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Raman spectroscopy has been used in the fields of analytical science, physical chemistry,
semiconductor manufacturing, and so on, because of its potential to obtain the information of
molecular structure and species without staining. Recently, biological applications of Raman
imaging have been popular. However, since the cross-section of Raman scattering is quite small,
real-time Raman imaging was unable by spontaneous Raman scattering.

In this study, we proposed the parallel excitation and detection of stimulated Raman scattering
(SRS) to realize real-time (33 ms/image) in the fingerprint region (500-1800 cm), and to apply
the imaging technique to endoscopy.

We succeeded in the 100 frame/s (10 ms/image) by CARS (coherent anti-Stokes Raman
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scattering) by the optimization of the optical system of excitation beams including the microlens
array scanner for parallel excitation. The synchronized tunable laser system for nonlinear
Raman light source, which covers whole fingerprint region, has been improved. The laser
system was stabilized synchronization during the wavelength tuning by removing of the second
deviation of laser cavity dispersion and affection of water vapor absorption, and improving the
response of piezo actuator for adjusting the laser cavity length. As the results, we succeeded in
the spectral imaging of stimulated Raman scattering in the full fingerprint region of 500 — 1800
cm! within 30s. A multimodal microscopy system simultaneously observing SRS, CARS, second
harmonic generation (SRS), and two photon excited fluorescence (TPF) was developed and was
applied to the imaging of atherosclerotic plaque. Lipid, collagen, and elastin were clearly
visualized by SRS, SHG, and TPF, respectively. We also developed a CARS rigid endoscopy
system, which has a 300 mm length and 12 mm diameter tube. Nerve imaging was
demonstrated by using the developed system and we succeeded in the nerve imaging within 5 s.
A complementary metal-oxide semiconductor (CMOS) lock-in pixel based on lateral electric
field modulator (LEFM) was developed and we succeeded in the demodulation of SRS signal. In
order to suppress the offset components while amplifying high-frequency modulated small SRS
signal components, the lock-in pixel uses a high-speed LEFM for demodulating the SRS signal,
resistor-capacitor low-pass filter and switched-capacitor (SC) integrator with a fully CMOS
differential amplifier. In order to suppress further the residual offset and the low frequency
noise (1/f noise) components, a double modulation technique was proposed and introduced in the
SRS signal measurements. A lock-in imager with 10 x 10 pixels based on 0.11 z m CIS technology
was designed and developed. A lock-in camera for microscopy imaging was also developed using
the imager. Observation of the SRS spectra of benzonitril and stearic acid was demonstrated
using a pixel of the camera. Imaging of stearic acid crystals and lipid droplets in cells was also
demonstrated without labeling. The detection of spectra using two pixels was also demonstrated.
The availability of multi-focus SRS detection we proposed were confirmed using small

semiconductor pixels
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