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ABSTRACT

In this work, a cost-effective optofluidic system is propossed and preliminary experimental results are presented.
A microfluidic channel monolithically integrated into a photonic integrated circuit technology is used in conjunc-
tion with a cyclo-olefin copolymer (COC) substrate to provide fluidic in- and output ports. We report on initial
experimental results as well as on the simple and cost-effective fabrication of this optofluidic system by means
of micro-milling.
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1. INTRODUCTION

Silicon photonic biosensors in a photonic integrated circuit (PIC) technology using silicon-on-insulator wafer
provide a scalable platform for label-free sensing of various substances' as well as temperature sensing.? Recent
advances in the design of sub-wavelength grating waveguides® and coherent phase detection* have led to a high
sensitivity and demonstrate their high performance.

Since scalable on-chip light sources are still not available through open-access silicon photonics platforms,’
an external light source is required. In order to use an external light source like a tunable laser or a super
luminescence diode, the photonic sensor can be integrated in conjunction with grating coupler for an effective
fiber-to-chip light coupling.® At the same time, a photodiode can be integrated directly on the same chip. In
this case, the photodiode requires electrical connection, which can be realized by wire bonding.

As a consequence, the main challenge of photonic biosensors lies in the monolithic integration of grating
coupler, photodiode and microfluidics. All three components are placed on the same side of the chip, occupying
a relatively large area, which increases fabrication costs drastically. This leaves the high potential of silicon
photonic sensors unleashed.

To overcome this issue, we propose and investigate a cost-effective optofluidic system by integrating mono-
lithically a microfluidic channel into a PIC technology in conjunction with a easy to fabricate microfluidic
interconnection, consisting of a cyclo-olefin copolymer (COC) substrate.
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2. EXPERIMENTAL RESULTS

The fabrication of the photonic biosensor is realized on a 200 mm silicon-on-insulator technology platform. While
the photonic biosensor is structured from the top of the wafer, the microfluidic channel is locally introduced by
a backside release process using a combination of dry and wet etching. For the local-backside-etching of the
760 pm thick silicon substrate a deep reactive ion etching (DRIE) process in conjunction with a hard mask was
used with a very high selectivity of silicon dioxide to silicon (selectivity SiO2:Si of 1:200). This guarantees a very
controlled stop on the buried oxide (BOX). We chose a combination of RIE and wet etching to remove the BOX
because the waveguide structures could be damaged if only RIE. Drawback of a pure chemical wet etching is an
extended process time due to low etch rates of the BOX. Figure la shows a fabricated photonic sensor-chip. A
comprehensive description of the fabrication process can be found elsewhere.”

(d)

Figure 1. (a) Photonic sensor-chips fabricated in a PIC technology. (¢) A row of COC substrates fabricated by means
of micro-milling. (d) Photonic sensor-chip packaged with COC substrate and PEEK capillary tubes. (An additional
handling substrate is used to be compatible with an existing sample holder.)

Additionally, the presented approach allows a separation of the microfluidic from the optical interconnections.
Here, fiber-to-chip light coupling is used on the top side of the sensor chip, and a microfluidic interconnection
formed by two holes in a COC substrate is employed on the backside of the chip, where each hole is in conjunction
with a polyether ether ketone (PEEK) capillary tube. This microfluidic interconnection as well as a recess for
a precise placement of the sensor-chip is realized by means of micro-milling, having a repeatability below 1 um.
This fabrication enables a mass production and a row of fabricated COC substrates is shown in Figure 1b. Figure
1c shows a single COC substrate with photonic chip, while Figure 1d shows a fully packaged photonic sensor-chip
including a carrier substrate. In Figure 2, a schematic view of the COC substrate and a microscopic picture of
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the in- and outlet is shown.

A photonic biosensor based on a silicon micro-ring resonator is employed. In particular, we use a hybrid-
waveguide ring resonator, consisting of a rib waveguide and a partially on a slot waveguide. To test the viability
of the fabricated photonic sensor, we perform a homogeneous sensing experiment to evaluate the sensitivity.
For our experimental investigations, we used NaCl in deionized water at various weight percentages in order to
evaluate the sensitivity. Developing application-specific sensors is typically a balancing act between sensitivity
and optical losses traded off against each other within the limitations of the present fabrication flow. On the
one hand, narrowing the line width (FWHM) reduces the detection limit. This can be achieved by lowering
optical losses within the ring resonator. On the other hand, lower losses are primary observed through strong
confinement inside the silicon waveguide, which leads to a lower interaction with the fluid. As a consequence,
the ring resonator sensitivity is reduced at the same time.

microfluidic channel

recess

Figure 2. (a) Schematic view of the COC substrate with recess for the sensor-chip. (b) Microscopic picture of the in-
and outlet as well as the microfluidic channel.

One strategy to find a trade-off is the use of a partially slotted ring resonator.'® This approach combines
a rib waveguide with a slot waveguide.!! The slot waveguide exhibits higher optical losses, which are caused
by random line-edge sidewall roughness scattering. However, its high sensitivity makes it suitable for sensing
applications.'? Here, we use a rib waveguide and a strip-loaded slot waveguide, as it is usually use in silicon-
organic hybrid photonics.'®* The strip-loads are usually used for electro-optical modulators® 6 but here we
use them as etch stop.

As proof on concept, we used NaCl dispersed in DI water at different weight percentages. The refractive
index ny of the NaCl solved in DI water at a wavelength of 1550 nm can be calculated by

C(wt%)

ny(wi%) = 1.3105 + 017151 x ==, (1)

where C(wt%) represents the concentration in weight percentage.'™'® We injected four different concentrations
ranging from 0wt% to 3wt%. The overall photonic device sensitivity is defined as'®

Ares
= 2
S= Ry 2)

where A),.; and Any are the change of the resonance wavelength position and the change of the refractive index
of the fluid (NaCl in DI water). We revealed a ring resonator sensitivity of about 100 nm/RIU, which is slightly
lower to our previous experiments without microfluidics.? Since the present results are derived from preliminary
experiments, further investigations are necessary to verify the sensitivity. However, we have demonstrated the
feasibility of a monolithically integrated microchannel for on-chip optofluidic applications.
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3. CONCLUSIONS

We have demonstrated the feasibility of monolithically integrated microfluidic channels in conjunction with a
COC-based microfluidic interconnection. Micro-milling is used to fabricate the microfluidic interconnection and
initial tests showed its feasibility. This work paves the way towards disposable photonic biosensor chips due to
its simplicity in terms of microfluidic interconnection and the cost-effective chip area reduction.
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