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Fluorescence detection method is widely used in the field of molecular biology and
biochemistry. In addition, fluorescence spectroscopy is frequently used for detection
modality of micro-total-analysis-system (u-TAS). However, despite the large number
of micro devices that make use of fluorescence spectroscopy as the detection
modality, these micro systems still need use external equipment such as typical
fluorescence microscope. Recently, many different type of on-chip fluorescence
spectroscope has already reported these were using interference filter, absorption
filter or spectrally selective devices. This thesis is study of a filterless fluorescence
detection sensor which belongs to spectrally selective devices.

At first, novel filterless fluorescence detection sensor using photogate CMOS pixel
was proposed. The principle of this sensor was based on the variation of optical
absorption coefficients with wavelength. It was confirmed that the fluorescent
intensity detected was 1/500 of the excitation intensity by device simulator.

Then, fabrication of filterless fluorescence detection sensor, and experimental
results were reported. The sensor was fabricated CMOS 5um, 1-poly 2-Metal
process. The most important characteristic of filterless fluorescence detection
sensor is that the saddle potential can be freely changed by the photogate voltage.
The fluorescent label, Fluorescein 5-Isothiocyanate (FITC) and SYBR Green 1 were
used for experiment. It was confirmed that the detection limit of FITC and SYBR
Green 1 was 2.4 uM and 16.7nM respectively. Additionally, in the experiment of real
time monitoring of a DNA amplification using Loop-Mediated Isothermal
amplification Method (LAMP), the fluorescence change was successfully observed.

Then, the CMOS image sensor technique (e.g. APS structure, charge
accumulation technique) was applied for filterless fluorescence detection sensor.
From experimental results, it was confirmed that the sensor can be possible to
apply the CMOS image sensor technique.

Finally, the electrical potential distribution of sensing area was optimized. The
wavelength differentiation performance was limited by diffusion current from
underneath of saddle potential. In consequence, the wavelength differentiation
performance has improved from 1/10 to 1/100.

Development of the state-of-the-art pu-TAS which contains sample preparation,
handling, separation, mixing and fluorescence detection sensor is expected fr
om the obtained knowledge in this thesis.




