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 Recent developments in fluorescence microscopy have enabled us to improve the spatial resolution 
in optical imaging beyond the diffraction barrier given by the wave nature of light. Controlling the 
emission capability of fluorescent probes labeling a sample by stimulated emission or photoactivation is 
the key to achieve a spatial resolution of a few tens of nanometers. Although this approach has a high 
potential to revolutionize biological imaging, it is not applicable to all types of optical microscopy. 
Label-free imaging techniques, such as Raman microscopy or harmonic generation microscopy, do not 
rely on fluorescence labeling to make the image contrast; hence, the above approach cannot be utilized for 
such microscopies. Even in fluorescence imaging, there are situations, such as in deep-tissue imaging, 
where precise control of the fluorescence emission capability is quite difficult. Therefore, the spatial 
resolution of such imaging techniques has been still limited to that of classical light microscopy. The 
realization of high-resolution chemical imaging and deep-tissue imaging is highly desired because of its 
expectedly strong scientific, medical, and industrial importance. 

In this thesis, I present the development of new microscopy techniques that combine laser 
scanning microscopy with structured illumination microscopy (SIM) in order to realize high-resolution 
label-free imaging and deep-tissue imaging. SIM improves the spatial resolution by using spatially 
patterned illumination light to effectively increase the resolving power of the microscope without relying 
on the optical responses of fluorescent probes. By introducing structured illumination in laser scanning 
microscopy, it is possible to implement high-resolution spectroscopical and non-linear excitation 
techniques to expand the availability of high-resolution microscopy. I applied this concept to Raman 
microscopy in order to improve the spatial resolution in label-free imaging. I also implemented structured 
illumination in two-photon excitation microscopy for high-resolution deep-tissue imaging.  

For the realization of label-free high-resolution imaging, I developed structured line 
illumination Raman microscopy. Sample is illuminated with a structured line pattern, and the Raman 
scattering from each point is observed using a slit-spectrometer. The obtained spatial pattern is 
mathematically processed in Fourier space to extract the high spatial resolution information at every 
wavenumber in parallel. I applied the technique to the observation of different kinds of specimens: 
polymer nanoparticles, graphene, graphite, and mouse brain tissue. The experimental result showed that 
spatial resolution in the slit direction is twice higher than that of conventional slit-scanning Raman 
microscopy. 

Two-photon excitation by NIR laser pulses was incorporated with the developed structured 
illumination microscope toward high-resolution deep-tissue imaging. The sample is illuminated with a 
structured spot rather than wide-field illumination. The spot diameter was 5-10 µm, which produces 
intense excitation light for two-photon excitation. An imaging theory treating the imaging characteristics 
of the structured spot illumination is presented. The improvement of spatial resolution in structured spot 
illumination is experimentally confirmed by the observation of fluorescence nanoparticles. This result 
indicates the possibility of high-resolution two-photon imaging of deep tissues of biological samples. 
�

�



� � � � � � � � � � � � � � � � � � � � � � � � � � ± � ā �

ç�~«�Ð©�Þ�g���Ô�

� � � � � � � ³ � k � ü � � � · î � ¯ � � � � � ý �

ç�~«��Ô�

� ü×ý� ³�������� k� �

�

Q�«�

a�«�

a�«�

a�«�

�

�

�

�

� � � ��� � � � � �

���

���

�Õ���

�

�

�

µ¿� Ö�

SM� ���

´é� ¬L�

�¿� ��� ü½l²ÙÃÇÅý�

�

�

�

ç�~«�Ð©�Þ��

�

�

� ¤xUç���ë«q°ðc¸ ù�ò*¾���ûÈô^áÙ�^Z	#�øÑ�ù�+CK2I0¶�óÁ*

ã��ÃÇ*�� �!���&����©�TN�ï%��&��

�

J°ðc¸ *ë«���Y�&���ù�ò¶*óÁ��ã��^Z�r"�f�ã��ÛZ�Ë*�û^áÙ�

à}�&�¶*�®���&�°ðc��F+I¸ 	#�3?57¸ *¾��ë«qù�ò�ÐYº�*��X

1ADHK1EI�#��âW��zö�ù�ò136B*°Ì���&��

�

J°ðc��F+I¸ *¾�&����ã��F@I�R3=/7G�^�*û�Èô^áÙ�h���&��Ä

���&�zö�°ðcF+I¸ *¾��F@Iù�ò*óÁ��0F;,I�.K>I8:4DK<Ê�.K>

I¥��½VÏÒ�ÍØÊ�½Vã��à}*Ü���&��'�#%��®�&�¶
t±�ã���Í°ð�ø

ªÚJ^¨à}��¾��&��*Ä���&��

�

J°ðc��3?57¸ �#&øÑ��ÛZ�Ë*åì�&ÛZù�ò
�®
'��&�zö�ĀZwù�ò�

�[��^f�ã��à}�£`�ù�ò*°Ì���&�°Ì��ù�ò*¾��ÛZã�*ûÈô^áÙ�à}

�&����b���&���Ð©���§¶�p÷����f�ÛZã��û^áÙà}
�®�&�¶�#%i

Ù��&��*Än���&��

�

� TM�#���¤xUç����¸ Z�°ðc�ë«��Ï�j)�
íáYù�¶*Á�
���§¶��à

}
p÷����ã��û^áÙà}�`¾��&��*Ä���&��®�&�¶*z»�&ÝÓ*zö�óÁ��

^Zù�ò	#�øÑ�Zxù�ò�ûÈô^áÙc*Ü��zö�±��¹ê�°�
'&ã��à}��¾��

�&��'$�Ð©���¾¹¼x�º�8:;-79/3�Á��|O�&��(
u���#��¤ç��es

ç����WX�&!��ä &��

�

 


