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In studying cells and living tissues, the development of a bio-imaging technology for direct|
observation of the distribution and localization of physiologically active substances is desired. In the|
study of basic life sciences, the fluorescence observation method is particularly used. Although the
fluorescence observation method has high sensitivity and high resolution, the fluorescence intensity
and fluorescence lifetime are often dependent on pH (Hydrogen-ion concentration) or temperature.
Furthermore, giveh that a pH of 6.8~7.2 is thé optimal pH for cells or living tissues, the observation
environment needs to be maintained at the optimal pH. However, during the fluorescence observation,
it is difficult to monitor the pH of the culture solution. In this study, we propose a multi-function fused|
bio-image sensor that has the features of both fluorescence and pH measurements. The promising|
feature of a bio-image sensor is that one pixel is able to acquire a number of different physical values,
such as ion concentration and fluorescence intensity, without mixed mounting of the sensors.

Initially, the principle and architecture of the bio-image sensor, which was able to measure the pH
and light intensity, were proposed. The sensor architecture is based on the charge-transfer-type pH
sensor by adapting the charge coupled device (CCD) technology. In measuring pH under light|
irradiation, the output voltage proportional to the light intensity is added to the result obtained from
the actual measurements. However, the reliability of the pH measurement increased by measuring the
light intensity before measuring the pH, acquiring the output voltage proportional to the light
intensity, and subtracting the result from the value of pH obtained from the actual measurement.

The principle of the bio-image sensor, which is able to measure the pH and fluorescence intensity,
was then proposed. The principle of measuring fluorescence was based on the filter-less fluorescence
detector using the principle that in a silicon substrate, light of different wavelength has different,
absorption coefficients. On the basis of the simulation results, fabrication of the bio-image sensor,
configuration of a detection system, and detection of quasi-fluorescence were performed. In measuring
quasi-fluorescence using light-emitting diodes (LEDs), the ratio of the fluorescence intensity to the
excitation light intensity was measured up to 1/80. Moreover, the pH sensitivity from the pH
measurement was 16 mV/pH.

Finally, the principle and architecture of the sensor, whlch is able to measure the pH and light
intensity simultaneously, were proposed. The bio-image sensors mentioned above were used for
measuring the pH and light intensity or fluorescence intensity alternately using the same pixel. This is
because in those sensors, only electrons-are used as signal charge. It was then proposed to use both the
electrons and the holes as signal charges. The measurement results show a linear increase in the
output voltage with the irradiated light intensity. Moreover, the pH measurement showed a pH
sensitivity of 115 mV/pH.

These image sensor technologies pave the way for direct observation of the actions of cells and

~ [tissues, and those in their peripheral environments under high ‘spatial resolution and. high time

resolution.




