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Description:  Center research developed low cost fabrication technologies capable of producing high 

resolution micro-nanoscale surface patterns and structures useful for high sensitivity optical sensing of 

extremely low (picco to atto molar) concentrations and picco liter volumes.  A variety of photonic 

devices can be made that control light in the sub-wavelength regime.  These devices incorporated into 

microfluidic channels and well-plates can find application in: 

• High throughput drug screening 

• Cell-based assays 

• Detecting protein-DNA interactions 

Using the Nanoreplica Molding process, high precision patterned surfaces can be economically 

fabricated in high volume using a variety of materials including: 

• High refractive index dielectric materials 

• Electro-optic materials 

• Conducting electrodes 

• Ionized gas 

• Biocompatible polymers 

This low cost process can produce very high precision micro-nanoscale patterns and structures by using 

a rigid silicon master and a photocurable liquid polymer. 

                   

 

 

Examples of Nanoreplica Molding: Upper: SERS dome structures, 

Lower: Photonic crystal structure embedded in microfluidic channel. 

Schematic of Nanoreplica Molding process 



 

This process has been used to produce elements with many potential applications.  Details of 

applications of this technology are discussed in the following sections. 

Photonic Crystal Label-Free Biosensors 

These devices are based on a periodic pattern or structure of dielectric material in two or three 

dimensions optimized to provide an extremely narrow resonant mode whose wavelength is particularly 

sensitive to modulations induced by the deposition of biochemical material on its surface.  In practice, 

the sensor surface is illuminated with white light and the reflected light from different locations is 

collected.  By analyzing the changes in the wavelength of the reflected light, biochemical binding events 

occurring on the surface can be detected and quantified.  A DNA spot deposited on the sensor surface 

results in an increase in the reflected wavelength only on the surface where the DNA is deposited.  Its 

mass density causes a change in the surface dielectric permittivity with the amount of the wavelength 

shift being proportional to the deposited mass density.  Mass changes of less than 1 pg/mm
2
 and spatial 

resolution of ~4 microns per pixel have been demonstrated. 

       

  

These sensors are compatible with standard single-use disposable 96, 384, and 1536-well microplates 

and microarray slides.  Sensor structures can be mass manufactured in polymer films hundreds of 

meters long using a roll-to-roll Nanoreplica embossing process.  

 

Molded plastic photonic crystal biosensors incorporated into 

 Standard format 96-, 384-, and 1536-well microplates. 

Applications for this process include:  

• Measuring the effect of drugs on cancer cell proliferation 

• High resolution imaging of stem cell attachment to surfaces 

• Detection of pathogens in water or food 
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Details of a surface grading structure Schematic of sensing system 



Photonic Crystal Enhanced Fluorescence 

This detection process is based on a photonic crystal structure with an optical resonance that matches 

the wavelength of a laser used to excite fluorescent molecules, so adsorbed fluorescent-tagged 

biomolecules and cells emit more light than they would on an ordinary surface.  This allows greater 

sensitivity in the detection of proteins and DNA to detect disease biomarkers at low concentrations. 

Applications for this process include:  

• Detection of gene expression 

• DNA sequencing 

• Early cancer diagnosis by detection of biomarkers in blood 

 

Surface Enhanced Raman Spectroscopy (SERS) 

 This label-free detection technology can provide specific identification of molecules adsorbed on 

photonic crystal surfaces incorporating metals and metal nanoparticles which efficiently couple 

electromagnetic fields from laser generated photons which increases the detection sensitivity of SERS.  

Amplification of the laser field is through plasmon resonance by about an order of magnitude. 

 

 

 

Applications for this process include:  

• Detection of metabolites within urinary catheters 

• Monitoring chemical reactions 

• Detection of trace impurities in manufactured food or drugs 

Distributed Feedback Laser Biosensors 

(a, b) Cross sectional schematic of the photonic crystal SERS substrate and (c, d) SEM image 



This new approach for resonant optical biosensors employs an active optical resonator in the form of a 

Distributed Feedback (DFB) Laser to generate a high intensity narrow bandwidth output without any 

requirement for precise incoupling of excitation illumination or precise outcoupling to collect emitted 

light.  Biosensors have been fabricated incorporating an active resonator structure in which shifts in 

laser emission wavelength are monitored as the sensed output, thus high resolution may be achieved 

while maintaining a high level of detection sensitivity.  This allows the fabrication large surface areas of 

DFB laser biosensor material on flexible, inexpensive polymer substrates and to incorporate them into 

disposable labware.  With an entire surface comprised of usable sensor material, there is no 

requirement to precisely require immobilized ligand to bind only on certain regions.  Using optical 

pumping to excite the laser emission, only millimeter-level precision is needed to aim the pump source 

at the desired detection area.  The laser emission itself is of sufficient intensity for easy detection with 

inexpensive sensors and can be captured with a simple optical fiber.  Performing a single measurement 

is extremely fast.  With optical pump duration of ~10 nsec, the resulting output pulse is approximately 

the same duration and if the laser is focused to ~1 mm diameter spot on the DFB laser biosensor 

surface, the resulting emission wavelength will be determined by a very small region around the 

excitation spot.  By rastering the excitation spot sequentially across the DFB surface, a spatial map of 

adsorbed biochemical or cellular binding density can be determined. 

           

 

 

 

Applications for this process include:  

 

• Detection of viral particles 

• High throughput detection of drug-protein interactions 

 

Schematic of the DFB laser sensor 

structure and experimental setup 

DFB laser biosensor incorporated with bottomless 

96-well microplate (under UV illumination) 


