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Fluorescence analysis is widely used in biochemical analysis and medical diagnosis
procedures because it is easy to use and can provide large amounts of data. Fluorescence
microscopes are often used to detect fluorescence. However, they consist of an optical filter and
other parts, and are generally expensive and bulky. At same time, on-chip measurements of
fluorescence are required for field diagnosis and point of care testing systems, which requires
the development of miniature fluorescence detection devices. Recently, on-chip fluorescence
sensors have been developed that consist of optical filters integrated on photodiodes. In
addition, a fluorescence sensor using buried triple p-n junction photodiodes has also been
developed. Although these devices exhibit high sensitivity, the fabrication processes required to
integrate the optical filters are complicated. In addition, it is difficult to deal with changes in the
fluorescent solution because the detectable fluorescence wavelength is fixed.

A filter-free fluorescence sensor with a photo-gate structure has been developed that can
measure a wide range of wavelengths without filters by considering the depth of the light
absorption in the silicon. The separation ability of excitation light and fluorescence in this
sensor was 800 : 1. However, fluorescence detection requires an intensity ratio of more than
1,000 : 1 between the excitation light and fluorescence. In order to enhance the separation
ability for a filter-free fluorescence sensor, we improved the planarization of its polysilicon
surface. For the surface planarization, deposition was performed by low pressure chemical
vapor deposition (LPCVD) at a low temperature, which decreased the root mean square (RMS)
roughness from 16.29 to 1.63 nm. The proposed polysilicon surface with the smaller RMS
roughness reduced the scattering of the incident light in the silicon substrate. As a result, the
separation ability of the filter-free fluorescence sensor was increased from 800 : 1 to 1,250 : 1
by planarization.

Then, we describe the detection of fluorescence from Fluorescein-4-isothiocyanate (FITC-I)




and sulforhodamine 101 acid chloride (Texas Red) using the filter-free fluorescence sensor in
which the separation ability of the sensor is 1,250 : 1. To measure the fluorescence solution, we
proposed a parameter to minimize the effect of the interference introduced by each layer. The
fluorescence of submicron-molar concentrations of solutions could be detected. we also
describe the simultaneous detection of three wavelengths using the sensor for the measurement
of mixed fluorescent solutions. We determined it was possible to use FRET analysis with the
filter-free fluorescence sensor to simultaneously measure the intensities of three wavelengths
without using an optical filter.

In order to measure the labeled cells, proposed a cell analysis system and 2D fluorescence
imaging system without optical filters using a 1-pixel filter-free fluorescence sensor and a 32 x
32-pixel filter-free fluorescence image sensor which used wavelength dependent absorption
depth in a silicon substrate. Excitation light and emission light from fluorescently labeled cells
and Quantum dot were separated and their light intensities were detected at the same time by
measuring the photo currents according the photogate voltage. The detected fluorescence of
cells and light emission from quantum dot were good agreement with the light intensities
observed by conventional fluorescence microscopy. Also, we propose a filter-free fluorescence
analysis system using a filter-free fluorescence sensor applied to microfluidic for flowing
fluorescent particles and fluorescent dyes. based on these results, future research will be
expected to be applied to living body observation of cells by using a filter-free fluorescence

analysis system.




