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Figure 1, left: Screen shot of LabVIEW program made to automate data collection and analysis. Synthesized data was placed into the graphs in order 
to demonstrate how the program would operate while making biosensing measurements. (1) Transmission spectrum of each laser sweep. (2) Resonance 
Wavelength vs. Time. (3) Resonance Wavelength vs. Time for each sample concentration. (4) Net Red Shift vs. Concentration. (5) Scatchard linear regression 
of Net Red Shift vs. Concentration. Note the net red shifts in (2) and (3).

Figure 2, right: SEM showing an L13 microcavity coupled to a W1 PC waveguide [1].

Abstract and Introduction:

Photonic crystal (PC) microcavities have demonstrated the 
highest sensitivities among label free, chip based, optical 
biosensors. These high sensitivities coupled with the study of 
binding kinetics have important implications in the fields of 
biomarker and drug discovery for pharmaceutical industries. 
Chip based biosensors permit miniaturization, leading to 
the possibility of economical personal diagnostic assays for 
detecting biomarkers of cancer [1].

A holistic approach for studying binding kinetics requires 
studying the effects on the biosensor of several samples with 
various biomolecule concentrations. Real-time data acquisition, 
concentration modification, and sample/sensor interaction 
control was automated using LabVIEW. See Figure 1 for the 
front panel of our program showing synthesized data, which 
delivered a step by step procedure of analysis.

Multiplexed biosensor devices have the ability to detect 
multiple biomolecules by functionalizing their conjugate pair 
(receptor) onto the microcavities of the different arms of the 
multiplexed device. See Figure 2 for basic device structure. 
Bovine serum albumin (BSA) is commonly used to block non-
specific binding, thus securing the specificity of the device. As 

a function of time, biomolecules will bind to their respective 
receptor, change the index of refraction, and appropriately 
induce a red shift for the resonance wavelength of the 
transmission spectrum. Upon red shift saturation, a buffer wash 
is introduced. Upon buffer saturation, a net red shift is produced, 
denoting the difference between the final resonance wavelength 
and the initial resonance wavelength. A Scatchard regression 
of the plot of net red shift versus biomolecule concentration 
produces a line whose absolute value of the slope is Ka; ΔG 
can be found by using the Gibb’s free energy equation for the 
inverse of the Ka.

Experimental Procedure:

Troubles with biomolecule contamination lead to the 
characterization of our automation program to be preformed 
allowing the biosensor to detect changes in molar concentration 
of sugar water. Fiber optic cables were coupled with the gratings 
of our biosensor. The input and output cables were connected 
to a tunable laser and photodetector, respectively. Initially, 
40 µL of deionized water was introduced to the sensor. After 
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160 seconds, 5 µL of 200 M sugar water was added on top of 
the deionized water every 80 seconds. The idea was to slowly 
increase the molar concentration of the sample without making 
noticeable changes to the sample size.

Before microfluidics could be implemented into our biosensing, 
characterization had to be made. An enclosed microfluidic 
channel mold was bonded to a dummy wafer with UV-curing 
optical adhesive. See Figure 3. The dummy wafer was used 
because it perfectly matched the device the mold would be 
used with in the future, but would save ruining actual devices. 
Two syringes fitted to two syringe pumps were connected with 
a “Y”-joint, whose output was connected to the input of the 
microfluidic channel. The output of the microfluidic channel 
was lead to a waste receptacle. Using an additional, independent 
program to automate syringe pump control, adhesive application 
techniques, adhesive strength, and maximum flow rate were 
then tested. Thorlabs NOA61 and NOA81 optical adhesives 
were used.

Results and Conclusions:

Our biosensing automation program worked successfully 
using chemical sensing. A real-time plot showing the change 
in resonance wavelength versus time and easy control over the 
setup was demonstrated. See Figure 4.

A maximum flow rate of 1 mL/min was achieved with the 
NOA81 optical adhesive. It was determined that the NOA61 
optical adhesive had too weak of a bond strength to be used 
in conjunction with our microfluidic pressure conditions. The 
syringe pump control program worked successfully. A new 
mold with input and output ports in the horizontal direction 
rather than the vertical direction was submitted to our local 

Figure 3: Enclosed microfluidic channel mold fitted onto a sensor. 
This design allowed for dynamic sample flow/interaction with the 
waveguide and microcavites.

Figure 4: Plot of all four resonance wavelengths versus time with 
increasing molar concentration of sugar water. Overall red shifts are 
detected for each resonance minima.

machine shop. This design should further reduce pressure inside 
the mold, lessening the chances of leaking and contaminating 
the stage. Due to time constraints, a mold of this design was not 
able to be tested during this internship.

Future Work:

The next step would be to integrate the syringe pump control 
program with the data collection and analysis program. This 
would create a singular program that would control almost 
every aspect of the experiment all from one panel. Furthermore, 
once the biomolecule problem is fixed, biosensing will resume. 
The singular program can then be used to begin taking data and 
studying binding kinetics in order to determine Ka and ΔG.
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