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Photonic biosensors have in recent years progressed rapidly towards the goal of mobile 
biochemical analysis, which will enable new applications such as field-deployable 
medical diagnostics, mobile environmental monitoring, and distributed health-care. 
This progress has been achieved by leveraging the capability of photonics for precise 
optical metrology, and by using wafer-scale micro- and nanofabrication for mass-
producing sensors, in particular from silicon and related materials. However, to deliver 
on the full promise of photonic biosensors, remaining challenges include the handling 
of liquids on the microscale and the on-chip integration of light sources and detectors. 
Here, we discuss our recent work on these two fronts. 

Biosensors, by definition, employ a biological recognition element to bind a target 
analyte of interest. In this way, the sensor can exploit the work already done by 
biological evolution to create highly specific molecular bindings. This approach 
elegantly solves one of the main challenges of sensing: specificity. However, biological 
reactions only work in water based solutions, and thus biosensors must handle liquid. 

While the planar wafer-scale micro- and nanofabrication technology developed by the 
microelectronics and photonics industries has been deployed to mass-produce 
photonic sensors, the liquid handling structures have, so far, been produced by post 
processing at chip-level [1]. To address this limitation, we developed a new family of  
off-stoichiometric thiol-ene (OSTE) polymers that can be processed using the familiar 
wafer-scale lithography techniques [2], [3]. Using these polymers and processes, the 
photonic sensors can be biofunctionalized at wafer-scale, followed by integration of a 
complete microfluidic system through transfer-bonding [4].  

The second challenge of light-source and detector integration is not unique to photonic 
biosensors, but shared with most other low-cost photonic systems. Silicon photonics 
has the mass-production capability required for economical deployment of photonic 
biosensors, but for robust mobile application, the light-source and detector must be 
integrated in the sensor chip. Without such integration, the requirement for precise 
optical alignment between the passive sensor chip and the light-source makes robust 
mobile sensing with user-replaceable sensor cartridges extremely challenging.   
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For sensors operating in the mid-IR region, nanoscale thermal sources and detectors 
are an interesting option, due the efficient coupling that can be achieved between these 
sub-wavelength structures and single-mode waveguides. We have recently 
demonstrated platinum-nanowire-based light- sources [5] and bolometric detectors [6] 
that are easily integrated onto a standard silicon photonics wafer using the 
manufacturing techniques of microelectromechanical systems (MEMS). Due to their 
small thermal mass, these devices have a very fast response (up to a few MHz). 
Furthermore, their sub-wavelength optical dimensions lead to partially coherent 
operation, enabling the shaping of radiation patterns and of spectral properties. 

For the interrogation of high-Q resonant photonic biosensors, such as ring resonators 
and photonic crystal cavities, however, tunable narrow-linewidth coherent light-
sources are preferred. Although significant progress has recently been made, both on 
monolithically integrated germanium lasers and on heterogeneously integrated III-V 
lasers on silicon, an economical solution for light in silicon remains elusive. On this 
front, we have developed MEMS tunable ring resonators that could serve as tunable 
laser cavities in either type of integrated laser [7]. Finally, if external sources must be 
employed, the coupling problem can be mitigated using our MEMS tunable grating 
couplers to relax alignment tolerances of fiber-to-chip coupling [8]. 

In conclusion, we have developed solutions towards mobile photonic biosensors with 
integrated liquid sample handling, light-sources, and detectors, with the aim to bring 
photonic biosensors out of the lab and into the field, e.g. into challenging situations such 
as infectious disease epidemics. Furthermore, the reduced cost of these sensors will 
enable many new industrial and consumer applications within such diverse fields as 
agriculture, environmental monitoring, and personal health care.   
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