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ABSTRACT

In this paper, we proposed optically and graphically coded microdisks that have large coding capacity and small
particle size for bioassay. Graphically coded particles generally have large particle size compared with the
conventionally used microbeads. But the large particle size is not suitable for multiplexed bioassay due to a large
amount of sample consumption and vigorous mixing. The proposed dual coding method uses optical and graphical
codes for minimizing the particle size without reducing the coding capacity. The microdisk has dot patterns for
graphical coding and gold layer on the microdisk for optical coding.
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INTRODUCTION

Suspension array technology using the coded microparticles is suitable to detect multiple biomolecular species
including proteins, nucleic acids, and small molecules. The coded microparticle based assay showed higher reaction
kinetics than planar arrays (e.g., DNA chip) because of the 3-dimensional surface properties [1]. Therefore, to
fabricate coded microparticles, many coding methods have been reported such as optical, chemical, graphical, and
electrical coding. The graphical coding uses two dimensional graphical patterns like barcodes. The graphical coding
has advantages of large coding capacity and simple decoding process. However, most of the graphically coded
particles have 100 ~ 500 um particle size that is 10 times larger than practically used microbeads [2, 3]. Because the
graphical coding capacity is determined by the particle size, the small particle size is not desirable to have large
coding capacity. The large particle size requires large sample volumes and vigorous mixing for assay [4]. Therefore,
to reduce particle size without decreasing coding capacity, we developed microdisks that can be coded by graphical
patterns and optical signal. Raman spectroscopy, which has large coding capacity, is used for the optical coding and
dot patterns are used for graphical coding in this paper.

DESIGN AND FABRICATION

The proposed microdisk was shown in figure 1(a). The microdisk has 5 um diameter, and 0.5 ~ 1 um thickness.
Three dots were patterned for graphical information and gold layer on the surface of the microdisk generated surface
enhanced Raman spectroscopy (SERS) signal for optical coding. The dual coding method used the two discrete
signals as axis of code array (figure 1(b)) and the coding capacity was determined by multiplication of graphical
coding capacity and Raman spectroscopy coding capacity. The combination of three dots can represent 6 different
codes and the SERS spectrum can generate 40 different codes. Therefore, the coding capacity of the proposed
microdisks is 240 (6 x 40).
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Figure 1. Schematic of the microdisk (a) and the graphical and optical codes map (b)

The fabrication process of the microdisk is as shown in figure 2. Firstly, 0.5 ~ 1 pm of SiO, was deposited on
150 mm silicon wafer. The graphical patterns were realized by stepper photolithography and reactive ion etching
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(RIE) of the SiO; layer. Photoresist was removed and the patterned SiO, microdisks were etched 100 nm by the RIE
process. The additional RIE process increased the surface roughness of the microdisk for enhancing SERS signal
intensity. Then the microdisks were released from silicon wafer. Deep reactive ion etching (DRIE) and isotropic dry
etching process were used for microdisk release. The silicon substrate was etched to form pillars by DRIE process
(figure 2(d)) and the silicon pillars under microdisks were etched using isotropic dry etching (figure 2(e)). Finally, 50
A Cr adhesion layer and 200 A gold layer were sequentially deposited by thermal evaporation (figure 2(f)).
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Figure 2. Fabrication process of the microdisk

RESULT AND DISCUSSION

The scanning electron microscope (SEM) and optical images of fabricated microdisks were shown in figure 3(a).
The dot patterns for graphical coding were successfully fabricated and confirmed by scanning electron microscope
(SEM). The graphical patterns were also distinguishable by the optical microscope (x100) for decoding.

For the collecting of microdisks from the wafer, the fabricated wafer was immersed in isopropyl alcohol (IPA)
solution and sonicated for 5 minute. Then the microdisks were centrifuged for the microdisk concentration. Finally,
the solution that contained one dot microdisks was spotted on slide glass and observed by the microscope. As shown
in figure 3(b), the one dot microdisks were successfully collected in IPA solution.
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Figure 3. Fabrication results of the microdisk (a) SEM and optical microscope images of the patterned
microdisks by photolithography and SiO; dry etch (b) The collected microdisks on a slide glass

The effect of RIE process was investigated to generate the strong SERS signal on the microdisk. SiO, deposited
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silicon wafer was etched and 50 A Cr and 200 A gold were deposited on the wafer. The SERS signal intensity was
enhanced by RIE process compare to the bare SiO, deposited silicon wafer as shown in figure 4. The anisotropic
plasma etching process made nanoscale rough surface on the etched SiO, layer that enhanced the SERS signal.

The collected microdisks were coded by 4-fluorobenzenethiol (4-FBT) for 10 minutes for optical coding. For
optical signal decoding, the 4-FBT coded microdisks were scanned with laser (647 nm) to obtain the SERS signal.
The 4-FBT coded microdisks generate strong SERS signal at 1073cm™. Figure 4(b) shows the SERS signal intensity
map and spectrum on the 4-FBT coded microdisk. The SERS code was successfully encoded and decoded on the
microdisk.
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Figure 4. (a) SERS signal intensity of 4-FBT at the bare SiO; layer (ved) and RIE processed SiO; layer
(blue)(b) SERS signal mapping data and spectrum of the 4-FBT coded microdisk

CONCLUSION

The proposed microdisk has large coding capacity in small particle size by using the optical and graphical coding.
Moreover, the batch process of the micro fabrication technology produces reliable and uniform particle pattern and
size. The proposed microdisk can be used for multiplexed bioassays with an automated decoding system.

ACKNOWLEDGEMENT
This research was supported by the Pioneer Research Center Program through the National Research Foundation of
Korea funded by the Ministry of Education, Science and Technology (Grant Number 2012-0000448).

REFERENCES
[1] K. B. Cederquist, S. L. Dean, and C. D. Keating, "Encoded anisotropic particles for multiplexed bioanalysis,"

Wiley Interdisciplinary Reviews-Nanomedicine and Nanobiotechnology, vol. 2, pp. 578-600, Nov-Dec 2010.

[2] D. C. Pregibon, M. Toner, and P. S. Doyle, "Multifunctional encoded particles for high-throughput biomolecule
analysis," Science, vol. 315, pp. 1393-1396, Mar 9 2007.

[3] Z. L. Zhi, Y. Morita, S. Yamamura, and E. Tamiya, "Microfabrication of encoded microparticle array for
multiplexed DNA hybridization detection," Chemical Communications, pp. 2448-2450, 2005.

[4] R. Wilson, A. R. Cossins, and D. G. Spiller, "Encoded microcarriers for high-throughput multiplexed detection,"
Angewandte Chemie-International Edition, vol. 45, pp. 6104-6117, 2006.

CONTACT
Yul Koh tesadale@snu.ac.kr

1038



