Photonic crystal waveguide sensor for low concentration DNA detection
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Integrated photonic sensors are currently attracting an increasing interest because of their high potential
for a fast label-free analysis of very low concentrations of analytes, such as proteins, bacteria or DNA
for instance [1]. Particular interest is focused on planar devices in silicon, such as ring resonators [2,3],
photonic crystal based structures [4,5], or Mach-Zehnder Interferometers [6], as they are very sensitive
to refractive index variation, have a small size, and can be fabricated on very large scale using CMOS
fabrication techniques. In this work, we report experimental results showing the detection of double-
strand DNA using a photonic crystal waveguide (PCW) based sensor, obtaining a lower detection limit
of 22.2nM.

The PCWs used for the detection were fabricated in a silicon-on-insulator (SOI) wafer with 250nm-thick
silicon layer on a 3um-thick buried oxide layer. They were designed to have a guided TE mode with its
band edge located around A=1550nm, for what a lattice constant of 390nm and a hole radius of 111nm
was selected. Light is coupled/collected to/from the PCW using 500nm-wide singlemode waveguides.
20um-long PCWs were fabricated using e-beam lithography and Inductively Coupled Plasma (ICP)
etching. A scanning electron microscopy (SEM) picture of the PCW is shown in Fig. 1.(a).

Surface activation is performed by exposing the chip to pure 3-isocyanatepropyl triethoxysilane vapour
for 30 min. Then, a drop of streptavidin 0.1mg/ml in 0.1x phosphate buffer saline (PBS) is deposited on
the sensing area and incubated in a humid chamber overnight at room temperature. Finally, a solution
of ovoalbumin protein (OVA) 1% in PBS 0.1x is spread all over the chip and incubate for 30 minutes to
block the remaining active sites.

For the experimental characterization, the TE transmission spectrum near the band edge of the PCW
was continuously acquired using a tunable laser with a resolution of 1pm, as shown in Fig. 1.(b). In this
region, transmission peaks created by the excitation of multiple-k modes in the slow-wave regime near
the band edge and the cavity created in the PCW with the access waveguides appear, which are used
to perform the sensing, as shown in the inset of Fig. 1.(b). The sensing experiment begins flowing the
PBS 0.1x at 10ul/min (a flow cell is placed on the top of the chip and this flow rate is maintained for all
the experiment) to obtain the baseline for the buffer solution. Then, we switched to a double-strand DNA
solution with the end of one strand marked with biotin which has a high binding affinity with the
streptavidin and will bind to the protein attached in the PCW surface, thus inducing a shift in the peak
position. The end of the other strand is marked with digoxigenin (DIG) which has no affinity with
streptavidin and is used later to confirm the binding of the DNA to the PCW surface by flowing anti-DIG
antibody. Figs. 2.(a) and 2.(b) show the flowing sequence and the peak shift obtained for each
substance.

For the lowest DNA concentration (0.2uM) we measured a peak shift of AApna=5.8pm (1544.764nm-
1544.7582nm). The noise level was estimated to be 0.645pm (standard deviation of peak position
during continuous PBS1 flow), thus giving a lower detection limit of 22.2nM for direct DNA detection,
what is in line (or even better) with state-of-the-art values reported for other planar photonic structures
such as ring resonators [3]. Moreover the shift we observed when flowing anti-DIG (higher than 0.6nm)
clearly confirms the binding of the DIG-marked DNA on the chip.

This work was carried out within the FP7-ICT-223932-INTOPSENS project, funded by the European
Commission, and by Spanish MICINN under contracts TEC2008-06333 and CTQ2007-64735/BQU.
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Fig. 1. (a) SEM image of the photonic crystal waveguide used for the sensing, (b) Spectrum of the
photonic crystal waveguide in the region of the band edge.

Raith 150 2um EMT=1000kY  Signal A= InLens Date 16 Dec 2009
Mag= 325KX |— WD= Tmm User Name = ADMINISTRATORTime :12:07:08

1544.8 i i 1 T : I I J—:W-I—ww\mk
PBS3 LPBS3 -
PBST |DNA | PBS2 |DNATuM, 15454 : vf’/J |
164479 102uM ! A 15453 | | PBS4
z | | | LA £ | |
e l l l " £ 1545 2] 1 l
g 1o : o g : :
= i {=1] L
g | | | f 8 15481 ! antiDIG 10ppm !
Q 1544 77} ! ! Mo /| S 1545f Vo |
L I N B g I .—A I
= I IS m’:\"w "Nﬂ I I I I
1544 76 1 A 1 i 1 1 1544.9- 1 || 1
. . gt | |
I iM”"‘:'L‘“‘N' wil! : : : 1544 8F 17 | (b)
| | | () i |
5 1 | il Ir 1 544? 1 1 1 1 1
15447 0 50 100 15l 200 250 250 300 ) 350
Measurement iteration Measurement iteration

Fig. 2. Wavelength shift vs measurement iteration (each iteration lasts approximately 1 minute), for
double-strand DNA (left) and anti-DIG (right) flowing. Flowing sequence is: PBS 0.1x, DNA 0.2uM, PBS
0.1x, DNA 1uM, PBS 0.1x, anti-DIG 10ppm, and PBS 0.1x (all were flown for more than 30 minutes to
ensure molecular binding).



