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SUMMARY

I. Subject

Basic research for the ubiquitous lifecare module development

I1. Objective and Significance of Research
B The research is aimed to develop basic technology and module technology for the
ubiquitous lifecare service.
B [n the future, it is expected that demand for daily lifecare service will increase rapidly.
B [t is needed to develop technologies related to population aging, environmental
problem, and life quality enhancement.
B Lifecare services as killer applications of IT technology field are forming an emerging

market increasingly.

I11. Contents and Scope of Research
To develop basic technologies and modules for ubiquitous lifecare service, research
contents and scope of each item are as follows:
B Bulk Si Substrate-based Biosensor Platform Technology
- Development of new structured bulk Si-based substrate for biosensor platform
- Development of the patterning and ohmic contact process for Si epi-channel layer
- Development of the biofunctionalization process for Si epi-channel layer
B Development of silicon based optical device for realization of silicon optical bio-

se€nsor



- Design and predict the properties of microresonators such as photonic crystals, disk
resonators, and slot-microdisk resonators that can provide a very high degree of
photon confinement using numerical simulations.

- Fabrication of microresonators and measurement of their properties

- Development of the materials on which these microresonators can be based

B Development of tunable microfludics bio-chip

- Plasma separation and fluorescence detection integrated bio-chip

- Elasped time for plasma separation < 90sec.

- Bidrectional fluid delivery available

- Impelment the fluid stop function

- Impelment the fluid delivery speed regulation function

B Development of disease screening parameters using biomedical images
- Development of disease screening parameters using biomedical images
- Pulmonary nodule analysis method, bone age estimation method, neurological
discase analysis method

- Screening accuracy > 80%

B Activity detection based on tri-acceleration sensor
- Development of a portable sensor data acquisition module using tri-acceleration
sensor and a receiving module
- Wireless RF communication between the sensor data acquisition module and the
receiving module

- Algorithm development for detailed activity classification in realtime

_‘]O_



IV. Results

Main results of this research are summarized as follows:
B Bulk Si Substrate-based Biosensor Platform Technology
- Formation of Si epi-channel layer with low leakage current (channel current:leakage
current>300:1)
- Formation of metal electrodes with ohmic contact properties
- Immobilization of anti-PSA on Si epi-channel layer
- Detection of PSA using the bulk Si FET biosensors (100ng/mL, 10ng/mL)
B Development of silicon based optical device for realization of silicon optical bio-
sensor
- Establishment of the necessary structural conditions for high-Q silicon nitride
micro-disk resonators that are necessary for biosensor applications using finite-
difference time-domain methods

Fabrication of microdisks using Tb-doped SiON, and investigation of their

whispering gallery modes using a newly established side-PL setup
- Demonstration of the biosensing capability of these microdisks using biotin-avidin
complexes.
- Design and fabrication of slot-microdisk structures
B Development of Tunable microfluidics bio-chip
- Integrated microfluidic bio-chip design and fabrication successively carring out the
blood preprocessing, antigen-antibody reaction and optical sensing.
- Elapsed time for plasma separation: 90~100sec.
- Separation efficiency (% separated plasma : whold blood): 30~40%

- Ratio for blood cells removal: > 99%

_11_



- Implementation of fluid stop and forward/backward delivery in the desired location

- Antigen-antibody reaction timing control implementation

B Development of disease screening parameters using biomedical images
- Automatic ground-glass opacity detection module for pulmonary nodule screening
- Growth plate segmentation algorithm

- Quantitative analysis method of MR diffusion tensor images
B Activity detection based on tri-acceleration sensor
- Portable sized (70mm x 30mm x 20mm) sensor module and receiving module
- Wireless RF communication between the sensor module and the receiving module
- 12 detailed activities classification

- Average precision of detailed activity classification: 96.1 %

V. Expected Result & Proposition

B Essential technologies for portable biosensors and their fabrications as a point-of-care
technology could be provided.

B Basic algorithm for health- and living-care service could be provided.

_12_
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of-g3ol = = skal 300:1 ol e MEAFFAAFT HE UEElen,

2

g3 dolES AMEEH &3 HAAoR &9 Y PSA FEE 10ng/mL F7HA

1) E. Stern, J. F. Klemic, D. A. Routenberg, P. N. Wyrembak, D. B. Turner-Evans, A. D.
Hamilton, D. A. LaVan, T. M. Fahmy, and M. A. Reed, Nature (London) 445, 519
(2007)

2) A.Kim, C. S. Ah, H. Y. Yu, J. H. Yang, 1. B. Back, C. G. Ahn, C. W. Park, M. S. Jun,
and S. Lee, Appl. Phy. Lett. 91, 103901 (2007)

3) G. Zheng, F. Patolsky, Y. Cui, W. Wang, and C. Lieber, Na. Biotechnol. 23, 1294

(2005)

4) J. 1. Hahm and C. M. Lieber, Nano Lett. 4, 51 (2004)
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1) FET: Field Effect Transistor

2) SOI: Silicon-on-Insulator

3) BOX: Buried Oxide

4) CVD: Chemical Vapor Deposition

5) PSA: Prostate Specific Antigen

6) APTES: Aminopropyltriethoxysilane

7) PI: Isoelectric Point

8) FSR: Free Space Range

9) PL: Photoluminescence

10) WGM: Whispering Gallery Mode

11) COC: Cyclic Olefin Copolymer

12) LD: Laser Diode

13) PD: Photodiode

14) DICOM: Digital Imaging and Communications in Medicine
15) CT: Computed Tomography

16) TW3: Tanner-Whitehouse skeletal maturity estimation system version 3
17) PET: Positron Emission Tomography

18) MRI: Magnetic Resonance Imaging

19) fMRI: Functional MRI

20) DTTI: diffusion tensor imaging

21) SVD: Singular Value Decomposition
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