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Abstract

Abstract

Raman spectroscopy technique as a powerful tool to investigate the molecular
structure is widely used in material physics, biomedical, food safety and other fields.
However, Raman spectroscopy detection process of many substances such as
pharmaceuticals and food is always accompanied by strong fluorescence interference.
The existence of fluorescence seriously affects the recognition of the characteristic
peak of Raman spectrum. Moreover, the noise and dark current of the detector itself
badly affect the detection of weak Raman characteristic peak. Therefore it is
important to take measures to suppress fluorescence interference and to improve the
signal-to-noise ratio of Raman spectroscopy system.

Shifted excitation method is a simple and versatile method for fluorescent
suppression, which often adopts two excitation light source at closely spaced
wavelengths to excite the sample respectively to obtain two Raman spectra, and then
takes a difference of these two spectra to effectively eliminate the influence of
fluorescence. The principle of the shifted excitation method to suppress fluorescence
and the disturbance of reconstruction algorithm to overcome are analyzed, which is
used to extract Raman spectrum from the difference spectrum. Besides, a variety of
reconstruction algorithms are introduced in detail and Matlab simulation analysis are
performed.

We use a simple and efficient method to implement the shifted excitation
Raman spectrum measurement, which uses two closely space fixed-wavelength
semiconductor laser diodes stabilized with the VVolume Bragg Gratings technology as
excitation light source. By combining with fiber optical switch, Raman probe,
grating spectral optical path and spectral data acquisition module, we construct a
Raman spectroscopy system for shifted excitation experiment. To improve the
quality of spectral data acquisition, we choose a high sensitivity, low dark current

back-thinned area array CCD as the detector and design the high-performance



Abstract

spectral data acquisition module which transmits Raman spectral data to PC software
through USB agreement. Besides, we achieves reconstructing the spectrum by
calling reconstruction algorithms of Matlab on this software.

After the wavelength calibration, the tests of dark current and repeatability of
the system are carried out. The results of tests show that the system effectively
reduces the dark current of CCD, would be able to detect the weak Raman spectral
signals with long time integration, and improves the signal-to-noise ratio of spectrum.
Besides, we performed the shifted excitation experiment of sesame oil in the
presence of strong fluorescent background using this system, and then compared the
spectra reconstructed from the difference spectrum with three different
reconstruction algorithms: the simple integration algorithm, the simple integration
with data interpolation algorithm, and the multiple energy constraint iterative
deconvolution algorithm. Experimental results prove that the constructed Raman
spectroscopy system is able to implement the shifted excitation Raman spectroscopy
measurement simply and efficiently, and the shifted excitation method can

effectively suppress fluorescence background.

Keywords: shifted excitation; Raman spectroscopy; reconstruction algorithm;

fluorescence suppression
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