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The stark decrease in efficiency in producing new pharmaceuticals has urged the Food and Drug
Administration [FOR) to launch the FDA Critical Path Initiative in 2004, a guideline to address the
increasing difficulty of medical product development. An important point of criticism is the lack of high-
throughput tools to study molecular behavior of the drug candidates we produce. This could elucidate
potential drugs which are filtered out by current affinity based took. To accommodate this, we propose a
biosensor that can detect conformational changes of proteins, based on an integrated Silicon-on-Insulator
{501) microring. Previous microring biosensors excite the cavity with a single polarization, thus only
gaining information on the total bound mass of proteins. We succeeded in exciting the microring with two
polarizations simultaneousty and as such could extract information about the thickness and the refractive
index of the bound layer of molecules, This enable3 the biosensor to distinguish between a thin dense
layer and a thick sparse fayer, which is not possible by tracking a single resonance.

In order to excite both polarisations we use a microring with an asymmetrical directional coupler. In [1]
it is shown that a microring with a TE mede in the access waveguide can successfully excite the TM mode
in the ring waweguide if the widths of both waweguides are such that phase matching ocours. We have
shown that if the two wavegeides are brought sufficiently close together, the TE mode in the access
wawveguide can also excite @ TE mode in the ring wawveguide, even though there is a severe phase
mismatch. Fig. 1 shows a measurement of the spectrum of a ring that was designed with such a coupling
section, exhibiting two distinct sets of resonances with a different free spectral range. When proteins bind
or adsorb to the sificon surface, the resonance wavelength of both resonances will shift. These peak
positions can be solved to & thickness and refractive index profile using a theoretical model based on
waweguide theory and simulated modal parameters,

As a proof-of-concept the adsorption behaviour of bovine serum albumin {BSA) molecules has been
examined. The adsorbed mass, thickness and refractive index of a layer of adsorbed BSA molecules have
been tracked while cycling the pH of the buffer. This experiment has been done with dual pelarization
interferometry[DPI}, which lacks high-throughput possibilities, on a silicon nitride surface in [2]. This
provides a good way to verify our results, Before the actual experiment takes place, water and buffer are
flowed owver the chip in order to calibrate the sensor. Next, a 0.1 mg/ml BSA in phosphate buffer sobution
{PES) is flowed owver the sensor with a pH of 5. Then we switch the fluid to BSA in PBS pH 3 before
switching it back to BSA in PBS pH 5. The measured shifts of both the TE and the TM maodes are shown on
Fig.2. The adsorbed mass of the BSA fayer as a product of thickness and density is shown in Fig.3, while
the resolved thickness and refractive index of the layer is shown in Fig. 4. Table 1 compares the results
obtained with the presented technigue and the DPI technique. The increased adsorption of the microring,
the small variations in thickness and refractive index, as well as the irreversible adsorption on the silicon
can be attributed to 2 more hydrophilic silicon surface as oppesed to silicon nitride, as i confirmed in [3].

We can conclude that the dual polarization biosensor was able to detect small changes in thickness and
refractive index of an adsorbed layer of BSA molecule, which were in good agreement with literature.

tpH3 npH3 MpH 3 tpHS npHS MpHS5
Microring 1.4 nm 1.433 1.7 ng/mm* 3.0nm 1.407 2.70 ngfmm’®
Pl 0.3 nm 1.445 048 ngfmm®  42nm 1.425 2.11 ngfmm®

Table 1. Comparison of thickness (t], refractive index(n} and adsorbed mass (M) of the BSA experiment as
measured by the technique presented in this paper (Microring) and the DPI technigue [2].

e

[1] P.DeHeyn, D. Vermeulen, et al. IEEE Phot. Tech. Letters, 24 14, 1176-1178{2012)
[2] W.J. Freeman, L.L. Peel, et al. ). Phys.: Condensed matter, 16, 2453-2496{2004)
{31 Y.L Jeyachandran, E. Mielczarski, et al. Langmwir: surfaces and colfoids, 25 19, 11614-11620{2009)

23 0 —_—
e N i, —T™
N T f Y e, s
el L (A Il _ . \ —TE |
= =M i 4 1} i ! i 08 i\...f'..'.JL_/
E=r ) A B ) : — ‘
W<um | TE | s ! - _
B> || 7 7 Ea .
=, - —
Ex 0 m T
-32 0z L—
e ) R U1 Wt S BSAINPES BSAINPES BSAIPSS PS5 HO
1530 1532 1534 £536 1538 154D 1340 [548 1546 148 G550 pH3 PHS pH3 pHE
Wasoelexgth fuiz] S0 0 120 140 160 180 200
tirne [min]

Figure 1. Spectrum of the microring with water Figure 2. Resonance wawvelength shift of both

cladding. modes during BSA adsorption experiment
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Figure 3. Adsorbed mass of BSA molecules. Figure 4. Resolved refractivie index and thickness

of adsorbed layer of BSA molecules.



