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Background and Significance: With the emerging popularity of lab-on-a-chip devices, 
it is desirable to develop biological sensors that can be effectively integrated into 
pathogen detector systems.  Surface plasmon resonance (SPR) sensors are one strong 
contender for this role, and have the important advantage of providing label-free 
detection of biological molecules.  As illustrated in Figure (a), the basic operation of a 
single SPR sensor channel involves 
focusing light onto a detection spot.  
Depending on the concentration of 
molecules present at this point, a certain 
fraction of light couples into SPR modes, 
and the remaining light is reflected.  By 
observing the intensity of reflected light as 
a function of angle or wavelength, it is 
possible to deduce the concentration of 
molecules present at the sensing interface.  
Although some portable and integrated 
SPR systems have been demonstrated, they 
still suffer from low sensitivity and often 
require difficult fabrication techniques. 
Methodology: Using optical lithography, we have successfully fabricated and tested a 
three-channel SPR sensor based upon reflective diffractive optical elements (DOEs).  The 
DOEs in this device are 5.484 by 5.000 mm, each comprised of 160 negative zones and 
56 positive zones.  The fabrication process used 3 lithographic masks to create an 8-level 
discretized surface on fused silica (Figures (b) and (c)).  The DOEs were integrated with 
a flow cell and illuminated with an 850 nm light source.  We demonstrated the device’s 
functionality by using NaCl solutions ranging from 0.1 to 4 M concentration, and 
achieved an angular sensitivity of 126°/RIU and a minimum detection limit of 7.8·10−5 
RIU.	   	  We are continuing to miniaturize the DOEs for a multichannel device by switching 
from optical lithography to electron beam lithography.  This new design aims to create 
transmitting DOEs, each 2.55 by 2.38 mm, with 2010 optical zones.  The fabrication 
process involves patterning PMMA using electron beam lithography, and then 
transferring the pattern to a chrome mask using a lift-off process.  The chrome mask is 
then used for reactive ion etching (RIE) of the fused silica substrate.  By repeating this 
process for a second mask pattern, we will be able to create a 4-step discretized surface.	  
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(a) Side view schematic of an SPR sensor.  
(b) Discrete steps approximating a continuous profile 
in the first DOE zones. (c) Top view of one fabricated 
DOE zone viwed with an optical microscope. 


