
Ultra Light-sheet Macro Photography for Itera�vely Expanded Drosophila Connectome 

Professor Fu-Jen Kao 

 

The ini�a�ve in imaging a hugely expanded Drosophila brain via itera�ve expansion microscopy 
(ExM) will be discussed. Through ExM, 100X expansion of Drosophila brain has been demonstrated 
by enlarging the typically 0.6x0.3x0.2 mm sized brain to 60x30x20 mm, promising electron 
microscopy-like resolu�on (~3 nm) with op�cal microscopy (~300 nm) to resolve the synapse 
connec�on. 

 

The rapid and ultra-large-scale imaging of large �ssue samples will revolu�onize our understanding 
of the rela�onship between biological func�on and structure. Currently, commercially available 
imaging pla�orms, such as SmartSPIM, can acquire images with more than 100 million pixels at a 
data throughput rate of several GB per second (acquisi�on rate ~0.417 mm3 /s with a 4X lens). 
Taking the 100X expanded Drosophila brain as an example, its volume is approximately 15,000 mm3, 
and the expected 3D scanning is es�mated to be approximately 36,000 seconds (~10 hours). As a 
comparison, the imaging speed of a spinning disk confocal microscope is only ~0.0058mm3 /s with a 
10X lens, making it very challenging to image the whole 100X expanded brain. 

 

We es�mate that our ultra Lightsheet-based macro photography pla�orm can achieve a 3D image 
rate of ~4 mm3/s with a 2X lens, an order of magnitude faster than SmartSPIM. 
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CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

30. Chin-Jen Lin and Fu-Jen Kao, Harmonic Generation Microscopy of Dental Sections, CLEO/Pacific Rim 2003.12, 

Taipei, Taiwan. 

31. Jian-Cheng Chen, Te-Chen Yang and Fu-Jen Kao, Laser Scanning Microscopy of Enamel and Dentin Sections 

With Two-Photon Fluorescence and Second Harmonic Generation, CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

32. Jian-Cheng Chen, Chia-Yao Lo, Sheng-Long Huang and Fu-Jen Kao, The Use of  Fluorescence Confocal 

Microscopy in Mapping  CR+3  Profile Within The Yag Crystal Fiber, CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

33. Xin Hong, Chifang Chang, Chiyu Jiang and Fu-Jen Kao, Photobleaching of Dendrimer Under Multi-Photon 

Excitation, CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

34. Elena Perevedentseva, Artashes Karmenyan, Arthur Chiou, Fu-Jen Kao, Nonlinear Optical Spectroscopy of Biotin 

and Biotin Ester : Two-Photon Fluorescence and Second Harmonic Generation, CLEO/Pacific Rim 2003.12, Taipei, 

Taiwan. 

35. Fu-Jen Kao, Mao-Kuo Huang, Yung-Shun Wang, Sheng-Lung Huang and Chi-Kuang Sun, Two-Photon Optical 

Beam Induced Current Imaging of Indium Galliunm Nitride Blue Leds, CLEO/Pacific Rim 2003.12, Taipei, 

Taiwan. 

36. Te-Chen Yang and Fu-Jen Kao, Two-Photon UV Fluorescence Excitation of The Amino Acids by a Frequency 

Doubled Femtosecond Optical Parametric Oscillator, CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

37. Elena Perevedentseva, Fu-Jen Kao, Micro-Spectroscopy of Two-Photon Autofluorescence From PC12 Cells, 

CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

38. Fu-Jen Kao, Jian-Cheng Chen and Sheng-Lung Huang, Optical Beam Induced Current Microscopy at Dc and 

Radio Frequency, CLEO/Pacific Rim 2003.12, Taipei, Taiwan. 

39. (Invited) Fu-Jen Kao, “Non-labeling Biosensing :Micro-Surface Plasmon Resonance Imaging and Cellular Vitality 

of PC12 Cells Revealed through Two-photon Auto-fluorescence”,International Conference on Nanophotonics, 

January, 2004, Hakone, Japan. 

40. Fu-Jen Kao, Use of Optical Parametric Oscillator in Scanning Optical Microscopy, SPIE 2004. 1, San Jose, 

California, USA. 

41. Fu-Jen Kao, Optical Beam Induced Current Microscopy at Radio Frequency, SPIE 2004.1, San Jose, California, 

USA. 

42. X. Hong and F. Kao, Optical Biosensor Based on Localized Surface Plasmon Resonance With High Spatial 

Resolution, SPIE 2004. 1, San Jose, California, USA. 

43. Kao, F.J. & Hong, X., “Nano-Particle based plasmonics microscopy”, Focus on Microscopy 2004, Philadelphia, 

U.S.A. 

44. J. C. Chen, C. Y. Lo, K. Y. Huang, C. C. Lai, P. L. Huang, Y. H. Lin, F. J. Kao, S. L. Huang, and Y. S. Lin, 2004, 

“Mapping of Cr ions and refraction index profile in Cr:YAG crystal fiber with double-cladding structure,” Conf. on 

Lasers and Electro-Optics (CLEO), paper CTuU7, San Francisco, CA, U.S.A.  

45. (Invited Speaker) Fu-Jen Kao, Economy, (Photonics) Industry, and Academia in Taiwan, Plenary Session, 

SAMAHANG PISIKA NG PILIPINAS, SPP2004, Oct. 2004, Bohol, Philippines. 

46. (Invited Speaker) Fu-Jen Kao and Peng-Hsiang Weng, Signal Processing and OBIC Microscopy, SAMAHANG 

PISIKA NG PILIPINAS, SPP2004, Oct. 2004, Bohol, Philippines. 

47. (Invited Speaker) Fu-Jen Kao and Chin-Ying Stephen Hsu, “Harmonic Generation Microscopy of Dental Sections”, 

Photonics Asia, SPIE 2004. 11, Beijing, China. 

48. Fu-Jen Kao and Chin-Ying Stephen Hsu, “Laser Scanning Microscopy as a Versatile Platform: Imaging based on 

Nonlinear and Ultrafast Effects”, Photonics Asia, SPIE 2004. 11, Beijing, China. 

49. Peng-Hsiang Weng and Fu-Jen Kao, Modulation Based Time Resolved Laser Scanning Microscopy, The Second 

Asian and Pacific Rim Symposium on Biophotonics (APBP 2004) December 15-17, 2004, National Taiwan 

University, Taipei, Taiwan. 

50. Fu-Jen Kao, “High Definition Confocal Microscopy through Lock-in Detection”, Focus on Microscopy 2005, 

March, 2005, Jena, Germany. 



51. (Invited Speaker) Fu-Jen Kao, “Time-resolved OBIC microscopy”, International Workshop on the Physics of 

Semiconductor Devices”, New Delhi, India, December 13 - 17, 2005. 

52. (Invited Committee Member) Fu-Jen Kao, “Time-resolved optical beam induced current imaging with the 

frequency domain technique”, Focus on Microscopy 2006, April 9~12, Perth, Australia  

53. (Invited Speaker) Fu-Jen Kao, FLIM/FRET_a Novel Tool for Molecular Dynamics Imaging, Nanophotonics 

Laboratory, May 18, 2006, RIKEN, Tokyo, Japan. 

54. (Invited Speaker) Fu-Jen Kao, Japan Spectroscopy Society at Tokyo Institute of Technology, “Investigating 

photonics devices with ultrafast laser based RF spectroscopy and microscopy”, May 17, 2006. 

55. (Invited Speaker)  Fu-Jen Kao, “FLIM/FRET-a novel tool for molecular dynamics imaging”, The 11th Symposium 

on Recent Advances in Biophysics, May 24-26, 2006, National Taiwan University, Taipei. 

56. (Invited Speaker)  Fu-Jen Kao, FLIM/FRET-a novel tool for molecular dynamics imaging, 12th NSRRC Users' 

Meeting & Workshops, October 3-4, 2006, Hsinchu,. 

57. (Invited Committee Member) Fu-Jen Kao, Application of fluorescence resonance energy transfer resolved by 

fluorescence lifetime imaging microscopy for the detection of enterovirus 71 infection in cell, Focus on 

Microscopy 2007, April 10~13, 2007, Valencia, Spain. 

58. (Invited) Fu-Jen Kao, Development and Applications of FLIM/FRET at Yang-Ming University_ a powerful tool to 

elucidate molecular dynamics in biology, May 12~15, 2007 Hamano Foundation, Kobe, Japan.. 

59. (Invited) Fu-Jen Kao, Shedding Light on Dynamics with Time-resolved Microscopy, September 25~29, 2007, 

University of Strathclyde, Glasgow, UK. 

60. (Invited Speaker) Fu-Jen Kao, Implementing Time-Resolved Microscopy for Molecular Dynamics, Hamano-Kobe 

International Symposium on “Laser and Nano/Bio Sciences”, October 19-20, 2007, Kobe, Japan. 

61. (Invited Speaker) Fu-Jen Kao, Time-Resolved Microscopy for Molecular Dynamics and Selected Emerging 

Biophotonics Platforms, Canada-Taiwan Joint Workshop on Emerging Photonic Applications in Medicine, 

November 13~14, 2007, Taipei, Taiwan. 

62. (Invited Speaker) Fu-Jen Kao, Cellular Molecular Dynamics Revealed through Autofluorescence and Multi-

channel FLIM, International Symposium on Advanced Techniques for Molecular Imaging, December 15-16, 2007, 

NCHU, Taichung, Taiwan. 

63. (Invited Speaker) Fu-Jen Kao, Implementing Time-Resolved Microscopy for Molecular Dynamics, The 5th Asian 

Conference on Ultrafast Phenomena in Singapore, 6~9 January 2008, Singapore.  

64. (Invited) Fu-Jen Kao, Cellular Molecular Dynamics Revealed through Autofluorescence and FLIM, February 15, 

2008, Swinburne University, Melbourne, Australia. 

65. (Invited) Fu-Jen Kao, Cellular Molecular Dynamics Revealed through Autofluorescence and FLIM, March 5, 2008, 

University of Ottawa, Ottawa, Canada. 

66. (Invited) Fu-Jen Kao, Cellular Molecular Dynamics Revealed through Autofluorescence and Fluorescence 

Lifetime Imaging Microscopy (FLIM), March 6, 2008, National Research Council, Ottawa, Canada. 

67. (Invited Speaker) Fu-Jen Kao, Cellular Molecular Dynamics Revealed through Autofluorescence and 

FLIM, Focus on Microscopy 2008, April 13~16, 2008, Awaji, Japan. 

68. Fu-Jen Kao, Vladimir Gukkasyan, and Po-Yen Lin, Cellular Molecular Dynamics Revealed through 

Autofluorescence and Fluorescence Lifetime Imaging Microscopy, ICWIP of IUPAP, October 8-10, 2008, Seoul, 

Korea. 

69. (Invited Speaker) Fu-Jen Kao, Vladimir Gukkasyan, and Po-Yen Lin, Correlating Cellular Metabolic Status with 

the Lifetime of Autofluorescence from NADH, AOE 2008, Oct. 30 to Nov. 2, Shanghai, China. 

70. (Invited Speaker) Fu-Jen Kao, Autofluorescence and Second Harmonic Microscopy Imaging with Time-resolved 

Photon Counting, 6th Advanced Imaging Methods Workshop, Jan. 21~23, 2009, UC Berkeley, California, USA. 

71. (Invited Speaker) Fu-Jen Kao, Imaging dental sections with polarization-resolved SHG and time-resolved 

autofluorescence, Photonics West 2009, Jan. 24~29, 2009, San Jose, USA. 

72. (Invited Committee Member) Fu-Jen Kao, Monitoring Cellular Metabolism with Fluorescence Lifetime of 

Reduced Nicotinamide Adenine Dinucleotide, Focus on Microscopy 2009, April 4~8, 2009, Krakow, Poland. 

73. (Invited Speaker) Fu-Jen Kao, Monitoring Cellular Metabolism with Fluorescence Lifetime of Reduced 

Nicotinamide Adenine Dinucleotide, the 8th International Conference on Photonics and Imaging in Biology and 

Medicine, Aug. 8-10, 2009, Wuhan, China. 

74. (Invited Speaker) AOE 

75. (Invited Speaker) Fu-Jen Kao, Visualizing Cellular Metabolism with Fluorescence Lifetime of Reduced 

Nicotinamide Adenine Dinucleotide, Molecular Imaging for Systems Biology, Nov. 6, 2009, Okazaki, Japan. 

76. (Invited Speaker) Fu-Jen Kao, Microscopy for Molecular Dynamics, Dept. of Chemistry, University of Tokyo, 

Nov. 9, 2009, Tokyo, Japan. 

77. (Invited Speaker) Fu-Jen Kao, Multiphoton Polarization Microscopy: Pushing the limits, 9th Annual Workshop on 

FRET Microscopy W. M. Keck Center for Cellular Imaging (KCCI) University of Virginia, Charlottesville, Mar. 8-

12, 2010. 

78. (Invited Committee Member) Fu-Jen Kao, Cellular Metabolism Revealed with Polarization Resolved 

Fluorescence Lifetime of NADH, Focus on Microscopy 2010, Mar. 26~28, 2010, Shanghai, China. 

79. (Invited Speaker) Fu-Jen Kao, Monitoring Cellular Metabolism with Polarization Resolved Autofluorescence 

Lifetime of NADH the 4th Advanced Optical Methods Workshop, May 19~21, 2010, Shenzhen, China. 



80.  (Invited Speaker) Fu-Jen Kao, Long-distance Fluorescence Lifetime Imaging Using Stimulated Emission_ a 

Feasibility Study W. M. Keck Center For Cellular Imaging (Kcci) University of Virginia, Charlottesville, Mar. 8-

13, 2011. 

81. (Invited Committee Member) Fu-Jen Kao, Long-distance Fluorescence Detection Using Stimulated 

Emission, Focus on Microscopy 2011, Apr. 17~20, 2011, Konstanz, Germany. 

82. (Invited Speaker) Fu-Jen Kao, Coming opportunities for nonlinear optical microscopy - with focus on molecular 

dynamics imaging, 2011 International Conference on Functional Optical Imaging (FOI ’11), Ningbo, China, Dec. 

3-4, 2011 

83. (Invited Committee Member) Fu-Jen Kao, Long Working Distance Fluorescence Lifetime Imaging through 

Stimulated Emission, Focus on Microscopy 2012, Apr. 1~4, 2012, Singapore. 

84. (Invited Speaker) Fu-Jen Kao, Long working distance fluorescence lifetime imaging through stimulated emission, 

the 5th Advanced Optical Methods Workshop, May 9~11, 2012, Shenzhen, China. 

85. (Invited Speakers) Fu-Jen Kao, Fluorescence Lifetime Imaging at Long Working Distance through Stimulated 

Emission, The International Summer Course and Workshop on Single Molecule/Nanoparticle Spectroscopy and 

Imaging, NTHU/NCTU Frontier Research Center on Fundamental and Applied Sciences of Matters, June 25-28, 

2012. 

86. (Invited Speaker) Fu-Jen Kao, Long Working Distance Fluorescence Lifetime Imaging through Stimulated 

Emission, Biomedical Molecular Imaging 2012 & The Second Molecular Imaging Center Symposium, Naluwan 

Resort Hotel, Wulai Dist., New Taipei City, Taiwan, Dec. 10-11, 2012. 

87. (Invited Speaker) Fu-Jen Kao, Pump-probe based FLIM revisited, 12th Annual Workshop on FRET Microscopy 

W. M. Keck Center for Cellular Imaging (KCCI), University of Virginia, Charlottesville, USA, Mar. 11-16, 2013. 

88.  (Invited Speaker) Fu-Jen Kao, Enhancing Stimulated Emission based Fluorescence Detection with 

Interferometric Setup, The 1st Taiwan-Korea Bilateral Biophysics Conference, Jun. 26, 2013. 

89. (Program Chari) Fu-Jen Kao, The 2nd BioPhotonics Conference, National Taiwan University, Taipei, Taiwan, 

July 16-19, 2013. 

90.  (Invited Speaker) Fu-Jen Kao, 生醫影像科技推進現代科學新里程, 次世代細胞分子影像產業發展趨勢研討

會 by ITRI, Taipei, Taiwan, Sep. 11, 2013. 

91. (Invited Speaker) Fu-Jen Kao,Enhancing Stimulated Emission based Fluorescence Detection with Interferometric 

Setup JSAP-OSA Joint Symposium, Kyoto, Japan, Sep. 16-19 2013. 

92. (Invited Speaker) Fu-Jen Kao, Stokes’ vector based polarization resolved second harmonic generation microscopy, 

第三届海峡两岸生物医学光学/生医光电学术研讨会, Shenzhen, China, Sep. 23-24, 2013. 

93. (Invited Speaker) Fu-Jen Kao, Long Working Distance Fluorescence Lifetime Imaging through Stimulated 

Emission, Annual Symposium on Biomedical Engineering and Technology, National Tsing Hwa University, Hsin-

Chu, Taiwan, Nov. 15-16, 2013. 

94. (Invited Speaker) Fu-Jen Kao, Enhancing Stimulated Emission based Fluorescence Detection with 

Interferometry2nd DYCE-ASIA Workshop / ISSP International Workshop on “Life Science and Photonics”, The 

University of Tokyo, Kashiwa, Chiba, Japan, Dec. 17-18, 2013. 

95. (Invited Speaker) Fu-Jen Kao, Enhancing stimulated emission-based fluorescence detection with interferometric 

setup, BiOS, Photonics West, San Francisco, USA, Feb. 1-6, 2014.   

96. (Invited Speaker and Session Chair) Fu-Jen Kao, Recent development in endoscopic surgery at NYMU, Japan 

Taiwan Bilateral Conference on Biomedical and Plasmonic Imaging, NTU, Taipei, Taiwan,  Apr. 13~16, 2014. 

97. (Invited Committee Member) Fu-Jen Kao, Stimulated emission-based fluorescence detection enhanced with 

interferometric setup, Focus on Microscopy 2014, Sydney, Australia, Apr. 13~16, 2014. 

98. (Invited Speaker) Fu-Jen Kao, LED lighting for Video-Assisted Thoracic Surgery,  2014 Biomedical Electronics 

EMC Workshop, Taipei, Taiwan, May 23, 2014. 

99. (Invited Speaker) Fu-Jen Kao, Stimulated Emission based Fluorescence Detection,  Advanced Imaging Workshop 

in Shenzhen, Shenzhen, China, Jul. 14-16, 2014. 

100. (Invited Speaker) Fu-Jen Kao,  On how to interact with male colleagues_ a male’s point of view, 5th IUPAP 

International Conference On Women In Physics, Waterloo, Canada,  Aug. 5-8, 2014. 

101. (Invited Speaker) Fu-Jen Kao, Stimulated Emission Based Fluorescence Detection,  The 15th RIES International 

Symposium 'Hibiki', Hokkaido University, Sapporo, Japan, Dec. 15-16, 2014. 

102. (Invited Speaker) Fu-Jen Kao, Recent Developments in Endoscopy at NYMU,  RSE-MOST Bilateral Workshop, 

Edinburgh, Scotland, UK, Jan. 7-8, 2015. 

103. (Fellow) Fu-Jen Kao, Revealing starch denaturation with SHG microscopy, BiOS, Photonics West, San Francisco, 

USA, Feb. 7-12, 2015. 

104. (Invited Speaker) Fu-Jen Kao, Stimulated emission based fluorescence detection, International Symposium on 

Frontiers in Bioimaging” at the Institute of Atomic and Molecular Sciences (IAMS), Academia Sinica,  October 

26-27th, 2015, Taipei, Taiwan. 

105. (Chair and Organizer) Fu-Jen Kao, Focus on Microscopy 2016, Taipei, Taiwan, Mar. 23-26, 2016. 

106. (Invited Speaker) Fu-Jen Kao, Stimulated emission based fluorescence detection, BIOMATSEN2016, İstanbul, 

Turkey, Jun. 1-3, 2016. 

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6154816&contentType=Conference+Publications&sortType%3Dasc_p_Sequence%26filter%3DAND%28p_IS_Number%3A6154811%29
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6154816&contentType=Conference+Publications&sortType%3Dasc_p_Sequence%26filter%3DAND%28p_IS_Number%3A6154811%29


107. (Committee Member) Fu-Jen Kao, Fiber Based Illumination for Miniature Endoscopy, The 77th Autumn Meeting 

of JSAP, Niigata, Japan, Sep. 13~16, 2016. 

108. (Invited Speaker) Fu-Jen Kao, Stimulated emission based fluorescence detection, 

IWAMSN2016, Halong Bay, Vietnam, Nov. 8~12, 2016. 

109. (Keynote Speaker) Fu-Jen Kao, Stimulated Emission and Pump-Probe Microscopy, International Conference on 

Light and Light based technologies, Tezpur University, Assam, India, Nov. 26~28, 2016. 

110. (Invited Speaker) Fu-Jen Kao, Stimulated emission based fluorescence detection, Asia Student Photonics 

Conference, Manipal University, Manipal, India, Dec. 12-14, 2016. 
111. (Committee Member) Fu-Jen Kao, Fiber Based Illumination for Miniature Endoscopy, Focus on Microscopy 

2017, Apr. 9~12, 2017. 

112. (Plenary Speaker) Fu-Jen Kao, Stimulated Gain and Spontaneous Loss Imaging in Pump-Probe Microscopy, The 

2nd International Forum on Surface and Microscopy, Harbin, China, Aug. 8-9, 2017. 

113. (Invited Speaker) Fu-Jen Kao, A Flashback on Pump-Probe Microscopy, International Nanophotomics 

Symposium (IP2017), Ito, Japan, Aug. 25-27, 2017. 

114. (Plenary Speaker) Fu-Jen Kao, Pump-Probe Microscopy with Stimulated Emission Modulation, Fifth 

International Meeting on Frontiers of Physics (IMFP2017), Kuala Lumpur, Malaysia, Dec. 3-7, 2017. 

115.  (Committee Member) Fu-Jen Kao, Polarization resolved second harmonic microscopy, Photonics West 2018, Jan. 

26-Feb.2, 2018. 

116.  (Committee Member) Fu-Jen Kao, Fiber Based Illumination for Miniature Endoscopy, Focus on Microscopy 

2018, Apr. 9~12, 2018. 

117. (Plenary Speaker) Fu-Jen Kao, Conceiving the Future of  Optical Microscopy, International Symposium on 

Advances in Biomedical Optics and Applications, Manipal, India, Mar. 21-22, 2018. 

118. (Invited Speaker) Fu-Jen Kao, Time resolved imaging with stimulated Emission in Pump-Probe Microscopy, 12th 

Workshop And Conference On Advanced Multiphoton And Fluorescence Lifetime Imaging Techniques: Flim 2018, 

Max Born Institute, Berlin-Adlershof, Germany, June 15 – 16, 2018. 

119.  (Invited Speaker) Fu-Jen Kao, Time resolved imaging with stimulated Emission in Pump-Probe Microscopy, 20th 

Anniversary International Conference on Transparent Optical Networks ICTON 2018, Bucharest, Romania, July 1-

5, 2018 

120.  (Plenary Speaker) Fu-Jen Kao, Coherent narrow-band light source for ultraslim endoscopes, 10th International 

Symposium on Precision Engineering Measurements and Instrumentation, Kunming, China, Aug 8-10, 2018. 

121.  (Special Lecture Speaker) Fu-Jen Kao, Stimulated emission, a novel modality for fluorophore detection, 2018 

NAIST Symposium, Nara, Japan, Nov. 26-27, 2018. 

122.  (Plenary Speaker) Fu-Jen Kao, Stimulated emission, a novel method for fluorophore detection, IONS@School of 

Life Sciences, MAHE, Manipal, India, January 11-14, 2019 

123.  (Invited Speaker) Fu-Jen Kao, OTG based mobile endoscopy, COST meeting "Multimodality in laser scanning 

microscopy based on far field and near field", Polytechnic University of Bucharest, Bucharest, Romania, Apr. 10-

11, 2019. 

124.  (Invited Committee Member) Fu-Jen Kao, Definition Stimulated Emission Microscopy with Synchronized 

Subharmonic Modulation, Focus on Microscopy 2019, London, United Kingdom, April 14-17, 2019. 

125.  (Invited Speaker) Fu-Jen Kao, Mobile (phone based) Endoscopy and Microscopy, The 8th International Summer 

Course on Nano Material Discovery, NCTU, Hsin-Chu, Taiwan, June 24-26, 2019. 

126.  (Invited Speaker) Fu-Jen Kao, Pump-probe Microscopy with Stimulated Emission, The 9th WACBE World 

Congress in Bioengineering, National Taiwan University, Taipei, Taiwan, August 16-19, 2019. 

127.  (Keynote Speaker)) Fu-Jen Kao, Synchronized Subharmonic Modulation in Stimulated Emission Microscopy, 

International Forum on Microscopy 2019, Beijing, China, September 6-8, 2019. 

128.  (Invited Speaker) Fu-Jen Kao, Synchronized Subharmonic Modulation in Stimulated Emission Microscopy, 

BioPhotonics 2019: The 4th International Conference on Biophotonics, National Taiwan University, Taipei, 

Taiwan, Sep. 15-18, 2019. 

129.  (Invited Speaker) Fu-Jen Kao, Synchronized Subharmonic Modulation in Stimulated Emission Microscopy TOIN 

Biomedical Engineering Symposium, TOIN, Yokohama, Japan, November 15-16, 2019. 

130.  (Invited Speaker) Fu-Jen Kao, Pump-probe Microscopy with Stimulated Emission, APPC 2019:14th Asia-Pacific 

Physics Conference, Kuching, Malaysia, November 16-21, 2019. 

131. (Invited Speaker) Fu-Jen Kao, Synchronized subharmonic modulation in stimulated emission microscopy, 

Photonics West 2020 of SPIE, San Francisco, USA, February 1-6, 2020. 

132. (Invited Speaker) Fu-Jen Kao, Synchronized subharmonic modulation in stimulated emission microscopy, ACS 

Fall 2020 National Meeting & Exposition in San Francisco, CA, August 17-20, 2020. Online 

133. (Invited Speaker) Fu-Jen Kao, Advances in nonlinear optical microscopy, Webinar on Light-Matter Interaction for 

Biophysics Research, Manipal, India, December 22, 2020. Online 

134. (Committee Member) Fu-Jen Kao, Microcirculation Diagnosis with Synchronous Electrocardiography Capturing 

and Contrast Enhancing Illumination, Focus on Microscopy 2021, Amsterdam, Netherland, March 28~31, 2021. 

Online 



135. (Inaugural Talk) Fu-Jen Kao, Shedding light on Photonics Materials and Devices, Workshop on “Applications of 

Laser Based Imaging in Material Science (ALBIMS)”, Jagannath Baruah College, Assam, India, 11-12 March, 

2022. Online 

 

 

Appendix 5: Patents 
1. 00388575 of Taiwan, ROC, pulsed green light laser pointer, NSC86-2622-E-110-006, 2000/04/21.(Model patent) 

2. 00424354 of Taiwan, ROC, Frequency stabilized passive Q-switch laser, 2001/03/01.(Invention) 

3. 00425740 of Taiwan, ROC, Two-mirror stereo ring resonant cavity, NSC86-2622-E-110-006, 2001/03/11. 

(Invention) 

4. US Patent 6,335,942 B1, Frequency stabilized passively Q-switched laser, Jan 1, 2002. 

5. New invention I222539 of Taiwan, ROC, Confocal fiber coupling for micro-spectroscopy, 2004/10/21. 

6. -I222539- A confocal microscopic fiber coupling system, 2004/10/21 

7. -I252312-  Realtime microparticle sorting/manipulation system, 2006/04/01 

8. -I257204-  Weak signal scanning microscopy, 2006/06/21 

9. -I257268-  Time-resolved electro-luminescence mapping microscopy, 2006/06/21 

10. -I266892-  Variable scanning rate optical beam induced current microscopy, 2006/11/21 

11. -M331881-  A multi-function lighting and warning mosquito expeller, 2008/05/11  

12. -M340042-  Micro-heatpipe based cold and hot pad,  2008/09/11 

13. -M345495-  Clothe having temperature-controlling device based on solar energy, 2008/12/01 

14. -I306949-   Methods and instruments for carrier diffusion measurement in semiconducting  photonics devices,

 2009/03/01 

15. -M357865-   Laser emission device, 2009/06/01 

16. -I315690-   A confocal plane imaging feedback optical system and method for laser engraving, 2009/10/11 

17. -I329207-  Modulation differential confocal microscopy, 2010/08/21 

18. -I329010-  Micro heat pipe based hot pad, 2010/08/21 

19. -I338117-  Oven based on diode with function of partial heating, 2011/03/01,097110306  

20. -I348889-  Pest collection device 2011/09/21 097144337  

21. -M414765-  Micro generator system 2011/10/21 100209411 

22. -I355259-   Confocally coupled fiber based spectrometer attachment for slit lamp, 2012/01/01 097146129  

23. -I376080-  Magnetic induction and energy storage system, apparatus and use thereof, 2012/11/01 097119497 

24. -I385251-  Transfection with micro explosion enacted by coated dry ice particles 2013/02/11 099124780  

25. -I415007-  Induction charged RFID system and execute method thereof 2013/11/11 098131503  

26. -I463131-  Optical detection system, 2014/12/01, 100134854 

Appendix 6: Technical Reports and Domestics Journals 
1. Fu-Jen Kao, Introduction to Optical Parametric Oscillator, Physics BiMonthly, 16 (4), p445-452, 1994. 

2. Fu-Jen Kao, Applications of Ultrafast Laser in Confocal Microscopy, Instruments Today 17(6), p19-24, 1996. 

3. Sheng-Lung Huang, Fu-Jen Kao, and Hong-Sheng Hsieh, Small Frame Green Laser, Engineering Communiqué, 

Vol.21, 1996. 

4. Yung-Shun Wang, Cheng-Yu Wang, and Fu-Jen Kao, Nonlinear Optics in Confocal Microscopy, Physics 

BiMonthly, 20 (6), p632-639, 1998. 

5. Fu-Jen Kao and Yung-Shun Wang, Introduction to Two-Photon Confocal Microscopy, Optics News, 76, p14-19, 

1999. 

6. Mou-Kuo Huang, Yung-Shun Wang, Cheng-Yu Tsai, and Fu-Jen Kao, Characteristics and Applications of Two-

photon confocal microscopy, Vol 21(2), p56,-66, 1999. 

7. Fu-Jen Kao, Two-photon micro-spectroscopy, Engineering Communiqué, Vol.47 (Cover), 2000. 

8. Yi-Ming Wang, Liang-An Wei, and Fu-Jen Kao, Notes on Recent Developments of Confocal Microscopy, 

BiMonthly, 23 (2), p329-334, 2001. 

9. Fu-Jen Kao and Chia-Li Yeh, Applications of Confocal Microscopy on Bio-Medical Related Studies I, Optics 

News, Vol. 96, p10-13, 2002. 

10. Fu-Jen Kao and Chia-Li Yeh, Applications of Confocal Microscopy on Bio-Medical Related Studies II, Optics 

News, Vol. 98, p34-39, 2002. 

11. Fu-Jen Kao and He-Che Kuo, Micro-spectroscopy of Single Cells under 1-photon and Two-photon Excitation, 

Instruments Today, Vol.25 (5), p22-31, 2004. 

 

Appendix 7: NSC Projects  
NSC83-0208-M-110-050 Time-resolved scanning probe microscopy 

NSC84-2216-E-110-018 Investigation of the fundamental photonics properties of conjugated polymer: Subproject 4, 

84-631. 

NSC85-2112-M-110-003 Observation of quantum confined structures with spectrally resolved microscopy, 85-656. 

http://www.twpat.com/Webpat/searchZone/patdetail.aspx?pnid=270121574&from=patsearch
http://www.twpat.com/Webpat/searchZone/patdetail.aspx?pnid=280070802&from=patsearch
http://www.twpat.com/Webpat/searchZone/patdetail.aspx?pnid=280080944&from=patsearch


NSC85-2216-E-110-020 Investigation of the fundamental photonics properties of conjugated polymer: Subproject 5, 

optical probing of conjugated polymer based devices’ interfaces, 85-671. 

NSC86-2112-M-110-010 Probing of thin films with confocal microscopy and fiber based light sources, 85-652. 

NSC86-2216-E-110-006 Investigation of the fundamental photonics properties of conjugated polymer: Subproject 5, 

optical probing of conjugated polymer based devices’ interfaces and defects, 86-612 

NSC86-2622-E-110-006 Development of small frame diode pumped solid state laser (2/3), Co-PI. 

NSC87-2622-E-110-002 Development of small frame diode pumped solid state laser (2/3), Co-PI. 

NSC87-2112-M-110-016 Investigation of thin film based micro-structure with confocal microscopy and ultrafast laser

（1/3） 

NSC88-2112-M-110-002 Investigation of thin film based micro-structure with confocal microscopy and ultrafast laser

（2/3） 

NSC88-2216-E-110-002 Investigation of the fundamental photonics properties of conjugated polymer: Subproject 5, 

OBIC microscopy of conjugated polymer based devices as a function of temperature. 

NSC89-2112-M-110-016 Investigation of thin film based micro-structure with confocal microscopy and ultrafast laser

（3/3）NT$784,400 

NSC89-2216-E-110-003 Investigation of the fundamental photonics properties of conjugated polymer: Subproject 5, 

OBIC microscopy of conjugated polymer based devices as a function of temperature. NT$608,400 

NSC89-2112-M-110-027 RF OBIC and two-photon induced photo-damage 

NSC90-2112-M-110-010 SH microscopy, NT$1,572,400 

NSC91-2736-L-110-001 Localized SPR based microscopic bio-sensing, NT$2,246,900 

NSC91-2112-M-110-009 Development and applications of advanced laser scanning microscopy (1/3), NT$2,366,400 

NSC92-2112-M-110-004 Development and applications of advanced laser scanning microscopy (2/3), NT$2,016,400 

NSC93-2112-M-110-002 Development and applications of advanced laser scanning microscopy (3/3), NT$1,465,600 

NSC93-2622-E-110-015-CC3 Non-contact and variable scan rate OBIC microscopy, NT$337,900 

NSC94-2112-M-110-017- Development of time-resolved microscopy (1/3), NT$4,342,000 

NSC95-2112-M-010-001- Development of time-resolved microscopy (2/3), NT$1,964,000 

NSC 96-2112-M-010-001- Development of time-resolved microscopy (3/3), NT$1,917,000 

NSC95-3112-B-010-015- Multiple modality microscopy imaging platform (1/3), NT$4,001,000 

NSC96-3112-B-010-008- Multiple modality microscopy imaging platform (2/3), NT$3,862,000 

NSC97-3112-B-010-006- Multiple modality microscopy imaging platform (3/3), NT$1,223,000 

NSC97-2112-M-010-002-MY3- A unified ultrasensitive multiphoton multidimensional imaging platform for 

autofluorescence based diagnosis and imagingNT$5,816,000 

NSC98-2112-M-010-001-MY3, Digital FLIM-CARS Microscopy: Elucidating Hepatitis C Host-Virus Dynamics, 

NT$10,138,000 

MOST101-2321-B-075-003-,以感應驅動 LED為腔體微創手術之背景照明光源, 2012/03/01~2013/02/28, Co-I, 

NT$1,000,000 

MOST101-2627-M-010-002-整合分子影像與生物科技研發以 VEGF-EGF 融合蛋白為基礎之腫瘤診斷與治療藥物

－血管內皮生長因子與表皮生長因子融合蛋白的分子動力研究與結構分析(子計畫二)(3/3), 

2012/08/01~2013/07/31, PI, NT$1,302,000 
MOST102-2622-M-010-001-CC2多功能數位顯微鏡(1/2), 2013/02/01~2014/05/31, PI, NT$667,000 

MOST102-2112-M-010-003-MY3同調螢光偵測與生命期影像, 2013/08/01~2016/07/31, PI, NT$5,438,000 

MOST103-2114-M-174-001-全國性學術團體辦理學術推廣業務計畫 (中華民國物理學會), PI, 

2014/01/01~2014/12/31, NT$2,700,000 

MOST104-2911-I-010 -510 -分子指紋顯微鏡用於生物和地質光子學 (1/1) , 龍門計畫(補助任務導向型團隊赴國外

研習) 

MOST104-2114-M-174-001-全國性學術團體辦理學術推廣業務計畫 (中華民國物理學會), 2015/01/01~2015/12/31, 

PI, NT$2,700,000 

MOST105-2112-M-010-001-MY3激發放射之深層與共軛焦成像, 2016/08/01~2019/07/31, PI, NT$6,348,000 

MOST106 -2911-I-010 -505 -雙邊研究計畫(科技部與英國愛丁堡皇家學院國際合作人員交流計畫), 高成本效益之

光譜解析醫學影像  2016/04/01 ~  2018/03/31, PI, NT$480,000 

MOST108-2112-M-010-001-受激放射光子計數顯微術, 2019/08/01~2022/07/31 

MOST109-2927-I-010-502先端之海洋顏色遙感技術於濕地測繪和基於自發螢光與受激發射的葉綠素濃度監測

109/04/01~111/3/31, PI, NT$480,000 

 

Appendix 8: Technology and Methodology developed  
1991 CPM based high power femtosecond amplified dye laser system, Cornell University, U.S.A. 

1992 Time-of-flight pulse counting mass spectrometer, Cornell University, U.S.A. 

1994 Picosecond KTP based optical parametric oscillator synchronously pumped by mode-locked Ti:sapphire laser, 

IAMS, Academia Sinica, Taiwan. 



1994 Actively mode-locked diode-pumped Nd:YLF laser, National Sun Yat-sen University, Taiwan. 

1995 CW diode-pumped Nd:YVO4 laser, National Sun Yat-sen University, Taiwan. 

1995 Spectrally resolved confocal microscope, National Sun Yat-sen University, Taiwan. 

1996 Pulse counting based and spectrally resolved confocal microscope, National Sun Yat-sen University, Taiwan. 

1996 Optical beam induced contrast (OBIC) imaging by laser scanning microscope, National Sun Yat-sen 

University, Taiwan. 

1996 Coherent bundled-fiber based endoscope for oral imaging, National Sun Yat-sen University, Taiwan. 

1997 High extinction ratio polarization sensitive laser scanning microscope, National Sun Yat-sen University, 

Taiwan. 

1997 Green (532 nm) battery powered laser pointer, National Sun Yat-sen University, Taiwan. 

1998 A high performance two-photon confocal microscope, National Sun Yat-sen University, Taiwan. (The first 

successful installation in Taiwan) 

1998 Ultrahigh sensitivity laser fluorescence microscope with liquid nitrogen cooled CCD camera, National Sun 

Yat-sen University, Taiwan. 

1999 Two-photon photocurrent laser scanning microscope, National Sun Yat-sen University, Taiwan. (The first 

successful installation in Taiwan) 

2000 Two-photon excitation micro-spectroscopy, National Sun Yat-sen University, Taiwan. 

2001  Optical beam induced current microscopy at radio frequency, National Sun Yat-sen University, Taiwan. 

 (The first successful installation in the world) 

2002 Dithered beam differential microscopy, National Sun Yat-sen University, Taiwan. 

2003 Harmonic generation microscopy, National Sun Yat-sen University, Taiwan. 

2004 Fluorescence Lifetime Imaging Microscopy, National Yang Ming University, Taiwan (The first successful 

installation in Taiwan) 

2005 RF OBIC microscopy with frequency domain technique, National Sun Yat-sen University, Taiwan. 

2006 Modulation differential confocal microscopy, National Yang-Ming University, Taiwan. 

2007 Micro-laser incision and welding platform, National Yang-Ming University, Taiwan. 

2008 Four-channel Fluorescence Lifetime Imaging Microscope, National Yang-Ming University, Taiwan. 

2009 CARS-FLIM platform, National Yang-Ming University, Taiwan. 

2010 Lifetime Resolved Stimulated Emission Depletion Microscope, National Yang-Ming University, Taiwan. 

2011 Stokes’ Vector based Multiphoton Polarization Microscope, National Yang-Ming University, Taiwan. 

2012 Long Working Distance Stimulated Fluorescence Imaging, National Yang-Ming University, Taiwan 

2013 Induction LED lighting for endoscopic illumination, National Yang-Ming University, Taiwan 

2014 Polarization Resolved Second Harmonic Microscopy, National Yang-Ming University, Taiwan 

2015 Supercontinuum for endoscopy illumination, National Yang-Ming University, Taiwan 

2016 Background free Long Working Distance Stimulated Fluorescence Imaging, National Yang-Ming University, 

Taiwan 

2017 Coherent light source for endoscopy illumination, National Yang-Ming University, Taiwan 

2018 Time-lapsed RGB illumination for ultrathin endoscopy, National Yang-Ming University, Taiwan 

2019 Photon counting based stimulated emission, National Yang-Ming University, Taiwan 

2020         Synchronized Schlieren imaging of pulsed ultrasound, National Yang-Ming University, Taiwan 



Shedding new light on multiphoton microscopy in biomedical research 
Associate Professor Guan-Yu Zhuo 
 
Abstract 
Multiphoton microscopy (MPM) has transformed biomedical research by enabling 
unprecedented exploration of cellular and subcellular structures within live tissues and 
animals. The objective of this presentation is to offer fresh insights into the principles, 
applications, and advancements of MPM, underscoring its immense potential for 
illuminating the complexities of biological systems and biomedical fields. We will 
commence by elucidating the historical view of MPM development, encompassing the 
concept of multiphoton excitation and its superiorities over traditional imaging 
techniques. Subsequently, we will delve into the diverse biomedical applications of 
MPM in our laboratory, spanning the studies of precise tissue imaging with 
polarization-resolved second harmonic generation (P-SHG) microscopy, 
heterodimerization of receptor proteins in the cell membrane with multiphoton 
fluorescence microscopy, exploration of tumor microenvironments with 
multimodalities of MPM, etc. Furthermore, we will examine cutting-edge technological 
innovations and experimental techniques that have expanded the capabilities of MPM, 
including label-free imaging approaches, fiber optics, spectral filtering, and artificial 
intelligence (AI) technologies. By exploring the current challenges and future prospects 
of MPM, we will emphasize the significant impact of this imaging modality in 
comprehending complex biological phenomena and driving discoveries across various 
biomedicine domains. In summary, this presentation aims to deliver a comprehensive 
overview of multiphoton microscopy, underscoring its significance as a powerful tool 
for unraveling the intricacies of life at the microscopic scale and propelling 
breakthroughs in biomedical research. 
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Elucidating the pre- and post-natal growth in teeth using multiphoton microscopy 

Associate Professor Stephen HSU Chin-Ying 

 

The global pandemic of obesity and cardiometabolic diseases (OCD) is a growing 
problem worldwide. Focusing on optimizing early life development has great potential to 
improve the health of the next generation and ameliorate the pandemic of non-
communicable diseases, since the development of OCD are to be found to begin in 
utero and poor fetal growth (FG) has been associated with increased obesity and 
cardiometabolic risk in adulthood. Like annual rings in trees, the enamel and dentine of 
teeth contain a daily registration of their development in utero and may serve as a time-
specific “fixed”/mineralized record to assess utero growth in a detailed manner. This talk 
will share the dental biomarkers (DBs) revealed by using the conventional imaging 
modalities, the limitations and challenges, followed by the potential solution provided by 
using multiphoton microscopy.  
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