in photonic biosensors, especially when these waveguides are of
submicron dimensions and operate at visible wavelengths. The employment of a vertically stacked
taper with a larger input area is proposed to meet this need. The design of the taper is divided into two
stages: in the first stage, light is guided downwards by two vertically stacked tapers; in the second stage,
an inverted taper directly confines the light inside the waveguide. The design parameters are optimized
using commercial software, obtaining a total theoretical light coupling efficiency of 72.25%. The taper
is manufactured using SU-8 polymer as the main material, employing standard photolithography
techniques at wafer level. After characterization, the results show the practicality of the taper when
coupling light from macrometric sources to nanometric waveguides, obtaining an experimental
coupling efficiency of 55%. With this vertical taper, a compact, easy-to-couple and cost-effective
solution is achieved for waveguide-based biosensors operating at visible wavelengths, opening the way
for a truly portable point-of-care biosensor for low-cost and label-free diagnostics.

1. Introduction

Portable sensor devices have become critically important as an efficient tool for environmental and clinical
health diagnostics and monitoring. Photonic nanobiosensors based on evanescent wave sensing principles offer
ahighly sensitive and compact solution. They are shielded from electromagnetic noise and offer label-free
detection for integration into portable devices. However, these sensors usually require the coupling of visible
light from macrometric sources to submicron waveguides. Despite the best efforts of the photonics industry,
there is no compact and cost-effective solution. Moreover, these portable biosensors must be designed to be
single-use in clinical environments, making low cost and mass production key requirements.

The bimodal waveguide (BIMW) nanointerferometric biosensor presented by our group is one of the most
sensitive optical biosensors for label-free detection. It is fabricated using only standard complementary metal-
oxide-semiconductor technologies compatible with SizN, technology. In this device, light is coupled into a
single mode waveguide section (11 800 pm long), that increases its core thickness abruptly acting as a modal
splitter (from 150 nm to 340 nm thick). The modal splitter allows the propagation of only the fundamental
and the first order modes. Both modes keep traveling in the bimodal section with a sensing area as cladding
(15000 pm long) followed by a bimodal section covered by SiO, (6750 pim long); each mode reacts differently to
the same change of the refractive index in the cladding of the sensing area. After binding with bioreceptors in the
surface of the sensing area, and incorporating a microfluid for sample delivery, the device could act as a highly
sensitive and specific biosensor [ 1-3]. The scheme of the device is shown in figure 1. In order to analyze the
distribution of the electromagnetic field at the output of the sensor chip, a two-section photodiode (PD) is
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Figure 1. Scheme of a BIMW sensor. The interferometric signal Sy is reconstructed as a function of the upper and lower intensities (I,,,
and I ,,,,,) of a two-section PD placed at the ouput of the device.

located exactly at the end of the bimodal section (21 200 pm long). The intensity of the output signal will vary
vertically as a function of the dephase between both modes. The interferometric signal Sg can be calculated as:

L, — 1
Sp = up down )
Iup + Idown

where I, and I,,,,, are the intensities collected in the upper and lower parts of the two-section PD placed in
proximity to the waveguide output, respectively. The device is capable of achieving a limit of detection (LOD) in
the order of ~10~” RIU (refractive index units). This places it among the most sensitive biosensors operating
under alabel-free scheme [4, 5]. However, its integration into a full portable platform must surpass multiple
challenges. One of them is the light in-coupling into the nanometric structures. The waveguides of the BIMW
nanointerferometer must be designed at nanometric scale in order to properly guide the light at wavelengths in
the visible range (A = 660 nm) while ensuring single mode or bimodal confinement. The rib waveguide
employed in the BIMW sensor, with a core of Si3Ny (114, = 2.00) and cladding of SiO; (s = 1.46), hasa

3 pm x 150 nm input area [6]. With these dimensions, the efficient coupling of the light from a laser source
requiring the use of macrometric elements like lenses, objectives or optical fibers is a complex step.

Current solutions for light in-coupling are mainly based on grating couplers [7]. For example, there are
solutions based on subwavelength gratings [8—10], 2D arrays [11], gratings enhanced with poly-Si, metallic
reflectors [12] or mirrors [ 13], gratings built with taper shapes [14], with conical shapes [15] or with
protuberances [16], and chirped taper gratings [17]. However, due to the wavelength employed, such
gratings usually require e-beam lithography or nanoimprint lithography for the fabrication of the duty cycles
and etches at the nanometer scale, increasing the fabrication cost and time, and restricting integration at
wafer level.

Tapers have previously been proposed for the light in-coupling due to their simple manufacture; multiple
configurations and materials have been studied and fabricated, including horizontal tapers, inverted tapers
[18, 19], double tip tapers [20] and silicon-on-insulator-based tapers [21] to name a few. Their disadvantages are
the large length normally required to couple light and the small entrance area.

Asasolution to all the above drawbacks, we propose the fabrication of a two-stage vertically stacked taper
(see figure 2) as a cost-effective solution for solving the light in-coupling in a portable BIMW biosensor
device. The main conditions for this taper are: (i) it must be compact while at the same time increase the
coupling area to facilitate the light entry and (ii) it must be made of a material with a refractive index of
between 1.46 and 2.00. Moreover, the taper should be fabricated using a material compatible with standard
photolithography techniques at wafer level and with slight modification of our current BIMW fabrication
process. This will preserve the low-cost requirements by facilitating the production of thousands of devices
per wafer.

Although vertical tapers in SU-8 have been previously proposed in the near-IR range for applications in
telecommunications, their fabrication at wafer level and integration into a photonic visible biosensor have not
yet been reported [22—24]. Therefore, the design, fabrication and characterization of such an in-coupling device
in the visible range are fundamental for the development of optical biosensors and for its future integration on a
single chip.
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Figure 2. Two-staged vertical taper showing intensity distributions at the input (lower left side), at the interface between the two stages
(lower middle) and at the output (lower right side) of the device. The design involved the optimization of those variables to facilitate the
light in-coupling from optical fibers to the BIMW sensor, and the studies of tolerance to misalignments as well as coupling losses.

2. Vertical taper design and simulation

Recapping Milton and Burst’s work on tapers, we have the condition:

6 < o )
2WN

where 6 is the half angle of the taper (see figure 2), A, is the light wavelength in the vacuum, Wis the taper waist
and N,gthe effective refractive index [25]. The smaller the angle 0, the higher the effective index N, will be, and
thus more light will be guided.

Therefore, we propose a first stage made of two vertically stacked tapers with the angle of the bottom taper
smaller than the angle of the upper one, 04,,, < 0,,, resulting in alarger effective refractive index in the bottom
section, Negiown > Negup» and thus guiding light downwards. It is required then to use a material with a refractive
index value between the refractive index of the core and the refractive index of the cladding, which we will call
transitional material (Hsupsirate = Neladding < Miransitional < Meore)- I the second stage, the lower waveguide has a
rectangular shape incorporating a buried inverted taper which is in turn connected to the input of the BIMW
itself. We choose #1;,4sirionas = 1.5 for simulations, anticipating fabrication with inexpensive materials. The
proposed device and the main parameters used for the design are shown in figure 2.

2.1. Parametric design

Itis necessary to use linearly polarized light as the input signal with the aim of obtaining a clear interferometric
signal. During simulations, we assume that a quasi-transverse-electric (TE) polarized beam is used as the input
signal. Knowing that the core diameter of a single mode, polarization-maintaining (SM-PM) optical fiber is
normally4 pm, we fixw; = 5 ym only as a starting point. For simulation purposes, we define the width-to-
height ratio in a 2D analysis to ensure the light confinement of the fundamental mode across the inputs and
outputs of each stage (see figure 2): w;/(h; + h,) for the input of the left-hand side of stage 1; w,/h, for the
boundary between the right-hand side of stage 1 and the left-hand side of stage 2; and w3 = 3 pum and a height of
150 nm for the right-hand side of stage 2, matching our BIMW input dimensions. Then, a width sweep was
performed and total thickness values (h; + h,) of 6 um and 10 pm were selected, since they are feasible to
fabricate by sequential deposition of 3 um or 5 um layers. Figure 3 shows the intensity plots of the fundamental
mode in quasi-TE polarization for all the different 2D models at each of the stages. Simulations have shown that
higher-order modes would be guided across the vertical taper, but it is worth remembering that the first section
of the BIMW nanointerferometric biosensor is a single mode rib waveguide, and thus it acts like a mode filter:
only the fundamental mode is guided to the next section. Simulations performed in FIMMPROP® (Photon
Design®software) have also shown that after filtering the higher-order modes by adding a single mode
waveguide of 650 pm length at the output of the vertical taper, modal coupling efficiencies of ~12% are
calculated for the fundamental mode. The cut-off plots have shown that more modes will be guided as the width
and height increase.

The next step is to build the 3D model for propagation and then optimize its length to keep the maximum
energy confined in the shortest possible device. Table 1 shows the coupling efficiencies as a function of the length
for stage 1. Even if 99% coupling efficiency could be achieved with lengths L, larger than 1900 yum, we want to
keep the device as short as possible.
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Figure 3. Intensity plots of the quasi-TE modes in 2D at the input of stage 1(a), at the output of stage 1 /input of stage 2(b) and at the
output of stage 2(c) of the vertical taper. Even if higher-order modes are also guided, the input of the BIMW nanointerferometric
biosensor acts like a filter guiding only the fundamental mode.
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Figure 4. Filling factor value as a function of the total length (L,,,) of the whole taper.

Table 1. Coupling efficiency as a function of
thelength of stage 1 (Ly) (h; = h, = 3 pm
andw; = 10 pm).

Length [pm] Coupling efficiency [%]

150 76.1
250 90.3
300 94.5
500 98.3
1500 98.3
1971 99.1

Once the height and width parameters of stage 1 were defined, an optimization study of the filling factor as a
function of the total length, L;,, = L; + L, was performed. The filling factor is a measure of the fraction of the
mode power flux in the core guiding region as compared to the mode power flux over the whole cross-section
[26,27]. A theoretical filling factor of 100% for a given mode would mean that all the mode energy is being
guided within the waveguide cross-section area. Waveguide core filling factor values of higher than 70% could be
achieved with total length larger than 1200 pum, as shown in figure 4. The best trade-off between device length
and transmitted energy percentage is obtained with a length of L; = 330 pm for the first stage, and L, = 920 ym
for the second stage. Using these values, an efficiency of 72.25% can be obtained across the complete device
(89% for stage 1 and 87% for stage 2). The final dimensions are by = h, = 3 ym, w; = 10 um, w, = 6 um,
w3 = 3 um, L; = 330 gmand L, = 920 um, obtaining a final in-coupling area of 60 zm? for the vertical
taper input face (w; x (h; + h,)) instead of the original coupling area of only 0.45 pm?* (3 pm x 0.15 pm)
corresponding to a single mode waveguide sensor face, without any in-coupling element. It is worth mentioning
that one of the first simulation studies involved the variation of the tip width (W,;,) of the upper section of stage 1
between 0 and 1 um. A higher energy confinement was observed in the case of an edged tip (W,;, = 0). However,

4
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Figure 5. Top (a) and lateral (b) view of the proposed vertical taper (simulations were done with FIMMWAVE © using a wavelength of
660 nm). A larger tip width of the upper taper could diminish the optical efficiency causing mode vibration as observed in the lateral
view.

Table 2. Coupling efficiencies for different refractive indexes of
possible transitional materials.

Refractive index of transitional

material [RIU] Coupling efficiency [%]
1.5 96.02

1.517 96.14

1.582 97.32

1.657 97.95

1.7 98.47

1.8 NA

due to the imperfections of the photolithographic fabrication process a tip width of some microns could be
expected. Such an increase in tip width could diminish the final optical efficiency of the device and could add
mode vibrations as observed in figure 5 [22]. This figure shows the simulated energy confinement for the selected
dimensions.

Finally, in order to study the tolerance to refractive index variations of the intermediate material, a study was
completed varying the refractive index between 1.5 and 1.8 (see table 2), concluding that indexes between 1.5
and 1.7 would work effectively.

3. Fiber in-coupling simulations

In order to simulate the effects of an optical fiber being coupled by end-fire to the input and to properly compare
the taper coupling losses, all fiber optic specifications were asked of the provider (i.e. Thorlabs®) and the beam
profile reconstructed and simulated in Photon Design®. Then, there are three scenarios of possible input beams:
acollimated beam, a divergent beam and a convergent beam.

The first step was to simulate a collimated beam. To do so, a beam plane is located 1 yzm behind the focal
point. A Gaussian model with the fiber parameters previously listed was loaded. When simulating a single mode
reference, x and y (horizontal and vertical, respectively) sweeps of the fiber optic position were performed and
the output power plotted as a function of such misalignments. When using the vertical taper, there was a 2.9-fold
increase in output power as compared with that using only the single mode waveguide.

Similarly, a convergent input beam from an optical fiber was simulated by setting a beam plane located
14.48 pm ahead of the input plane and the focal point located 1.0 ;sm inside the waveguide, using a Gaussian
profile with horizontal polarization and a 1 /ebeam width of 3.22 ysm for both horizontal and vertical values. It is
worth mentioning that, since it is a convergent beam, the focal point should be located a few nanometers inside
the waveguide. In the case of a single mode waveguide, it is practically a butt coupling. However, the vertical
taper for in-coupling does not work well in this case as we can observe the loss of one order of magnitude in the
total output power. It could be the case that for butt coupling, the coupling losses are practically diminished and
itis better to have a focal point inside the SizN, (n = 2.0) than in the SU-8 (n = 1.59).

Finally, in order to simulate a divergent beam incident to the input of both, a single mode reference and a
vertical taper, abeam plane islocated 14.48 psm ahead of the input plane and the focal point set to 14.48 pm,
resulting in a divergent beam. Results from simulations have shown a two-fold increase in the total output power
when using the vertical taper as compared to the single mode waveguide only.

It is worth mentioning that even if the waveguide input area is increased 133 times when using the vertical
taper for in-coupling instead of the single mode waveguide, there is no direct linear relationship to the output
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Figure 6. Steps added at the end of the BIMW standard fabrication process for the vertical taper construction.

power increase (2.9 times). However, we should remember that the increase in the input area will help to
automate the in-coupling process for a compact and portable sensing platform.

4. Vertical taper fabrication

Due to the required taper thicknesses, it could be difficult to employ Si, poly-Si, SizN, or SiO, structures without
fracturing [28]. Such materials have a Young’s modulus of between 60 GPa and 200 GPa, becoming less elastic.
We therefore require a material capable of being processed at wafer level in clean room facilities, exhibiting good
resistance to fracture, good bonding to SiO, and Si;N,, and with a refractive index of between 1.5 and 1.7.
Moreover, the material should be processed in layers using standard lithography techniques since two levels of
vertical structure are required. It should provide good resolution and definition of the structures after etching.
On the other hand, we should be capable of keeping the remainder of the sensor unaffected in order to keep the
sensing window of the BIMW device functional. Polymers are good candidates but it is necessary to select the
right one from among the ample available options. SU-8 (SU-8 2005 permanent epoxy negative photoresist,
MicroChem®) was selected for the fabrication due to its transitional refractive index and its practicability. It has
arefractive index of 1.59 and resistance to elastic break and fracture (Young’s modulus 2.0 GPa). SU-8 has ~97%
transmittance resulting in it being practically transparent in the visible range and particularly between 600 nm
and 700 nm wavelength. Itis employed at wafer level and its thickness can be controlled and cured in layers thus,
after properly development, it can provide well-defined structures without affecting the rest of the sensor.

In order to compare the vertical tapers with other coupling structures such as horizontal tapers and single
mode waveguide and BIMW references, lithographic masks for fabrication were designed in a modular way.
Each part of the waveguide and structure was conceived as an object using GDSPy library and object-oriented
programming design in Python scripts, then the GDS mask files were generated after executing the script. The
design also includes, in the left side of the chip, a single mode waveguide and a BIMW to be employed as
references.

4.1. Fabrication process

The taper fabrication process was implemented, including the new steps, in our well-controlled manufacturing
process of BIMW sensors in our clean room facilities. Firstly, it is necessary to follow the standard fabrication of a
BiMW nanointerferometric biosensor: a 2 pm SiO; layer is thermally grown, followed by 340 nm low pressure
chemical vapor deposition of Si;N,. Then, the first photolithography step is applied using the first level mask to
reduce the single mode section of Si;N, down to 150 nm. Then a second etching process down to the Si;N, layer
(150 nm more) is applied using the second level mask to delineate the inverted taper, thus etching the whole
SizNy layer. Next, the third level mask is used to protect and build the rib patterns across the chips defining a rib
of 3.0 pm width and 2.0 nm height. Afterwards, 2 psm of SiO, is deposited by PECVD and the sensing regions are
defined with reactive-ion etching using the fourth level of the masks. To fabricate the tapers, two extra steps were
employed: deposition of 3 ym of SU-8 (spin-coated at 4500 rpm, pre-baked for 1 min at 95 °C in a hot-plate, see
figure 6(a)) and curing with the fifth level mask (25 s at 365 nm wavelength, i-line, see figure 6(b)); and the
immediate deposition of a second layer of 3 um of SU-8 (spin-coated at 4500 rpm, pre-baked for 1 min at95 °C
in a hot-plate, see figure 6(c)) and curing using the sixth level of the mask set (25 s at 365 nm wavelength, i-line).
Finally, both layers were developed to finalize the process and the wafer was post-baked for 2 min at 95 °Cina
hot-plate (see figure 6(d)). Figure 7 shows detailed microscopic photographs of different parts of the fabricated
chips. It can be observed that there is 50 m of separation between the chip edge and the beginning of the taper
in order to protect the taper during the cutting process. The SU-8 was removed from some chips in order to
expose the fabricated inverted taper. The tip width of the upper section W, is calculated to be 1.6 ym
approximately. Figure 8 shows a picture of a complete vertical taper.

6
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Figure 7. Photographs of vertically stacked tapers fabricated with SU-8. Input of the chip (a). The sharpness of the edges of the taper is
critical for the upper section of stage 1 as well as the tip width, of approximately 1.6 pm in this case (b). SU-8 was removed from some
parts of the in-coupling device to show the correct fabrication of the inverted taper: the definition of the tip (c) and the joint with the
waveguide (d).
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Figure 8. Picture of a complete vertical taper showing the lengths of stage 1 and stage 2.
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Figure 9. Scheme of the setup employed for the characterization of the vertical taper.

5. Vertical taper experimental evaluation

A schematic representation of the setup employed for the optical characterization of the fabricated tapers is
shown in figure 9. A fibered laser diode (LD), LP660-SF60, with a peak wavelength of 658 nm and an optical
power of 60 mW controlled with an ITC4005 power source through a TCLDM9 cooled mount for LDs (all of
them from Thorlabs®) is employed. The single mode fiber of the LD connects to a three-paddle polarization
controller (Thorlabs® FPC032), which is plugged into a commercial SM-PM optical fiber (P1-630PM-FC-2,
FC/PC connectors, 630 nm, PM panda style). The ferrule from the fiber output has been fixed to the fiber holder
allowing us to keep a precise control of the polarization orientation with respect to the waveguide plane. Holders
and PD positioners were made in-house. Figure 10 shows a photograph of the above described setup.

For the signal read-out, a commercial two-section $4349 PD (Hamamatsu®) is connected to a PDA200
amplifier (Thorlabs®), which is in turn digitalized through an USB6361 acquisition card (National Instruments).
In-house-developed object-oriented software in LabView® is used to acquire the data and process the difference
in intensities between the upper (I,,,) and the lower (I,,,,) quadrants in order to reconstruct the interferometric
signal of the sensor from equation (1). A commercial power meter PM120 (Thorlabs®) is used to experimentally

7
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Figure 10. Photograph of the setup employed for the characterization of the vertical tapers.

Figure 11. Lateral (a) and top (b) photographs of the light coupling in the vertical tapers from a commercial SM-PM fiber.

calculate the PD gain. Finally, an example of the direct fiber coupling with a vertically stacked taper is shown in
figure 11.

5.1. Coupling losses
Knowing the experimental gain of the PD (~0.446 A W™ '), we have calculated the output power at the exit of the
waveguides. Assuming that the total loss of power is given by LOSS 10741, (dB) = 10Log, (B P ') = Coupling
losses + Propagation losses + PD coupling losses, one could disregard the coupling losses of the read-out because
their value remains the same across experiments (the PD was the same), and the propagation losses because the
length of the device is constant. Thus, the total loss as read at the output would be approximately equal to the
coupling loss.

By comparing the difference in output power of the reference single mode waveguide (input power in quasi-
TE polarization P;,,7z = 1.13 mW, output power in quasi-TE polarization P,,,,7g = 0.246 uW, coupling
loss = 36.62 dB) and the vertical taper with single mode waveguide (P;,7x = 1.13 mW, P,,,,7x = 0.134 W,
couplingloss = 39.25 dB), we have obtained an additional couplingloss 0of 2.63 dB (55%) for the taper, which is
not far from our theoretical calculation of 1.42 dB (72%) performed at the end of section 2.1. Due to fabrication
limitations, the taper structures are not perfectly flat, and roughness could play an important role in scattering.
Scattering is obvious across the taper as seen in figure 11(a); such scattering losses could explain part of the power
loss. Additionally, as showed in figure 11(b), there is a percentage of scattering at the interface between the

8
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Figure 12. Plot of the PD current intensity (optical gain of 0.446 AW at 660 nm wavelength) as a function of the horizontal
misalignment between the optical fiber and the reference single mode waveguide (in black) and between the optical fiber and the
vertical taper (in red).

vertical taper and the single mode waveguide. Perhaps light is being radiated or reflected when passing from the
SU-8 rectangular waveguide at the last part of stage 2 of the vertical taper to the SiO, and Si;N, waveguide.

5.2. Coupling tolerance to misalignments

Itis remarkable that thanks to the increase in the in-coupling area, the light coupling using a commercial optical
fiber was done in a much simpler and faster way as compared to coupling by end-fire. A sweep in the horizontal
alignment was performed to experimentally quantify the improvement. The fiber was positioned in the vertical
taper in-coupling area where the maximum output power was obtained. From there, 1 um steps were taken in
each direction while recording the intensity reported by the PD current. A similar experiment was performed
using a reference single mode waveguide directly coupled by the light from a fiber. It is worth mentioning that,
since itis an interferometric signal calculated as relative to the total intensity, it would be possible to perform
interferometric detections as long as the signal is 3 dB above the noise level.

We define the acceptance waist as the range of tolerance to misalignments in which there is still sufficient
intensity to perform an interferometric detection (i.e. 3 dB above the noise level). Figure 12 shows an acceptance
waist of 8 um when coupling to the reference single mode waveguide by end-fire (black dots, i.e. without vertical
taper). Meanwhile, the vertical taper has an acceptance waist of 38 pum, as shown by the red plotin figure 12,
when using the same end-fire method. This represents an increase of 4.75 times in coupling tolerance to
misalignments in the horizontal axis. With these alignment tolerances, it would be possible to automate the in-
coupling mechanisms in order to use disposable sensor cartridges in a portable platform. A static fiber source
with polarized light could focus the light to the input of the vertical taper on the sensor chips which in turn could
be correctly positioned through alignment marks between the disposable cartridge and the mechanical holder.

On the other hand, there is no reported improvement in terms of total output power or tolerance to vertical
misalignments, as observed in figure 13. In this case, a vertical sweep with steps of 1 ym was performed
experimentally and the PD current intensity recorded and plotted. Both curves have similar waists and peaks
(~3 pm). As shown in the previous simulations, the advantages of the vertical taper could apply when using
collimated or divergent beams as in our case.

5.3.Sensor calibration
As aproof of concept of the performance of the vertical taper approach, we have done a refractive index
calibration of the BIMW sensor device. This type of calibration is normally employed for evanescent wave
sensors to gain an initial insight into their sensitivity performance in bulk. In the case of the BIMW sensors with
standard end-fire coupling, we have previously reported a LOD of 2 x 10~7 RIU by using this refractive index
calibration approach. A calibration curve was obtained injecting four different concentrations of HCI (0.5 M,
0.25M,0.15Mand 0.1 M at 30 pl minfl), which correspond to minute variations of the refractive index over
the sensing window (see figure 14 and table 3).

Computing and plotting the phase shift corresponding to each refractive index difference will provide us
with the calibration plot. The slope of this plot corresponds to the bulk sensitivity Sy, intrinsic to the sensor,
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Figure 13. PD current intensity as a function of the vertical misalignment between the optical fiber and the reference single mode
waveguide (in black) and between the optical fiber and the vertical taper (in red).
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whichis 2150 - 2 rad RIU”'. ALOD 0f 2.98 x 10~ °RIU is calculated for a system baseline noise of 0.1282%
and visibility of 15%. There is a loss of one order of magnitude in the LOD when comparing the BIMW sensor

coupled by end-fire to the vertical taper plus BIMW sensor. We could attribute this decrease to the presence of
SU-8 debris in the sensing window which could have diminished the index contrast between the cladding and

the core and, consequently, the visibility of both modes. Nevertheless, the LOD is of the same order of
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Table 3 Refractive index difference from deionized H,O
(nH,0 = 1.3332) to different dilutions of HCl and the corresponding

phase shift.

HCl concentration Refractive index Phase shift
[Molar] difference [RIU] [27 rad]
0.5 0.051 9.38
0.25 0.002 84 4.84
0.15 0.002 02 2.60
0.1 0.001 54 1.72

magnitude as that reported in most state-of-the-art evanescent wave sensors. On the other hand, the possibility
of using commercial SM-PM fiber optics to couple directly to the BIMW biosensor opens the possibility of
automation and further point-of-care integration of BIMW technology.

6. Conclusions

Alow-cost taper solution made out of SU-8 polymer for coupling visible light into nanometric Si;N, photonic
waveguides has been designed, simulated, fabricated and tested. Via simulations, it was foreseen that the vertical
taper solution would be effective when coupling collimated or divergent beams. Besides, a 4.75-fold increase in
the horizontal tolerance to misalignment has been proved, paving the way for automated coupling mechanisms.
Moreover, SU-8 has been employed for fabrication at wafer level allowing mass production, low cost and fast
fabrication, by employing standard microelectronics technology and adding only three extra photolithographic
mask levels to the current fabrication process of the BIMW. As a proof of concept, a calibration curve was
calculated showing a bulk sensitivity of 2150 - 2 rad RIU”'andaLOD 0f2.98 x 10~ ° RIU, which are very
competitive values as compared to the state-of-the-art in evanescent wave sensing. This way, larger macrometric
light sources could be more easily in-coupled, paving the way towards an automated in-coupling mechanism for
portable biosensor analyzers.
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