


ISOT2023/IWOB2023 Program 
 

*show only presenter 
------------------------------------------------------------------------------------------------------------------ 
ISOT2023 
Day 1 (Dec. 10, Sunday) 
Session 1 (Presider: Yukitoshi Otani) 
13:00 Opening talk, Kazutaka Yokota 
13:05 Opening of ISOT2023/IWOB2023, Yukitoshi Otani 
13:20 (Invited) Adapting stochastic optical reconstruction microscopy (STORM) for imaging 

of sub-micron structures in photoresist 
 Rainer Tutsch (TU Braunschweig, Germany) 
13:50 (Invited) A new foundation for geometric phase 
 Nathan Hegan (Utsunomiya University, Japan) 
14:10 (Invited) On-chip optical pulse analyzer using silicon photonics 
 Keisuke Kondo (Utsunomiya University, Japan) 
14:30 (Invited) Polarization Michelson interferometry for fringe projection technique 
 Amalia Martínez (CIO, Mexico) 
 
15:00 Coffee break 
 
Session 2 (Presider: Rainer Tutsch) 
15:20 (Invited) Polarization microscopy with orthogonally polarized illumination 
 Indrani Bhattacharya (Seacom Skills University, India) 
15:50  (Invited) Recent progress in optical transfer matrix: a tribute to late professor Teruji Ose 
 We Wang (Xi`an Technological University, China, Heriot-Watt University, UK)  
16:20 (Invited) Diameter measurement of sub-micrometer optical fiber based on interference 

signal of Mie scattered light 
 Masaki Michihata （University of Tokyo) 
16:40 (Invited) Point-cloud based 3D Shape Analysis – Parts through Plants - 
 Shun Kaneko (Kazusa Academy, Japan) 
17:10 Break & Hotel Check-in 
 
18:30 Reception (Seated party) 
 
------------------------------------------------------------------------------------------------------------------- 
Day 2 (Dec. 11, Monday) 
Session 3 (Presider: Amalia Martinez) 
8:30  (Plenary) Polarization aberrations in high NA lenses 
 Russell Chipman (Meta, USA) 
9:20 (18:20, USA, CST)  
 (Invited) Characterization of structural color 
 Natalia Dushkina (Millersville University, USA) 
9:50 Fresnel model and effective medium approximation (EMA) in spin hall effect of light 

ellipsometry for surface measurement of optics 
 Naila Zahra (Osaka University) 
 
10:10  Coffee break 
 
 



ISOT2023/IWOB2023 
Session 4 (Presider: Indrani Bhattacharya) 
10:40 (Invited) Polarization modulation to increase the density of holographic data storage 
 Xiaoji Tan (Fujian Normal University, China) 
11:10  (Invited) Focused on preparation and the localized surface plasmon resonance of noble 

metal nanoparticles which are applied in surface enhanced Raman scattering 
 Chunfang Wu (Xi`an Technological University, China) 
11:40  (Invited) A nonlinear vibrational approach utilizing aerosol-jetted PZT-actuated fiber 

MEMS scanner for micro-scale imaging 
 Weichih Wang (University of Washington, USA) 
 
12:10 Lunch 
 
IWOB2023 
Session 5 (Presider: Ryuji Fujimura)  
13:00 (Invited) DNA damage-triggered cellular reprogramming in the moss Physcomitrium 

patens 
 Nan Gu (Utsunomiya University, Japan)  
13:20 (Invited) Plasma-assisted reactive magnetron sputtering for optical coatings 
 Chien-Jen Tang (Feng-chia University, Taiwan) 
 
13:50 Move to poster session (10 minutes) 
 
Poster session with coffee (Conductor: Kota Kumagai) 
14:00 Poster session 1 (55 minutes)  
    Presentation list below 
14:55 Poster session 2 (55 minutes) 
    Presentation list below 
15:50 Move to oral session (10 minutes) 
 
Session 6 (Presider: Xiodi Tan) 
16:00 (9:00, Finland) 
 (Invited) Optical detection of microplastics in water 
 Matthieu Roussey (University of Eastern Finland) 
16:30 (8:30, Germany) 
 (Invited) Optical metrology at the nanoscale 
 Stephan Reichelt (Institute of Applied Optics (ITO), University of Stuttgart) 
17:00  (Invited) Fringe projection profilometry (FPP): theoretical aspects (II) 
 Lyu Shenzhen (Nanyang Technological University, Singapore) 
 
17:30 Break 
 
18:00 Reception (Standing party)  
20:00 End  
------------------------------------------------------------------------------------------------------------------- 
Day 3 (Dec. 12, Tuesday) 
Session 7 (Presider: Nathan Hegan) 
8:00 (18:00, Dec. 11, Florida)  
 (Invited) Emergent Physical Phenomena in Optics 
 Miguel Bandres (Univ. of Central Florida, USA) 



8:30 (16:30, Dec. 11, Tucson)  
 (Invited) Advancing cancer diagnosis and screening with biomarker-specific 

multispectral imaging 
 Travis Sawyer (Univ. Arizona, USA) 
9:00 (18:00, Dec. 11, Mexico)  
 (Invited) Dynamic out-of-plane measurements using a speckle interferometer with a 

polarization camera 
 David Serrano (Universidad de Guadalajara, Mexico) 
9:30  (Invited) Simulation model for visualization of diffraction property of volume 

holographic optical elements 
 Ching-Cherng Sun (National Central University, Taiwan) 
 
10:00  Break (no drink) 
 
Session 8 (Presider: Satoshi Hasegawa) 
10:30 (9:30, Philippines)  
 (Invited) Principles and algorithms for speckle phase retrieval 
 Percival F. Almoro （University of the Philippines, Philippines） 
11:00 (Invited) Tracking, testing, tuning, and topping up the import activity of chloroplast-

transit peptides 
 Chonprakun Thagun (Utsunomiya University, Japan) 
11:30 (Invited) Computational imaging with laser-generated light sources 
 Kota Kumagai (Utsunomiya University, Japan) 
11:50 Closing talk, Yoshio Hayasaki 
 
12:00 Workshop Close 
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Adapting Stochastic Optical Reconstruction Microscopy (STORM) for 
imaging of sub-micron structures in photoresist 

Madeline Rodenberg,1 Lukas Jonathan Münker,2 Rainer Tutsch,1,* Peter Jomo Walla,2 
Thomas Weimann,3  

 

1 Institute of Production Metrology, TU Braunschweig 
2 Institute of Physical and Theoretical Chemistry, TU Braunschweig 

3 Working Group 2.44, PTB Braunschweig 
* r.tutsch@tu-braunschweig.de, phone: +49 (0)531 391 7020 

The resolution of optical imaging is limited by the well-known Abbe-criterion to more or less 
Ȝ/2. In life sciences, however, super resolution techniques have been developed that extend 
this limit by several orders of magnitude. In 2014 Stefan Hell, Eric Betzig and William Moerner 
were honored with the Nobel Prize for this development. The basic idea is to use fluorescent 
molecules as markers that can be switched on and off by illumination with a pulse laser. 
Different types of super resolution imaging are currently applied in life sciences. 

In our group we adapted this idea to the measurement of technical submicron structures in 
photoresist, e.g. photomasks that are used in the lithographic process of chip-making. In a first 
step we doped a photoresist with a fluorescent dye. A submicron pattern was inscribed and 
we used an existing STORM (Stochastic Optical Reconstruction Microscopy) setup for imaging 
the structure. In our presentation we will show early results of this research work. 



A new foundation for geometric phase

Nathan Hagen and Luis Garza Soto

Utsunomiya University, Dept. of Optical Engineering, Utsunomiya, Tochigi, 321-8585 Japan

Geometric phase was first discovered by Sivaramakrishnan Pancharatnam in 1956, and rediscovered by
Michael Berry in 1984. In the 39 years since geometric phase became widely known, over 10000

research manuscripts have been published dealing with its features, how one can calculate it, and how
instruments can be constructed to take advantage of it. However, until this year not one of these papers
was able  to  present  a  visualization – a  physical  model  –  of  how geometric  phase arises.  That  is,
researchers have been content to work on how one might calculate the geometric phase in a given
system, without developing a physical model of it.

We  provide  an  introduction  to  our  work  on  filling  in  this  gap,  and  show that  despite  the
overblown  mathematical  language  of  so  much  of  the  geometric  phase  literature,  the  physical
mechanism that generates geometric phase is simple: it is an expression of the Harmonic Addition
theorem in mathematics, which gives the location of the wave peak for a sum of multiple waves. Not

only does this clarify what geometric phase means and how it can be used, but this simple model also
allows several features that have never before been possible in the literature: defining geometric phase

for  any  arbitrary  wave,  and defining  the  relationship  between  a  wave’s  geometric  phase,  and the
measured phase shift obtained by an interferogram measurement.

Short Biography:

Nathan Hagen is a Professor of Optical Engineering at Utsunomiya University.
He obtained his PhD in Optical Sciences from the University of Arizona in 2007,

and worked for 5 years as the principal scientist at the successful startup Rebellion
Photonics, Inc. His research focuses on spectral imaging, polarization, and optical

system design.

Luis Garza Soto is currently a PhD student in the Dept. of Optical Engineering at
Utsunomiya  University.  He  received  an  MS  degree  in  applied  physics  from
Instituto Tecnologico de Monterrey in 2020. 



2Q-FKLS�RSWLFDO�SXOVH�DQDO\]HU�XVLQJ�VLOLFRQ�SKRWRQLFV 
Keisuke Kondo, Ryo Hayama, and Okihiro Sugihara 

Graduate Program in Optical Engineering, Utsunomiya University 
7-1-2 Yoto, Utsunomiya, Tochigi 321-8585 Japan 

k-kondo.20@cc.utsunomiya-u.ac.jp 
 

&RQYHQWLRQDOO\�� VKRUW-SXOVH� ODVHUV� KDYH� EHHQ� XVHG� RQO\� LQ� UHVHDUFK� ODERUDWRULHV� RU� IDFWRULHV�
ZKRVH�HQYLURQPHQW�LV�FOHDQ�DQG�VWDEOH��,Q�VXFK�D�FDVH��D�SXOVH�PHDVXUHPHQW�HTXLSPHQW�XVHG�IRU�
GHYHORSPHQW� RI� WKH� SXOVH� JHQHUDWRUV� FDQ� DOVR� EH� XVHG� LQ� WKH� FOHDQ� DQG� VWDEOH� HQYLURQPHQW��
5HFHQWO\�� WKH� VKRUW-SXOVH� ODVHU� EHJLQV� WR� EH� XVHG� IRU� VRPH� DSSOLFDWLRQV� VXFK� DV� ELRLPDJLQJ��
FDWDUDFW� VXUJHU\�� DQG� WLPH-RI-IOLJKW� /L'$5� RSHUDWHG� LQ� XVXDO� HQYLURQPHQW� ZKHUH� YLEUDWLRQ��
WHPSHUDWXUH� FKDQJH�� DQG� KXPDQ¶V� H\HV� H[LVW�� 7R� PRQLWRU� WKH� SXOVHV� LQ� VXFK� HQYLURQPHQW�� D�
FRPSDFW�� VROLG-VWDWH�� DQG� KLJK-VHQVLWLYH� SXOVH� DQDO\]HU� LV� GHVLUHG�� 6XFK�D� GHPDQG�ZLOO� QRW� EH�
DFKLHYHG�E\�FRQYHQWLRQDO�SXOVH�DQDO\]HUV�OLNH�D�IUHTXHQF\�UHVROYHG�RSWLFDO�JDWLQJ��)52*��� ,Q�
WKLV�SDSHU��ZH�GHPRQVWUDWH�D�IXOO\�LQWHJUDWHG�SXOVH�DQDO\]HU�IDEULFDWHG�XVLQJ�VLOLFRQ�SKRWRQLFV��
7KLV�LV�XOWUDFRPSDFW�DQG�VROLG�VWDWH��DQG�KLJKO\�VHQVLWLYH�FRPSDUHG�WR�WKH�FRQYHQWLRQDO�RQHV� 

)LJXUH���VKRZV�WKH�VFKHPDWLF�RI�WKH�SURSRVHG�SXOVH�DQDO\]H��$�SXOVH�XQGHU�WHVW�LV�VSOLW�DQG�
ODXQFKHG� IURP� ERWK� HQGV� RI� WKH� 6L3K� FKLS� DW� WKH� VDPH� WLPLQJ�� 2QH� SXOVH� LV� ILOWHUHG� E\� D�
PLFUR-ULQJ� ILOWHU� DQG� SURSDJDWHV� LQWR� WKH�
WZR-SKRWRQ� DEVRUSWLRQ� SKRWRGLRGH�
�73$-3'�� DUUD\� HPEHGGHG� RQ� WKH� VLOLFRQ�
ZDYHJXLGH��7KH�RWKHU�SXOVH�SURSDJDWHV�LQWR�
WKH�73$-3'�DUUD\�IURP�WKH�RWKHU�VLGH��7KH�
FURVV-FRUUHODWLRQ� RI� WKH� ILOWHUHG� SXOVH� DQG�
WKH� RULJLQDO� SXOVH� LV� REWDLQHG� E\� WKH�
73$-3'� DUUD\� >�@�� %\� DFTXLULQJ� WKH�
FURVV-FRUUHODWLRQ� ZLWK� VFDQQLQJ� WKH�
ILOWHULQJ�IUHTXHQF\�RYHU�WKH�HQWLUH�UDQJH�RI�
SXOVH� VSHFWUXP�� WKH� VSHFWURJUDP� RI� WKH�
SXOVH�LV�REWDLQHG��7KHQ��SXOVH�ZDYHIRUP�LV�
UHWULHYHG�IURP�WKH�VSHFWURJUDP� 

 
>�@� .�� .RQGR� DQG� 7�� %DED�� 2SWLFD� ��� �����
������� 

 
.HLVXNH�.RQGR� UHFHLYHG� WKH�%�(���0�(�� DQG� 3K�'�� GHJUHHV� DOO� IURP�
WKH�'HSDUWPHQW� RI� (OHFWULFDO� DQG�&RPSXWHU� (QJLQHHULQJ��<RNRKDPD�
1DWLRQDO� 8QLYHUVLW\�� <RNRKDPD�� -DSDQ�� LQ� ������ ������ DQG� ������
UHVSHFWLYHO\��'XULQJ�KLV�3K�'���KH�VWXGLHG�FR-�DQG�FRXQWHU-SURSDJDWLQJ�
VORZ-OLJKW� V\VWHPV�� At present, he is an assistant professor in 
Utsunomiya University, *UDGXDWH�3URJUDP�LQ�2SWLFDO�(QJLQHHULQJ. +H�
LV� FXUUHQWO\� ZRUNLQJ� WRZDUG� VLOLFRQ� SKRWRQLF� RSWLFDO� PHDVXUHPHQW�
GHYLFHV��+H�LV�D�0HPEHU�RI�-6$3�  

 
)LJ�� ��� 6FKHPDWLF�RI� WKH�SXOVH� DQDO\]HG� LQWHJUDWHG�RQ� D�
6L3K�FKLS��DQG�D�VSHFWURJUDP�REWDLQHG�E\�WKH�DQDO\]HU� 



3RODUL]DWLRQ�0LFKHOVRQ�,QWHUIHURPHWU\�IRU�)ULQJH�

3URMHFWLRQ�7HFKQLTXH�  

Amalia Martínez-García1, Juan Antonio Rayas-Alvarez1, David I. Serrano-García2, Raúl 

Ignacio Hernández-Aranda3, Joel Cervantes-L.2 
�&HQWUR�GH�,QYHVWLJDFLRQHV�HQ�ÏSWLFD�$�&���/RPD�GHO�%RVTXH�����&�3���������/HyQ��*XDQDMXDWR��0p[LFR�  

�(OHFWUR�3KRWRQLFV�'HSDUWPHQW��8QLYHUVLW\�&HQWHU�IRU�([DFW�6FLHQFHV�DQG�(QJLQHHULQJ��&8&(,���
*XDGDODMDUD�8QLYHUVLW\��*XDGDODMDUD��-DOLVFR��0p[LFR 

�'HSDUWDPHQWR�GH�)tVLFD��7HFQROyJLFR�GH�0RQWHUUH\��0RQWHUUH\��1XHYR�/HyQ��0p[LFR 
DPDOLD#FLR�P[�  

 
 

+LJK�UHVROXWLRQ��UHDO�WLPH��'�VKDSH�PHDVXUHPHQW�IRU�REMHFWV�KDV�D�KXJH�SRWHQWLDO�IRU�DSSOLFDWLRQV�
LQ�PDQ\�DUHDV��LQFOXGLQJ�HQWHUWDLQPHQW��VHFXULW\��GHVLJQ�DQG�PDQXIDFWXULQJ��HWF��,Q�WKLV�ZRUN��WKH�
LPSOHPHQWDWLRQ�RI�WKH�IULQJH�SURMHFWLRQ�WHFKQLTXH�LQ�WKH�HYDOXDWLRQ�RI�WRSRJUDSK\�LV�SUHVHQWHG��
7KH� SURMHFWHG� IULQJHV� DUH� JHQHUDWHG� LQWHUIHURPHWULFDOO\� XVLQJ� D� SRODUL]DWLRQ� 0LFKHOVRQ�
LQWHUIHURPHWHU�ZKHUH�RQH�RI� WKH�PLUURUV� LV� URWDWHG� DQG� WKH� IULQJHV�DUH�GHWHFWHG�E\�D�SL[HODWHG�
SRODUL]DWLRQ�FDPHUD��7KH�SKDVH�RI�WKH�IULQJHV�LV�REWDLQHG�XVLQJ�WKH�SKDVH�VKLIWLQJ�WHFKQLTXH�LQ�D�
VLQJOH�VKRW�PDQQHU�GXH�WR�WKH�SURSHUWLHV�RI�WKH�LPDJLQJ�GHWHFWRU��3RODUL]DWLRQ�WHFKQLTXHV�DQG�WKH�
SL[HODWHG�FDPHUD�DUH�XVHG�WR�REWDLQ�WKH�SKDVH�VKLIW�VLPXOWDQHRXVO\��7KH�PDLQ�DGYDQWDJH�LV�WKDW�WKH�
KLJKHVW�IULQJH�GHQVLW\�DFKLHYHG�ZLWK�WKLV�WHFKQLTXH�FRXOG�QRW�EH�UHDFKHG�ZLWK�WKH�FRQYHQWLRQDO�
IULQJH�SURMHFWLRQ�WHFKQLTXH��ZKLFK�XVHV�D�SURMHFWRU��([SHULPHQWDO�UHVXOWV�ZLOO�EH�SUHVHQWHG�DV�ZHOO�
DV�WKH�RSHUDWLRQ�RI�WKH�WHFKQLTXH��$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKLV�WHFKQLTXH�DUH�GLVFXVVHG� 
 
 
Short biography: 

'U��$PDOLD�0DUWtQH]�*DUFtD�REWDLQHG�WKH�%6�GHJUHH�LQ�SK\VLFV�IURP�
WKH�)DFXOWDG�GH�&LHQFLDV�)tVLFR�0DWHPiWLFDV��8QLYHUVLGDG�$XWyQRPD�
GH� 1XHYR� /HyQ�� 0�� 6F�� LQ� 2SWLFV� DW� &HQWUR� GH� ,QYHVWLJDFLyQ�
&LHQWtILFD�\�GH�(GXFDFLyQ�6XSHULRU�GH�(QVHQDGD��%��&���&,&(6(��DQG�
3K'�LQ�2SWLFV�DW�&HQWUR�GH�,QYHVWLJDFLRQHV�HQ�ÏSWLFD��&,2���0p[LFR��
6KH�KDV�EHHQ�YLVLWLQJ�UHVHDUFKHU�DW�8QLYHUVLGDG�GH�6DQWLDJR�GH�&KLOH�
�&KLOH��� 8QLYHUVLW\� RI� %DVLOLFDWD� �,WDOLD�� DQG� 8QLYHUVLW\� RI�
8WVXQRPL\D��-DSDQ���,Q�������VKH�EHFDPH�D�7LWXODU�5HVHDUFKHU�DW�&,2��
6KH� KDG� EHHQ� EHIRUH� D� UHVHDUFKHU� DW� WKH� 'HSDUWPHQW� RI� 2SWLFV��
$SSOLHG� 3K\VLFV� 'LYLVLRQ�� &,&(6(�� IURP� ����� WR� ������ 6KH� LV�
PHPEHU�RI�WKH�1DWLRQDO�6\VWHP�RI�5HVHDUFKHUV��OHYHO�,,,��DW�0p[LFR��

+HU�LQWHUHVWV�LQ�UHVHDUFK�DUH�LQ�WKH�ILHOGV�RI�HOHFWURQLF�VSHFNOH�SDWWHUQ�LQWHUIHURPHWU\��VWUXFWXUHG�
OLJKW��VKHDURJUDSK\��LQWHUIHUHQFH�PLFURVFRS\�DQG�KRORJUDSK\��6KH�KDV�EHHQ�UHFRJQL]HG�DV�D�VHQLRU�
PHPEHU�DW�63,(�DQG�237,&$��)RUPHUO\�26$���$XJXVW��������6KH�KDV�EHHQ�KRQRUHG�DV������
237,&$�)(//2:� 
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3RODUL]DWLRQ�PLFURVFRS\�ZLWK�2UWKRJRQDOO\�3RODUL]HG�

,OOXPLQDWLRQ�  
1Indrani Bhattacharya and 2Kallol Bhattacharya 

�,QQRYDWLRQ�DQG�,QFXEDWLRQ�&HQWUH��6HDFRP�6NLOOV�8QLYHUVLW\��  
.HQGUDGDQJDO��6DQWLQLNHWDQ��%ROSXU���������,QGLD�  

LQGUDQL�EKDWWDFKDU\D#VHDFRPJURXSV�FRP 
 

�'HSDUWPHQW�RI�$SSOLHG�2SWLFV�DQG�3KRWRQLFV��8QLYHUVLW\�RI�&DOFXWWD 
-'�,,��6HFWRU����%LGKDQQDJDU��.RONDWD��:HVW�%HQJDO���������,QGLD 

NEDRS#FDOXQLY�DF�LQ 
 

This paper proposes a form of birefringence microscopy where a biological sample is illuminated 

by two mutually orthogonally polarized and collinearly propagating beams to measure the 

pixelwise retardance and orientation of fast axis. The proposed simple and full-field technique 

may find use in evaluation of spatially varying retardation of biological samples for diagnosis of 

diseased cell and tissue structure.   

 
Short biography: 

1Indrani Bhattacharya received PhD from Department of Applied 
Optics and Photonics, University of Calcutta, Kolkata, India in May 
2019. She has done her postdoctoral research in the Department of 
Physics and Mathematics, University of Eastern Finland, Joensuu, 
Finland under Finnish Flagship Program Photonics Research, and 
Innovation ± PREIN in 2019-2020. She worked as a research engineer 
in a leading telecommunication company in India from 1990-2010. At 
present, she is a Professor and Director in Seacom Skills University, 
Innovation and Incubation Center (IIC). She is an optical system 

designer in the field of Diffractive Optics and Point Spread Function Engineering. Recently, she 
is focusing her research in diffractive and polarization optical devices applicable for biological 
live imaging. She is serving as a Steering Committee member of ISOT since 2016 and as a 
Program committee member of SPIE Light in Nature Conference OP302 since 2019. She is a 
regular member of SPIE and a Life Member of Optical Society of India (OSI). She has served as 
a member of SPIE Scholarship Committee member for 2019-2021 and as a Board Member of 
Finland Diversity in Physics (FIN DiP), 2020-2022. She 2 was honoured and enlisted by SPIE in 
Women in Optics Planner in 2016±2017 for her long-term contribution in Optics and Photonics. 
She is the Convener and Organizer of several International Conferences in Optics and Photonics 
and Editor of Springer Proceedings in Physics of Volumes 166, 194, 233, 249 and has published 
several research articles.  
 

mailto:indrani.bhattacharya@seacomgroups.com
mailto:kbaop@caluniv.ac.in


 
2Kallol Bhattacharya received his B.Sc. with Physics Hons.(1985), 
M.Sc.(Tech.) in Optics and Optoelectronics (1988) and  doctoral degree 
(1995) from Calcutta University. He served as Lecturer (1992-1994) in 
the Department of Instrumentation, Jadavpur University and Scientist at 
Saha Institute of Nuclear Physics (1994-2001). He joined the Optics and 
Optoelectronics Section in the Department of Applied Physics as Reader 
in 2001 and is presently working as Professor in the Department of 
Applied Optics and Photonics, University of Calcutta. Currently his 
research interest is in the domain of optical metrology utilizing 

polarization. He has about seventy publications in national and international journals and takes 
DQ�DFWLYH�LQWHUHVW�LQ�WHDFKLQJ��+H�LV�DOVR�DQ�DYLG�F\FOLVW�DQG�LV�DQ�DFWLYH�PHPEHU�RI�WKH�µF\FOH-to-
ZRUN¶�PRYHPHQW� 



5HFHQW�SURJUHVV�LQ�2SWLFDO�7UDQVIHU�0DWUL[��  

$�WULEXWH�WR�ODWH�3URIHVVRU�7HUXML�2VH�  
Wei Wang,1,2 Yongqi Zhang,2 Jianlin Nie,2 Yicheng Tuo,2 and Mitsuo Takeda2,3 

 
��,QVWLWXWH�RI�3KRWRQLFV�DQG�4XDQWXP�6FLHQFHV��+HULRW-:DWW�8QLYHUVLW\� 

(GLQEXUJK��(+����$6��8. 

��LQWHUQDWLRQDO�&HQWHU�IRU�2SWLFDO�5HVHDUFK�DQG�(GXFDWLRQ��L&25(���;L¶DQ�7HFKQRORJLFDO�8QLYHUVLW\� 
;L
DQ��6KDDQ[L����������3��5��&KLQD 

��&HQWHU�IRU�2SWLFDO�5HVHDUFK�DQG�(GXFDWLRQ��&25(���8WVXQRPL\D�8QLYHUVLW\� 
�-�-��<RWR��8WVXQRPL\D����-������-DSDQ 

Z�ZDQJ#KZ�DF�XN 
 
 

,Q� WKLV� WDON�� ZH� ZLOO� UHYLHZ� RXU� UHFHQW� ZRUN� RQ� WKH� 2SWLFDO� 7UDQVIHU� 0DWUL[� �270��� $V�
IUHTXHQF\� DQDO\VLV� RI� SRODUL]DWLRQ� LPDJLQJ� V\VWHP��270� LV� QRW�RQO\� XVHIXO� IRU� WKH�GHVLJQ� RI�
SRODUL]DWLRQ-UHODWHG�RSWLFDO�V\VWHP�DOVR�YDOXDEOH�WR�FKDUDFWHUL]H�PDQXIDFWXUHG�V\VWHPV�VLQFH�LW�
VSHFLILHV� KRZ� GLIIHUHQW� VSDWLDO� IUHTXHQFLHV� DUH� FDSWXUHG� DQG�RU� WUDQVPLWWHG� LQ� WKH� RSWLFDO�
WUDQVPLVVLRQ�FKDLQ� %DVHG�RQ�WKH�DXWR-FRUUHODWLRQ�RI�WKH�JHQHUDOL]HG�SXSLO�PDWUL[�RI�WKH�RSWLFDO�
V\VWHP��ZH�SURYLGH�VRPH�H[DPSOHV�WR�GHPRQVWUDWH�KRZ�WKH�270�FDQ�EH�FDOFXODWHG�QXPHULFDOO\�
ZKHQ�GLIIHUHQW� W\SHV�RI� DEHUUDWLRQV�DSSHDU� LQ� WKH� V\VWHP��)XUWKHUPRUH��ZH�DOVR� LQWURGXFH�DQG�
GHPRQVWUDWH�WZR�DSSURDFKHV�RI�270�PHDVXUHPHQW�ZLWK�WKH�DLG�RI�H[WHQGHG�WHVW�REMHFWV� 

$OO�WKH�WHFKQLTXHV�LQWURGXFHG�KHUH�FDQ�EH�FRQVLGHUHG�DV�RXU�KRPH-VW\OH�IHUPHQWDWLRQ�RI�WKH�
NQRZOHGJH�ZKLFK�ZH�OHDUQHG�IURP�ODWH�3URIHVVRU�7HUXML�2VH��ZKR�KDG�GHYRWHG�KLV�ZKROH�OLIH�WR�
WKH�VWXG\�RI�WKH�2SWLFDO�7UDQVIHU�)XQFWLRQ��27)���7KHUHIRUH��ZH�IHHO�PXFK�KRQRUHG�WR�KDYH�WKLV�
FKDQFH�WR�JLYH�RXU�WULEXWH�WR�3URI��2VH�IRU�KLV�HDUO\�JXLGDQFH��VWLPXOL�DQG�HQFRXUDJHPHQWV�LQ�WKH�
FRXUVH�RI�WKLV�UHVHDUFK�DQG�IRU�WKH�JUHDW�HIIRUWV�KH�KDG�DOUHDG\�PDGH�WR�SURPRWH�6LQR--DSDQHVH�
VFLHQWLILF�H[FKDQJH�DW�WKH�HDUO\�DJH�RI�WKH�UHIRUP�DQG�RSHQLQJ-XS�LQ�&KLQD� 
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Nano/micro-optical fibers find applications in various fields owing to their significant properties. 
Micro-nanofibers, which generate near-field light outside the fiber, are employed for biosensing 
and optical tweezers, leveraging their near-field characteristics. Furthermore, they serve as 
waveguides and are integrated into evanescent couplers in the whispering gallery mode. 
Additionally, they hold considerable promise as wavelength- or sub-wavelength-scale 
waveguides, facilitating continuous light oscillation and nanocavities in the field of photonics. 
Their capacity to easily manifest nonlinear phenomena makes them particularly attractive. In 
recent times, this device has garnered significant attention among researchers for its ability to 
generate entangled photon pairs. This paper introduces a novel method for measuring the 
diameter of sub-micrometer fibers with diameters less than 1 µm. The technique employs 
counter-propagating beams for illumination, creating a standing wave around the fiber. Through 
active control of the spatial phase of this standing wave, the scattered light intensity distribution 
from the fiber is modulated. The modulation pattern is influenced by the fiber diameter. 
Analyzing the modulated scattered light intensity distribution enables the measurement of the 
sub-micrometer fiber diameter. Experimental validation confirmed the viability of measuring 
the diameter of a fiber approximately 500 nm in size using the proposed method. 
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RQ� WKH� ZDYHIURQW� DEHUUDWLRQ� IXQFWLRQ�� DSRGL]DWLRQ�� GLDWWHQXDWLRQ� DQG� UHWDUGDQFH� DEHUUDWLRQV��
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SRODUL]DWLRQ�DEHUUDWLRQ�DQG�WKH�RSSRUWXQLWLHV�IRU�DEHUUDWLRQ�FRPSHQVDWLRQ� 
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Structural colors originate from the VFDWWHULQJ�RI�OLJKW�IURP�RUGHUHG�PLFURVWUXFWXUHV��WKLQ�¿OPV��DQG�HYHQ�
irregular arrays of electrically small particles, but are not produced by pigments. Structural colors can be 
implemented industrially to produce structurally colored paints, fabrics, cosmetics, and sensors. A brief 
description of the properties of structural colors, as well as examples of bio nanostructures which reflect 
linearly, or circularly polarized light are discussed along with methods of characterization of the structural 
coloration. The coloration polarization effects are explained with the physical mechanisms of light 
interaction with the building blocks, cellulose, guanine and reflectin, of these nanostructures and their 
optical properties. 
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7KH� VSLQ� KDOO� HIIHFW� RI� OLJKW� �6+(/�� KDV� EHHQ� UHFHLYLQJ� VSRWOLJKW� SDUWLFXODUO\� DIWHU� WKH�
GHPRQVWUDWLRQ�RI�ZHDN�PHDVXUHPHQWV�WKDW�HDVH�LWV�REVHUYDWLRQ��6+(/�LV�D�SKHQRPHQRQ�ZKHUH�
WKH� UHIOHFWHG� OLJKW� EHDP� VSOLW� LQWR� ULJKW� DQG� OHIW� FLUFXODUO\� SRODUL]HG� OLJKW� GXH� WR� JUDGLHQW� RI�
UHIUDFWLYH�LQGH[��6+(/�REVHUYDWLRQ�ZLWK�ZHDN�PHDVXUHPHQW�LV�UHDOL]HG�E\�D�SDLU�RI�SRODUL]HUV�WR�
GHILQH�WKH�SUH-VHOHFWHG�DQG�SRVW-VHOHFWHG�VWDWH�RI�WKH�OLJKW��7KHQ��E\�UHFRUGLQJ�DQG�GHWHFWLQJ�WKH�
WUDQVYHUVH�VKLIW�GLVWDQFH�RI�WKH�UHIOHFWHG�6+(/��WKH�RSWLFDO�SURSHUWLHV�RI�WKH�VXUIDFH�FDQ�DOVR�EH�
PHDVXUHG��,Q�WKLV�SDSHU��WKH�6+(/�HOOLSVRPHWU\�LV�SURSRVHG�DV�VXUIDFH�DUHD�PHDVXUHPHQW��7ZR�
PRGHOV�DUH�XVHG�IRU�GDWD�DQDO\VLV�WR�GUDZ�WKH�VXUIDFH�SURSHUWLHV�RI�WKH�VDPSOH��7KH�ILUVW�PRGHO�LV�
EDVHG�RQ�WKH�VPRRWK�VXUIDFH�DVVXPSWLRQ�FDOOHG�WKH�)UHVQHO�PRGHO�DQG�GUDZV�VXUIDFH�PDSSLQJ�LQ�
WHUPV� RI� UHIUDFWLYH� LQGH[��7KH� VHFRQG�PRGHO� LV� EDVHG� RQ� WKH� DVVXPSWLRQ� WKDW� WKH� VDPSOH� KDV�
VRPH�GHJUHH�RI�URXJKQHVV��VR�WKH�HIIHFWLYH�PHGLXP�DSSUR[LPDWLRQ��(0$��PRGHO�LV�XVHG��ZKLFK�
LV�DOVR�FRPPRQO\�XVHG�LQ�FRQYHQWLRQDO�HOOLSVRPHWU\��,Q�WKH�(0$��WKH�URXJKQHVV�LV�FRQVLGHUHG�
DV�D�ILFWLWLRXV�WKLQ�OD\HU�ZLWK�GLIIHUHQW�UHIUDFWLYH�LQGH[�DQG�HIIHFWLYH�WKLFNQHVV��7KH�(0$�PRGHO�
RIIHUV�VXUIDFH�PDSSLQJ�LQ�WHUPV�RI�HIIHFWLYH�WKLFNQHVV��7KH�SURSRVHG�PHWKRG�VKRZV�D�SURPLVLQJ�
SRWHQWLDO�DV�DQ�DOWHUQDWLYH�IRU�D�ODUJH�DUHD�QDQRVFDOH�VXUIDFH�PHDVXUHPHQW� 
 
Keyword: Surface measurement, Spin Hall Effect of Light, Refractive Index, Effective Medium 
Approximation, Fresnel model. 



Polarization Modulation to Increase the Density of 
Holographic Data Storage  

Xiaodi Tan1,2,3, Xianmiao Xu1, Peiliang Qi1, Jinyu Wang1, Shenghui Ke1, Shujun Zheng1, 

Xinyi Yuan1, Junchao Jin1, Junhui Wu1, Yi Yang1,2, Xiao Lin1,3, and Yuhong Ren1* 
1Information Photonics Research Center, College of Photonic & Electronic Engineering,  

Fujian Normal University, Fuzhou, Fujian 350117, China 
2Key Laboratory of Opto-Electronic Science and Technology for Medicine of Ministry of Education,  

Fujian Normal University, Fuzhou, Fujian 350117, Chinas 
3Fujian Provincial Key Laboratory of Photonics Technology, Fujian Normal University,  

Fuzhou, Fujian 350117, China 
*yhren@fjnu.edu.cn 

 
In traditional holography, because the intensity distribution of two interference waves in which include 
amplitude and phase is recorded, only the same components of polarization state of two interference waves 
are considered. The actual polarization states of two interference waves are ignored. In polarization 
holography, not only amplitude and phase of two waves but also the polarization states of two waves, are 
recorded. As the reason, polarization holography is expected to have more abundant characteristics of 
reconstruction and a wide range of applications, such as holographic storage technology, multichannel 
polarization multiplexing, vector beams, and optical functional devices. 

The tensor theory of polarization holography, in which the response of recording material to the 
polarized wave is treated as a tensor, the research of polarized holography has become hot, and has made a 
lot of new progress. The conditions of the null reconstruction, there is not reconstruction even Bragg 
condition is satisfied. Another important research target is the condition of faithful reconstruction, in which 
the polarization state of the reconstructed wave is kept the same as that of the recording wave. In the tensor 
theory, the condition of faithful reconstruction is that some balance has to be satisfied in the case of linear, 
circular and elliptical polarization holography.  

Linear polarization is the essential state, and any complex polarized state can be combined by linearly 
polarized state. Polarization holography for high density storage. In this review, the characteristic and 
behave of linear polarization holography have been introduced. An applications to increase the density of 
holographic data storage by polarization modulated method is also introduced. 
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Noble metal materials have negative real part and small imaginary part of WKH�GLHOHFWULF�FRQVWDQW�
DW�RSWLFDO�IUHTXHQFLHV��VR�WKH�QDQRSDUWLFOHV�IRUPHG�E\�QREOH�PHWDO�PDWHULDOV�SRVVHVV�DQ�DELOLW\�WR�
ORFDOL]H�DQG�DPSOLI\�WKH�LQFLGHQW�HOHFWURPDJQHWLF�UDGLDWLRQ�QHDU�WKH�VXUIDFH�RI�QDQRSDUWLFOHV�RQFH�
WKH�SODVPRQLF�UHVRQDQFH�FRQGLWLRQ�LV�IXOILOOHG��,I�D�PROHFXOH�LV�ORFDWHG�QHDU�WKH�VXUIDFH�RI�QREOH�
PHWDO�QDQRSDUWLFOHV��DQG�WKH�ZDYHOHQJWK�RI�WKH�LQFLGHQW�ODVHU�LV�FORVH�WR�WKH�SODVPRQLF�UHVRQDQFH�
SHDN� RI� QREOH�PHWDO� QDQRSDUWLFOHV�� WKH� RYHUDOO� 5DPDQ� VFDWWHULQJ� LQWHQVLW\� RI� WKH�PROHFXOH� LV�
VLJQLILFDQWO\� PDJQLILHG� GXH� WR� WKH� GRXEOH� HQKDQFHPHQW� DFWLQJ� RQ� WKH� LQFLGHQW� OLJKW� DQG� WKH�
VFDWWHUHG�OLJKW��7KLV�SKHQRPHQRQ�LV�FDOOHG�VXUIDFH�HQKDQFHG�5DPDQ�VFDWWHULQJ��6(56���$Q�LGHDO�
6(56�VXEVWUDWH�FRQVWUXFWHG�IURP�QREOH�PHWDO�PDWHULDOV�SOD\V�D�YLWDO�UROH�LQ�6(56�UHVHDUFK��+HUH�
WZR�W\SHV�RI�6(56�VXEVWUDWHV�DUH�LQWURGXFHG��2QH�LV�FRPSRVHG�RI�VLOYHU�QDQRSDUWLFOHV�E\�LQ�VLWX�
JURZWK�SURFHVV�DQG�LWV�HQKDQFHPHQW�LV�RULJLQDWHG�IURP�WKH�ORFDOL]HG�VXUIDFH�SODVPRQ�UHVRQDQFH�
�/635���7KH� RWKHU� LV� JROG� JUDWLQJ�� JROG� QDQRDSUWLFOHV� K\EULG� VWUXFWXUH� LQ�ZKLFK� WKH� FRXSOLQJ�
EHWZHHQ� WKH� VXUIDFH� SODVPRQLF� UHVRQDQFH� �633�� DQG� /635� LV� H[FLWHG� WR� REWDLQ� KLJKHU�
HQKDQFHPHQW�IDFWRU� 
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$EVWUDFW� 
7KLV� VWXG\� LQWURGXFHV� DQ� LQQRYDWLYH� DGYDQFHPHQW� LQ� LPDJLQJ� WHFKQRORJ\� WKURXJK� WKH�
LPSOHPHQWDWLRQ�RI�D�VWDWH�RI�WKH�DUW�K\EULG�0(06��0LFURHOHFWURPHFKDQLFDO�6\VWHPV��VFDQQHU�
V\VWHP�GHVLJQHG�IRU�FRPSDFW�PLFURVFRSLF�LPDJLQJ��7KH�VFDQQHU��IHDWXULQJ�D�WDSHUHG�RSWLFDO�ILEHU�
ZDYHJXLGH� DQG� FXWWLQJ�HGJH� DHURVRO�MHWWHG� 3=7� �OHDG� ]LUFRQDWH� WLWDQDWH�� ELPRUSK� SXVK�SXOO�
DFWXDWRUV� RQ� D� VWDLQOHVV�VWHHO� VXEVWUDWH�� HIIHFWLYHO\�PLWLJDWHV� LVVXHV� VXFK� DV� IUDFWXUH� DQG� OD\HU�
VHSDUDWLRQ� FRPPRQO\� DVVRFLDWHG� ZLWK� 3=7� RQ� VLOLFRQ� VXEVWUDWHV�� %\� KDUQHVVLQJ� QRQOLQHDU�
YLEUDWLRQ�� WKH� VFDQQHU� DFKLHYHV� D� VSLUDO� VFDQ� SDWWHUQ� IURP�D� VLQJOH� VLJQDO� LQSXW�� DORQJVLGH� WKH�
DQWLFLSDWHG�WZR�GLPHQVLRQDO�VFDQQLQJ�DQG�WDUJHW�LOOXPLQDWLRQ�IURP�WZR�SKDVH�VKLIWHG�LQSXWV� 
 
7KLV� FDSDELOLW\� LV� IXUWKHU� HQKDQFHG� E\� D� QRYHO� SURFHVV� WKDW� WDSHUV� WKH� RSWLFDO� ILEHU�� UHGXFLQJ�
LOOXPLQDWLRQ� VFDWWHULQJ� DQG� WXQLQJ� WKH� ILEHU� WR� WKH� UHVRQDQW� IUHTXHQFLHV� RI� WKH� VFDQQHU�� 7KH�
VSHFLDOL]HG�WDSHUHG�WLS�IDFLOLWDWHV�ODUJH�ILHOGV�RI�YLHZ�ZKLOH�HQDEOLQJ�LQGHSHQGHQW���D[LV�VFDQQLQJ�
WKURXJK�RQH�GHJUHH�RI�IUHHGRP�DFWXDWLRQ��([SHULPHQWDO�YDOLGDWLRQ�GHPRQVWUDWHV�WKH�VXFFHVVIXO�
JHQHUDWLRQ�RI�D�VSLUDO�VFDQ�SDWWHUQ�ZLWK�D����ȝP�GLDPHWHU�VFDQ�DUHD�DQG�D����+]�IUDPH�UDWH��7KH�
V\VWHP�HIIHFWLYHO\�UHFRQVWUXFWV�VFDQQHG�LPDJHV�RI���ȝP�OLQHV��FURVV�SDWWHUQV�����ȝP�LQ�OHQJWK�
ZLWK� D���ȝP�JDS��� DQG� VWUXFWXUHV�RI� D�3V\FKRGLGDH�ZLQJ��$GGLWLRQDOO\�� WKH� VWXG\� LQFOXGHV� WKH�
DSSOLFDWLRQ�RI�PLFUR�GLVSOD\�XVLQJ�)LHOG�SURJUDPPDEOH�JDWH�DUUD\��)3*$�� 
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Genomic DNA constantly faces damage by environmental stresses and cellular activities. DNA 
damage threatens genome integrity and cell viability. Notably, stem cells exhibit higher sensitivity 
to DNA damage compared to differentiated cells, and even lower levels of DNA damage can 
result in stem cell death. However, our research reveals that transiently induced DNA strand 
breaks can trigger the reprogramming of differentiated leaf cells into stem cells without inducing 
cell death in the moss Physcomitrium (Physcomitrella) patens. Stem cells induced by DNA strand 
breaks are able to develop healthy leafy shoots, known as gametophores. STEM CELL 
INDUCING FACTORs (STEMINs), which encode AP2/ERF transcription factors and facilitate 
wounding-triggered reprogramming, were indispensable for DNA strand break-triggered 
reprogramming. Furthermore, among the DNA damage signal transducers, ATM and ATR, only 
ATR was essential for the activation of the STEMIN1 expression and the initiation of 
reprogramming. These results demonstrate that DNA strand breaks are a novel trigger of cellular 
reprogramming, which requires the activity of ATR and STEMINs. Here, I will present our current 
results on the effects of gamma-ray irradiation on the reprogramming of leaf cells in P. patens and 
discuss the molecular mechanisms underpinning DNA damage-triggered reprogramming. 
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In the optical coating area, efforts have been made to improve the performance of optical 
thin-film filters that are needed in optical and optoelectronic devices. These optical thin film 
filters must be made by alternating high and low refractive index materials. The standards that 
these filters must meet have also become stricter. Therefore, there are two critical issues with 
optical coatings. First, we have to develop new and improved processes for the deposition of 
thin film materials, which were highly stable, mechanically strong, low absorption, and, last but 
not least, low cost. Second, we need to develop new methods to design optical multilayer 
coatings. Recently, HIPIMS has attracted considerable attention to thin film sputtering, and it 
has been widely applied in various industrial sectors. The reactive HiPIMS process also has 
potential applications for optical coatings and provides an alternative method to solve the 
abovementioned issues. 

In this presentation, we will discuss the optical properties of aluminum nitride and 
aluminum oxide films prepared by reactive HiPIMS, superimposed HiPIMS-MF sputtering, and 
plasma-assisted reactive HIPMS, and study graded-index-like rugate filters prepared by reactive 
HiPIMS and DOMS process with PEM control. 
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optical thin films by using magnetron sputtering technology. More recently, He focused on the 
plasma-assisted reactive magnetron sputtering (PARMS) process and its application in optical 
coatings, especially in highly wear-resistant anti-reflective coatings, low-temperature deposited 
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$PRQJ�SROOXWDQWV�LQYDGLQJ�ZDWHUV��PLFURSODVWLFV��03V��KDYH�JDLQHG�D�ODUJH�SODFH��&RPLQJ�IURP�
HLWKHU�LQGXVWULDO�ZDWHU�RU�IURP�GLVFDUGHG�GHJUDGHG�SLHFHV�RI�SODVWLFV�LQ�RFHDQV��03V�DUH�ILQGLQJ�D�
SDWK�EDFN�WR�VRLO�DQG�ULYHU��0RQLWRULQJ�03V�LV�LPSRUWDQW��DQG�ZH�SURSRVH�RSWLFDO�WHFKQLTXHV�DQG�
PHWKRGV� IRU� WKLV� SXUSRVH�� 5REXVW� PHWKRGV� VXFK� DV� 5DPDQ� DQG� )RXULHU� 7UDQVIRUP� ,QIUDUHG�
VSHFWURVFRSLHV�DUH� WKH�PRVW� UHOLDEOH�PHWKRGV��EXW� WKH\�DUH�RIWHQ� H[SHQVLYH�DQG�UHTXLUH�D� ORQJ�
ILOWHULQJ�DQG�VDPSOH�SUHSDUDWLRQ�SURFHVV��:H�SUHVHQW�KHUH� DOWHUQDWLYHV�XVLQJ�D�FRPELQDWLRQ�RI�
GLIIHUHQW�RSWLFDO�SKHQRPHQD�WKDW�ZH�LPSOHPHQWHG�WR�DFKLHYH�D�SRUWDEOH�GHYLFH��7KH�ILUVW�GHYLFH�
WR�EH�SUHVHQWHG�LV�EDVHG�RQ�XOWUD�KLJK�GHILQLWLRQ�LPDJLQJ�XVLQJ�D�FRPPHUFLDO�GHYLFH�RULJLQDOO\�
FRQFHLYHG�IRU�WKH�DQDO\VLV�RI�SXOS�LQ�SDSHU�IDFWRULHV��7KH�VHFRQG�PHWKRG�LV�EDVHG�RQ�K\SHUVSHFWUDO�
LPDJLQJ�DOORZLQJ�XV�WR�LGHQWLI\�WKH�SODVWLF�W\SH�GLUHFWO\�LQ�ZDWHU��ZLWKRXW�SUHWUHDWPHQW�RU�ILOWHULQJ��
)LQDOO\��ZH�ZLOO� GLVFXVV� WKH�SRVVLELOLW\�RI� LQWHJUDWLRQ�RI�PHWKRGV� DQG� H[WHQG� WKH� VFRSH�RI� WKH�
SUHVHQWDWLRQ� WR� ZDWHU� PRQLWRULQJ� LQ� JHQHUDO� XVLQJ� RQ�FKLS� GHYLFHV�� 7KLV� FROODERUDWLYH� ZRUN�
EHORQJV�SDUWO\�WR�VHYHUDO�SURMHFWV��QDPHO\��5HVHDUFK�&RXQFLO�RI�)LQODQG�IODJVKLS�35(,1��+RUL]RQ�
(XURSH�SURMHFW�,%$,$��DQG�%XVLQHVV�)LQODQG�SURMHFW�&(,:$� 
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Optical metrology at the nanoscale  
Stephan Reichelt 

Institute of Applied Optics (ITO), University of Stuttgart 

Pfaffenwaldring 9, 70569 Stuttgart, Germany 

reichelt@ito.uni-stuttgart.de 

 

Nanotechnology is one of today’s key technologies, enabling a wide range of applications. The 
most prominent example of the ongoing trend towards further miniaturization is undoubtedly 
optical lithography, which is used to manufacture highly integrated circuits and leading-edge 
microchips. The advances in nanotechnology are closely related to the progress in 
nanometrology. As with any technology, reliable processes and mass production are only 
possible if structures and objects can be measured with a high degree of reliability and if 
traceability is provided. In general, nanometrology involves all the structural, chemical, 
electronic or optical properties of a nanostructure. A structure or object is said to be nanoscale if 
it is between one and 100 nanometers in at least one dimension. This contribution presents three 
optical methods related to the structural and dimensional characterization of features or objects 
at the nanoscale. In particular, we discuss advanced model-based optical scatterometry, absolute 
interferometric measurements of structuring errors in computer-generated holograms and 
explore new concepts for 3D nanometrology over a large measurement volume of 200 mm 
´ 200 mm ´ 25 mm using the capabilities of the Nanopositioning and Nanomeasuring Machine 
(NPMM-200) installed at ITO.  
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Abstract  

Due to its high-precision, high-speed and low-cost, FPP is one of the most powerful non-contact 

and non-interferometric optical three-dimensional (3D) measurement techniques. Based on our 

earlier study on phase measurement, correspondence, and 3D reconstruction, we further 

investigated the following theoretical aspects, which have rarely been explored in the past: (i) how 

to establish a complete theoretical noise model; and (ii) how to approximate complex theoretical 

model for practical engineering applications. Answers to these questions enable the provision of 

theoretical guidance for development of FPP, addressing hardware selection, error tolerance, and 

precision estimation. 
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2SWLFV�SURYLGHV�DQ�H[FHOOHQW�SODWIRUP�WR�H[SORUH�DQG�REVHUYH�QRYHO�SKHQRPHQD�LQ�SK\VLFV��%\�
EULQJLQJ� QHZ� SK\VLFDO� SKHQRPHQD� LQWR� RSWLFV�� ZH� QRW� RQO\� OHDUQ� QRYHO� ZD\V� WR� FRQWURO� DQG�
PDQLSXODWH� OLJKW�� EXW� RSWLFV� DOVR� DLGV� LQ� H[SORULQJ� WKHVH� SKHQRPHQD� LQ� XQSUHFHGHQWHG� ZD\V�
EH\RQG�WKH�UHDFK�RI�RWKHU�UHDOPV�RI�SK\VLFV��,Q�WKLV�WDON��,�ZLOO�SUHVHQW�WKH�REVHUYDWLRQ�RI�WZR�
XQLTXH�SK\VLFDO�SKHQRPHQD� LQ�RSWLFV��7KH� ILUVW� RQH� LV� EUDQFKHG� IORZ��:KHQ�ZDYHV�SURSDJDWH�
WKURXJK�D�ZHDNO\�GLVRUGHUHG�SRWHQWLDO�ZLWK�D�FRUUHODWLRQ�OHQJWK�ODUJHU�WKDQ�WKH�ZDYHOHQJWK��WKH\�
IRUP�FKDQQHOV��EUDQFKHV��RI�HQKDQFHG�LQWHQVLW\�WKDW�FRQWLQXH�GLYLGLQJ�DV�WKH�ZDYHV�SURSDJDWH��
7KLV�IXQGDPHQWDO�ZDYH�SKHQRPHQRQ��NQRZQ�DV�EUDQFKHG�IORZ��ZDV�ILUVW�REVHUYHG�LQ�HOHFWURQV�
LQ�VHPLFRQGXFWRU�KHWHURVWUXFWXUHV�DQG�ODWHU�LQ�PLFURZDYH�FDYLWLHV��EXW�LW�FDQ�RFFXU�IRU�DQ\�NLQG�
RI�ZDYH��UHJDUGOHVV�RI�ZDYHOHQJWK��,�ZLOO�GHPRQVWUDWH�KRZ�ZH�REVHUYHG�EUDQFKHG�IORZ�RI�OLJKW�
IRU�WKH�ILUVW�WLPH�E\�SURSDJDWLQJ�OLJKW�WKURXJK�WKLQ�OLTXLG�ILOPV��)RU�WKH�VHFRQG�SKHQRPHQRQ��,�
ZLOO�SUHVHQW�WKH�REVHUYDWLRQ�RI�D�QHZ�IDPLO\�RI� IXQGDPHQWDO� ODVHU�PRGHV� LQ�VWDEOH�UHVRQDWRUV��
WKH�%R\HU-:ROI�*DXVVLDQ�PRGHV��:H�GLVFRYHUHG�WKHVH�QHZ�PRGHV�E\�VWXG\LQJ�WKH�LVRPRUSKLVP�
EHWZHHQ� VWDEOH� ODVHU� UHVRQDWRU� FDYLWLHV� DQG� TXDGUDWLF� +DPLOWRQLDQV� DQG� REVHUYHG� WKHP� E\�
FRQVWUXFWLQJ� D� ODVHU� UHVRQDWRU� HTXLYDOHQW� WR� D� TXDQWXP� WZR-GLPHQVLRQDO� DQLVRWURSLF� KDUPRQLF�
RVFLOODWRU�ZLWK�D�����IUHTXHQF\�UDWLR� 
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new fundamental phenomena that allow us to control light in nontrivial ways, such as photonic 
topological insulators, artificial gauge fields in optics, and non-Hermitian photonics, and on 
studying how these phenomena and platforms can be applied to improve or realize new 
photonic systems such as lasers, waveguides, photonic lattices, and optical fibers. For example, 
he has theoretically and experimentally observed new families of nondiffractive beams and 
accelerating beams, ultrafast tailored spatio-temporal pulses, and a new fundamental family of 
laser modes, the Ince Gaussian modes. His collaborative work launched the field of topological 
insulator lasers. 
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Abstract: 
White light imaging (WLI) remains indispensable as the standard of care during surgery and 
therapy, from ophthalmoscopy to endoscopy. The primary purpose of WLI is to guide the 
operator by faithfully replicating the human vision system. Yet in doing so, valuable biological 
information about the tissue is subsequently lost, with tissue contrast perceived solely by the 
human eye. Multispectral imaging (MSI) captures spatial information across a number of 
spectral (or color) bands. Selecting spectral bands to target specific spectral biomarkers could 
enhance the sensitivity and specificity of imaging diagnostic methods. Multispectral filter arrays 
(MSFAs) based on thin-film optical components can be monolithically integrated with image 
sensors and are proposed as a key enabler for MSI in biomedical imaging. In this presentation, I 
will discuss ongoing work focused on biomarker-specific MSFAs including computational 
methods to design MSFAs, fabricate techniques for manufacturing, and preliminary prototypes 
of MSFAs for medical imaging applications including cancer diagnosis and screening. 
 

Biography: Travis Sawyer is an Assistant 
Professor of Optical Sciences at the University of 
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We implemented a dynamic electronic speckle pattern interferometer with out-of-plane sensitivity 
using a pixelated polarization camera. The system is based on polarization phase shift techniques 
that, combined with the polarization imaging sensor, can follow temporary deformation fields 
caused by mechanical stress. The optical instrument have potential implementations of 
characterizing information such as hardness and malleability of steel samples. The implemented 
system captures four simultaneous patterns with comparable intensities, from which the optical 
phase is calculated using a frequency phase demodulation algorithm and subsequently, the out-
of-plane deformation field. We present experimental results and implementation of the optical 
system measuring a galvanized steel plate, showing the feasibility of our proposal. 
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Holography is a widely recognized technique for generating a new wavefront from an existing one 
through a diffraction medium[1]. In the case of a thin hologram, the phase-match condition permits the 
occurrence of multi-order diffraction lights, resulting in relatively low diffraction efficiency. However, a 
notable advantage lies in the absence of significant Bragg selectivity in both spatial and wavelength 
domains. In contrast, a volume hologram adheres to stringent Bragg conditions, reflecting energy and 
momentum conservation in k-space[2]. This characteristic renders a volume hologram highly sensitive to 
the reading conditions[2]. Deviation from the Bragg condition, either in incident angle or reading 
wavelength, leads to ineffective diffraction. Volume holograms can be categorized into two types: 
transmission and reflection. Both types can achieve 100% diffraction efficiency, albeit with distinct 
behaviors. For a transmission volume hologram, the diffraction efficiency oscillates as the coupling strength 
increases. Conversely, the diffraction efficiency of a reflection volume hologram exhibits a different 
behavior, approaching 100% as the coupling strength reaches a sufficiently large value. In the case of a 
transmission volume hologram, it attains the status of a strong volume hologram upon reaching the first 
100% diffraction efficiency. Consequently, when designing a volume holographic optical element (VHOE), 
it is imperative to meticulously consider the Bragg condition and other incident conditions.  

One of the notable advantages of VHOE is their ability to efficiently transform one wavefront into a 
desired form with 100% efficiency. However, a significant challenge arises when designing VHOEs for 
arbitrary wavefronts, as an effective method for calculating diffraction efficiency was lacking. 

Existing calculation models, such as the couple mode equation for holograms with two plane waves, 
and methods like Born's approximation and VOHIL, are suitable for scenarios with small coupling strength, 
i.e., when diffraction efficiency is limited [3-4]. When dealing with intricate diffraction efficiency 
calculations and determining the Bragg condition for a local field, VOHIL proves to be a particularly 
effective and clever approach. Its utilization of a phase mismatch factor facilitates the handling of the Bragg 
condition in real space rather than in k-space. 

In our proposed approach, we introduce a novel method to calculate the phase mismatch factor 
throughout the entire volume of a VHOE. As illustrated in Figure 1, varying phase mismatch factors exist 
across the VHOE when the reading light deviates slightly from the direction of the reference light. When 
WKH�GLIIHUHQFH� LQ� WKH�SKDVH�PLVPDWFK� IDFWRU� DORQJ� D� VSHFLILF� GLIIUDFWLRQ�GLUHFWLRQ� H[FHHGV��ʌ�� HIIHFWLYH�
diffraction along that direction is impeded. This approach proves valuable in determining the Bragg 
condition for designing a VHOE, especially when the reading light must deviate from the reference light. 

Figure 2 presents a more complex scenario where two spherical writing lights counter-propagate. The 
spherical reading light deviates slightly from the reference light, inducing a Bragg mismatch in the VHOE. 
Each cube in the figure corresponds to a certain diffraction light with a spherical wavefront propagating 
along a direction linked to the deviation between the reading light and the reference light. By examining 
the phase deviation map, a designer can ascertain the existence of effective diffraction. This scheme proves 
instrumental in the development of intricate VHOEs, particularly those intended for use in Augmented 
Reality/Mixed Reality near-eye glasses [5-6]. 
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Fig. 1 The Diffraction behaviors for a 2K reflection volume hologram. The phase deviation map comes 
from the reading light deviating from the reference light.   

 
 
 
 
 
 
 
 
 

Fig. 2 The Diffraction behaviors for a 2K reflection volume hologram. The phase deviation map 
comes from the reading light deviating from the reference light and diffracted light has the same 

deviation from the other writing light. All lights in the simulation are spherical waves. 
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The main advantage of speckle phase retrieval is the sufficient intensity variation which is essential for a non-
stagnating iterative wavefront reconstruction. The method utilizes diffuse illumination of test objects and a 
reconstruction algorithm based on a wave propagation equation. The first part of the presentation will cover 
the method’s basic principles, step-by-step implementation, as well as some applications in optical metrology.  
Due to object-related factors and sampling issues especially for smooth test objects, the convergence of the 
iterative algorithm may still be slowed down. The second part will discuss novel algorithms that maximize the 
utilization of the available intensity variation. Finally, possible topics for collaboration will be presented.  
 
OCIS codes: (100.5070) Phase Retrieval; (100.3010) Image reconstruction techniques; (030.6140) 
Speckle; (060.5060) Phase Modulation; (230.1980) Diffusers. 
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Plastids, including chloroplasts, are specialized organelles crucial for the regulation of 
photosynthesis and the provision of essential nutrients to plant cells. These organelles contain 
plastidial proteins primarily encoded by nuclear genomes, which are later transported into the 
stroma through an integrated import complex located within the membrane layers of plastids. 
The efficiency of this import process varies among different plastid-targeting proteins and is 
rigorously controlled by chloroplast-transit peptides (cTPs) predominantly positioned at the 
N-terminus of each protein. However, a systematic classification of the import activities of cTPs 
has not been previously established. In this research, we undertook a comprehensive approach 
that integrated computational prediction, in planta expression, fluorescence tracking, and in 
vitro import assays to systematically categorize 89 sequences of combinatorial cTPs collected 
from a chloroplast protein library based on their distinct import activities. Notably, we 
discovered a remarkable cTP with high import efficiency, surpassing other candidates in 
facilitating the translocation of green fluorescent protein into chloroplasts. Intriguingly, our 
experimental optimization unveiled the significant roles of specific amino acid sequences and 
the cleavage site of this cTP in enhancing the import efficiencies of key metabolic enzymes and 
RNA processing proteins associated with photosynthesis within the chloroplast. Our findings 
present valuable insights into the potential application of biotechnological strategies in 
chloroplast engineering by manipulating cTPs in specialized plastidial proteins. Moreover, the 
identified cTP holds promise for enabling the nanostructure-based biomolecules targeting within 
the plastids of cultivated plants, marking a significant advancement in plant molecular biology. 
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The fusion of imaging and computational processing has expanded the wavelength range 
that can be imaged. However, the ability to image a wide range of wavelengths, including 
non-visible light, with a single system is still a challenge due to limitations in the 
wavelengths that can be supported by devices, such as an illumination light source and 
an image sensor. In this research, femtosecond-laser-driven light sources on a water film 
have been applied for computational broadband imaging. The spatial position of the light 
source was controlled by beam deflection using a galvanometer scanner. The spatially 
selective generated light sources form a coded illumination pattern with a broadband 
wavelength including visible and non-visible region. Femtosecond laser-driven light 
sources function as ultra-broadband illumination light, including the non-visible region, 
depending on the excitation target and pulse energy. In particular, liquid-state targets such 
as water films can produce a broad emission spectrum that includes X-rays and terahertz 
waves in addition to the visible region. We have demonstrated X-ray and visible imaging 
by using the femtosecond-laser-driven light sources which was two-dimensionally 
generated on a water film. Furthermore, the imaging time was reduced while maintaining 
the number of pixels in the reconstructed image by using compressed sensing algorithms 
and coded illumination patterns. 
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In recent years, products have become increasingly miniaturized and complex, and many micro 
components with high aspect ratio structures have become widespread. Simultaneously, there is 
a growing demand for a method to measure such shapes with less than submicron accuracy. 
However, measurement of steep and smooth surfaces has general problems such as probe 
contact angle and light reflection angle. Therefore, we focused on fluorescence as a 
measurement principle that is not limited by such geometrical constraints. Fluorescence is a 
phenomenon in which an excited molecule emits the differential energy as light in all directions 
when it returns to its ground state. Fluorescence emitted from the object itself is particularly 
called autofluorescence, which is known to be emitted from many materials such as glass and 
ceramics when UV light is incident. In this study, we propose a method to detect 
autofluorescence using a confocal system and to estimate the surface position by fitting a model 
that takes absorption by a sample itself into account. Results of measuring a fluorescent plate 
show that the method is capable of measurement with residuals of less than 1 µm even on 
smooth slopes that exceed the focusing angle of the objective lens. 
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$TXDWLF� GLVSOD\� RSWLFDO� V\VWHP� KDV� EHHQ� LPSURYHG� WR� DYRLG� GLVWRUWLRQ� RI� LPDJHV� GXH� WR�
GLVWXUEDQFHV� DW� WKH� LQWHUIDFH�� 7KH� GHYHORSHG� DTXDWLF� GLVSOD\� ZDV� XWLOL]HG� IRU� SUHOLPLQDU\�
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ILUVW�DTXDWLF�GLVSOD\�WKDW� IRUPV� LPDJHV�XQGHUZDWHU�E\�XVH�RI�DHULDO� LPDJLQJ�E\�UHWUR�UHIOHFWLRQ�
�$,55���7DNLQJ�DGYDQWDJH�RI�WKH�DTXDWLF�GLVSOD\��ZH�DUH�FRQVLGHULQJ�WKH�XVH�RI�WKLV�GLVSOD\�LQVWHDG�
RI� FRQYHQWLRQDO� GLVSOD\V� IRU�95� ELRORJ\� H[SHULPHQWV��ZKHUH� ILVK� EHKDYLRUDO� H[SHULPHQWV� DUH�
FRQGXFWHG� XVLQJ� YLVXDO� VWLPXOL� DQG� YLUWXDO� UHDOLW\� HQYLURQPHQWV� DUH� FRQVWUXFWHG� IRU� WKH�
H[SHULPHQWV��  
� � � 7KHUH�DUH� WZR�SUREOHPV�WKDW�EH�FDXVHG�ZKHQ�FRQYHQWLRQDO�GLVSOD\V�DUH�SODFHG�XQGHUZDWHU��
2QH�SUREOHP�LV�WKDW�WKH�GLVSOD\�LV�GLVWXUEHG�E\�ZDWHU�IORZ��7KH�DTXDWLF�GLVSOD\�GRHV�QRW�UHTXLUH�
KDUGZDUH� WR� EH� LQVWDOOHG� DW� WKH� ORFDWLRQ� ZKHUH� WKH� LPDJH� LV� SUHVHQWHG�� 0RUHRYHU�� ZH� KDYH�
VXFFHHGHG�LQ�HOLPLQDWLQJ�GLVWRUWLRQ�RI�WKH�SUHVHQWHG�LPDJHV�E\�SODFLQJ�WKH�RSWLFDO�FRPSRQHQWV�RI�
WKH�$,55��WKH�EHDP�VSOLWWHU�DQG�UHWUR�UHIOHFWRU��7KHUHIRUH��LW�LV�SRVVLEOH�WR�SUHVHQW�VWLPXOL�XVLQJ�
RQO\�SXUH�RSWLFDO�LQIRUPDWLRQ�DV�H[SHULPHQWDO�FXHV�ZLWKRXW�GLVWXUELQJ�WKH�IORZ�RI�ZDWHU��$QRWKHU�
SUREOHP�LV�WKDW�WKH�GLVSOD\�OLPLWV�WKH�REVHUYDWLRQDO�DUHD��PDNLQJ�LW�LPSRVVLEOH�WR�WDNH�D�SKRWRJUDSK�
RI� ILVK� IDFLQJ� WKH� GLVSOD\� IURP� WKH� IURQW�� 7R� VROYH� RI� WKLV� SUREOHP�� E\� XVLQJ� SRODUL]DWLRQ�
PRGXODWLRQ�DQG�LQVWDOOLQJ�D�FDPHUD�RQ�WKH�RSWLFDO�SDVV�RI�RSWLFDO�VHH�WKURXJK�$,55��ZH�UHDOL]HG�
DQ�RSWLFDO�V\VWHP�WKDW�FDQ�FDSWXUH�WKH�EHKDYLRU�RI�ILVK�IURP�WKH�IURQW�ZKLOH�SUHVHQWLQJ� DTXDWLF�
GLVSOD\�DV�YLVXDO�VWLPXOL��7KLV�V\VWHP�HQDEOHV�WKH�HQWLUH�VXUIDFH�RI�WKH�ZDWHU�WDQN�WR�EH�VXUURXQGHG�
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In this study, we present a novel approach for the measurement of modulation transfer function (MTF) in fisheye 
lenses. Fisheye lenses, known for their extreme wide-angle views, pose unique challenges for MTF testing due to their 
complex optical properties, and the need for a large space for testing. The object of this research is to devise a compact 
testing setup that enables MTF analysis of fisheye lenses within a controlled environment. To achieve this objective, we 
designed a setup using a relay lens system that reduces the required testing space from a full room to a compact 0.5m x 0.5m 
x 0.5m enclosure. We show an MTF analysis on one fisheye lens within this controlled environment. 

The widespread use of fisheye lenses has become a reality in modern optics, making accurate evaluation of their 
performance critical. However, traditional test methods for fisheye lenses often require large test benches and complex 
laboratory environments, which makes testing expensive and less practical. Previously there were test devices that were a 
cylindrical structure with a radius of 75 centimeters on which the target was placed [1] [2], the size of the test device now being used is width 
of at least 3 meters, height of at least 2 meters [3]. 

 

 

Fig 1 The current test method requires   Fig 2 This is the fisheye lens experimental setup with Relay Lens already in place, and the      
a larger space for testing with a fisheye  upper dome is used to set up the test charts for the experiment.                            
lens. 

We provide a comprehensive explanation of the Modulation Transfer Function theory, including the underlying mathematical 
formulas. MTF [4][5] (Modulation Transfer Function) is a capability or parameter employed to assess the performance of optical systems, 
such as lenses, cameras, telescopes, and similar devices.  

In conclusion, our research not only addresses the specific challenges associated with fisheye lens testing but also contributes to 
the broader landscape of optical engineering by introducing a compact and adaptable testing solution. 
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A volumetric display generates voxels in three-dimensional physical space. A user can directly 
observe the volumetric image. A volumetric display with the voxels generated by a focused pulsed 
laser in air is developed. It achieves touch interaction using a seamless relationship between the 
user and the image. The first objective of our study is to enlarge the display size.  
 In this presentation, we demonstrate the evaluation of the image rendering range and the 
voxel emission characteristics of the volumetric display when the image size of centimeter order 
is realized by reconstructing the optical system.  
 Figure 1 shows the experimental system for the volumetric display. Mainly it consists of a 
femtosecond laser with a central wavelength of 1030 nm, a repetition rate of 1k-100 MHz, and a 
pulse width of 155 fs, a galvano scanner to adjust the light focusing position in the lateral direction, 
a varifocal lens to adjust the light focusing position in the optical axis, and an Fθ lens. The 
luminescence generated by the focused femtosecond laser irradiation was observed by a CCD 
image sensor. 
 Figure 2 shows drawing range of the display system. The voxels were generated in 
most areas of the operating range of the device, no voxel generation was observed at the corner 
position around z = 4.2 cm. This is because the variable focus lens acts as a concave lens, causing 
some of the laser incident on the galvanometer scanner to be larger than the mirror, and due to the 
lower NA. 

          
         Fig. 1 Experimental seup．              Fig. 2 Drawing range of volumetric display. 
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$EVWUDFW� 
7KH�GLHOHFWULF�EDVHG�IUHH�HOHFWURQ�ODVHU��)(/��LV�D�EUHDNWKURXJK�LQ�FRPSDFW��KLJK�SHUIRUPDQFH�
ODVHU�WHFKQRORJ\��RIIHULQJ�SRWHQWLDO�DSSOLFDWLRQV�LQ�GLYHUVH�ILHOGV��:LWK�DQ�LQQRYDWLYH�GHVLJQ�DQG�
GLHOHFWULF� PDWHULDOV�� LW� HQVXUHV� H[FHSWLRQDO� ODVHU� SHUIRUPDQFH� LQ� D� FRPSDFW� IRUP� VXLWDEOH� IRU�
LQGXVWULDO� DQG�PHGLFDO� XVH��7KH� HQKDQFHG� GHVLJQ�� HPSOR\LQJ� &2062/� WHFKQLTXHV� DQG� &67�
VRIWZDUH��HQKDQFHV�HOHFWURQ�JUDWLQJ�LQWHUDFWLRQ��OHDGLQJ�WR�QRWDEOH�FRXSOLQJ�HIIHFWV� 
 
2EVHUYLQJ�UHVRQDQW�FRXSOLQJ�SKHQRPHQD�LQ�LQWHUDFWLRQV�EHWZHHQ�D����NH9�HOHFWURQ�DQG�D�����QP�
ZDYHJXLGH� WKLFNQHVV��FRXSOHG�ZLWK�JUDWLQJ�SHULRGV�RI�����QP������QP��DQG�����QP�� WKH�)(/�
GHYLFH�GHPRQVWUDWHG�UDGLDWLRQ�HPLVVLRQ�ZLWKLQ�D�UHVRQDQW�IUHTXHQF\�UDQJH�RI�������3+]�WR�������
3+]��DFFRPSDQLHG�E\�DQ�HOHFWULF�ILHOG�LQWHQVLW\�RI�������9�P� 
 
7KH� IDEULFDWLRQ� SURFHVV� IROORZHG� D� WULSDUWLWH� LWHUDWLYH� SURFHGXUH�� FUHDWLQJ� GLVWLQFW� PHVD��
ZDYHJXLGH�� DQG� JUDWLQJ� OD\HUV�� ,WHUDWLYH� OLWKRJUDSK\� DQG� 'HHS� 5HDFWLYH� ,RQ� (WFKLQJ� �'5,(��
RSHUDWLRQV� UHVXOWHG� LQ� SUHFLVH� GLPHQVLRQV�� SRVLWLRQLQJ� WKH� GLHOHFWULF�EDVHG� )(/� GHYLFH� DV� D�
SURPLVLQJ�VROXWLRQ�IRU�DGYDQFLQJ�ODVHU�WHFKQRORJ\�DSSOLFDWLRQV� 
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7KLV�SDSHU�SURSRVHV�D�QRYHO�YLVLELOLW\�HVWLPDWLRQ�PHWKRG�RI�VXEMHFWLYH�VXSHU�UHVROXWLRQ�GLVSOD\�
E\�XVH�RI�D�GHHS�QHXUDO�QHWZRUN��6XEMHFWLYH�VXSHU�UHVROXWLRQ�GLVSOD\�LV�DQ�LQIRUPDWLRQ�GLVSOD\�
PHWKRG�WR�SUHVHQW�D�KLJKHU�UHVROXWLRQ�WKDQ�WKDW�RI�D�KLJK�IUDPH�UDWH�/('�GLVSOD\��,Q�WKH�VXEMHFWLYH�
VXSHU�UHVROXWLRQ�GLVSOD\��VDPSOHG�SL[HO�LQIRUPDWLRQ�LV�GLVSOD\HG�DW�D�KLJK�VSHHG�RQ�WKH�/('�SDQHO��
UHVXOWLQJ�LQ�WKH�SHUFHSWLRQ�RI�DQ�LPDJH�ZLWK�D�KLJKHU�UHVROXWLRQ�WKDQ�WKH�DFWXDO�SK\VLFDO�QXPEHU�
RI�SL[HOV��7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�FODULI\�ZKHWKHU�D�GHHS�QHXUDO�QHWZRUN�FDQ�EH�XVHG�WR�
HVWLPDWH�WKH�YLVLELOLW\�RI�VXEMHFWLYH�VXSHU�UHVROXWLRQ�GLVSOD\V�FRPSRVHG�RI�URWDWLRQDO�VDPSOLQJ� 
� � � :H�XVHG�3UHGLFWLYH�&RGLQJ�1HWZRUN� �3UHG1HW�� IRU� H[SHULPHQWV��3UHG1HW� LV� D�GHHS�QHXUDO�
QHWZRUN� EXLOW� IRU� HVWLPDWLQJ� KXPDQ� SHUFHSWLRQ�� DQG� LPLWDWHV� WKH� SURFHVV� RI� SUHGLFWLRQ� LQ� WKH�
FHUHEUDO�FRUWH[�RI�WKH�KXPDQ�EUDLQ��3UHG1HW�KDV�EHHQ�SURSRVHG�DV�D�PRGHO�IRU�OHDUQLQJ�JHQHULF�
IHDWXUHV�DQG�SUHGLFWLQJ�IXWXUH�LPDJHV�IURP�JLYHQ�YLGHR�LPDJHV��$IWHU�WUDLQLQJ�WKH�QHWZRUN�XVLQJ�
YLGHR�FDPHUD�LPDJHV�RI�QDWXUDO�VFHQHV��WKH�FRQVWUXFWHG�3UHG1HW�ZDV�XVHG�WR�SUHGLFW�WKH�URWDWLRQ�
VDPSOHG� VXEMHFWLYH� VXSHU�UHVROXWLRQ� GLVSOD\� IURP� WKH� YLGHR� LPDJHV� RI� WKH� VXEMHFWLYH� VXSHU�
UHVROXWLRQ�GLVSOD\��7KH�SUHGLFWLRQ�ZDV�LQFRUUHFW�ZKHQ�WKH�QXPEHU�RI�LQSXW�LPDJHV�ZDV�VPDOO��EXW�
DV�WKH�QXPEHU�RI�LQSXW�LPDJHV�ZDV�LQFUHDVHG��WKH�SUHGLFWLRQ�DFFXUDF\�ZDV�LPSURYHG� 
� � � )RU�WKH�HVWLPDWLRQ�RI�YLVLELOLW\�XVLQJ�3UHG1HW�IRU�URWDWLRQ�VDPSOHG�VXEMHFWLYH�VXSHU�UHVROXWLRQ�
GLVSOD\V��WKH�SUHGLFWLRQ�UHVXOWV�IURP�WKH�LQSXW�LPDJH�VKRZ�WKDW�LW�LV�SRVVLEOH�WR�SUHGLFW�RQH�IUDPH�
DKHDG�ZLWK�DQ�DFFXUDF\�WKDW�HQDEOHV�WKH�GLVFULPLQDWLRQ�RI�FKDUDFWHUV� 
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ABSTRACT 

Terahertz Time-Domain Spectroscopy (THz-TDS) is a well-known application of the Terahertz 
spectrum (0.1 THz to 10 THz) for non-destructive material characterization. The THz-TDS system 
has been widely used for measuring the optical and electrical properties of conductive and non-
conductive samples. The increasing demand for high-performance integrated circuits in a variety 
of applications, including electric vehicles, renewable energy, and 6G communications, has led to 
the development of semi-insulating compound semiconductor materials. In this paper, we have 
non-destructively measured the electrical properties such as resistivity and carrier concentration 
of semi-insulating (SI) Silicon Carbide (SiC) and Indium Phosphide (InP) wafers using the THz-
TDS in transmission mode. The Nelder-Mead algorithm is utilized to estimate the electrical 
properties based on the transmission (S21) measurement data and the simplified Drude model. The 
estimated resistivity of the SiC and InP samples from the THz TDS measurements are (1.42 ± 
������ î� ����ȍ� �FP ڄ DQG� ����� �� ����� î� ����ȍ�  cm, respectively, and are consistent with the ڄ
manufacturer specifications. The feasibility of THz-TDS in the transmission mode for non-
destructive electrical evaluation of semi-insulating SiC and InP is demonstrated and offering a 
promising tomographic inspection approach for online monitoring with the potential to enhance 
production yields in the semiconductor industry. 

 
Keywords: THz-TDS, non-destructive, semiconductor, spectroscopy  
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:H�ZDQW� WR� GHYHORS� ³DTXDWLF� GLVSOD\´� WKDW� GRHV� QRW� LQWHUIHUH� ZLWK� WKH� IORZ� RI� ZDWHU� RU� WKH�
PRYHPHQW�RI�ILVK�E\�XWLOL]LQJ�WKH�DHULDO�GLVSOD\�WKDW�IRUPV�LPDJHV�LQ�PLG�DLU�LQ�*UDQW�LQ�$LG�IRU�
6FLHQWLILF�5HVHDUFK��6���%\�XVLQJ� WKLV�³DTXDWLF�GLVSOD\´��D�QHZ�ELRORJLFDO�H[SHULPHQW�PHWKRG�
XVLQJ�95�ELRORJ\�DQG�PRQLWRULQJ�WKH�EUHHGLQJ�VWDWXV�RI�ILVK�LQ�DTXDFXOWXUH�ZLWKRXW�VWUHVVLQJ�WKH�
ILVK� ZLOO� EH� DFKLHYHG�� )RU� GHYHORSLQJ� ³DTXDWLF� GLVSOD\´�� ZH� KDYH� SURSRVHG� �'� GLVSOD\V� IRU�
FDQGLGDWHV��VXFK�DV��$��)XOO�YLHZLQJ�$UF��'�GLVSOD\�� �%��8QGHUZDWHU�$UF��'�GLVSOD\�DQG��&��
')'�GLVSOD\�ZLWK�DHULDO�LPDJH���$��)XOO�YLHZLQJ�$UF��'�GLVSOD\�FDQ�EH�VLPSO\�FRQVWUXFWHG�E\�
XVLQJ�FLUFXODU�VKDSHG�VFUDWFKHV�DQG�LOOXPLQDWLRQ�SHUSHQGLFXODU�WR�VFUDWFKHV��%ULJKW�VSRW�SRVLWLRQV�
WR� HDFK� H\H� DXWRQRPRXVO\� FKDQJH� DFFRUGLQJ� WR� WKH� H\H� PRYHPHQW�� 7KLV� OHDGV� WR� ELQRFXODU�
GLVSDULW\�WR�ERWK�H\HV��DQG�DXWRQRPRXV�FKDQJH�DFFRUGLQJ�WR�H\H�PRYHPHQW�UHVXOWV�LQ�FRQWLQXRXV�
PRWLRQ�SDUDOOD[��0RUHRYHU��FLUFXODU�V\PPHWU\�VWUXFWXUH�SURYLGHV�IXOO�YLHZLQJ��'�LPDJHV�ZLWK�
VPDOO� EOLQG� SRVLWLRQV�� �%�� 8QGHUZDWHU�$UF� �'� GLVSOD\� KDV� D� SUREOHP� RI� VPDOO� GLIIHUHQFH� RI�
UHIUDFWLYH� LQGH[� EHWZHHQ� VXEVWUDWH�PDWHULDO� �a����� DQG�ZDWHU� �a����� DV� FRPSDUHG� WR� DLU� ������
EHFDXVH�$UF��'�LPDJH�LV�FDXVHG�E\�UHIUDFWHG�RU�UHIOHFWHG�OLJKW�LQ�WKH�VFUDWFKHV��+RZHYHU��HYHQ�LQ�
ZDWHU��$UF��'�LPDJHV�FDQ�EH�REVHUYHG�DQG�EULJKW�VSRW�SRVLWLRQ�FKDQJH�E\�REVHUYDWLRQ�SRLQW�LV�WKH�
VDPH�DV�LQ�DLU��0RUHRYHU��KLJKHU�EULJKWQHVV�LV�REWDLQHG�E\�XVLQJ�FRPSDUDWLYHO\�KDUG�VXEVWUDWH�DQG�
LQFUHDVLQJ�VFUDWFKLQJ�VWUHQJWK���&��$HULDO�LPDJH�')'�GLVSOD\�LV�FRPSRVHG�RI�FRQYHQWLRQDO�/&'�
DQG�DHULDO� LPDJH��3HUFHLYHG�GHSWK�RI�DHULDO�LPDJH�')'�GLVSOD\� LV�DOPRVW� OLQHDUO\�FKDQJHG�E\�
OXPLQDQFH�UDWLR�EHWZHHQ�IURQW�DQG�UHDU�LPDJH�DV�VDPH�DV�RQH�RI�FRQYHQWLRQDO�')'�GLVSOD\� 
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'LJLWDO�KRORJUDSK\�LV�XVHG�LQ�D�ZLGH�UDQJH�RI�ILHOGV��LQFOXGLQJ�PHGLFDO�VFLHQFH�DQG�ELRORJ\��DQG�
RQH�DSSOLFDWLRQ�LV�LQGXVWULDO�PHDVXUHPHQW��'LJLWDO�KRORJUDSK\�LV�D�VXLWDEOH�WHFKQRORJ\�IRU�IDFWRU\�
OLQH� LQVSHFWLRQ� GXH� WR� LWV� QRQ�GHWHFWLYH� SURSHUW\�� PLFURPHWHU�RUGHU� DFFXUDF\�� DQG� UHDO�WLPH�
SHUIRUPDQFH��+RZHYHU�� WKH�PHDVXUHPHQW� RI� VKDSH� XVLQJ� WKLV� WHFKQRORJ\� LQ� IDFWRULHV� LV� WLPH�
FRQVXPLQJ��ZKLFK�DIIHFWV�WKH�VSHHG�RI�TXDOLW\�LQVSHFWLRQ�RQ�WKH�SURGXFWLRQ�OLQH��7KHUHIRUH��ZH�
SURSRVH�D�PHWKRG�WR�UHGXFH�XQQHFHVVDU\�SRLQW�PHDVXUHPHQWV�E\�XVLQJ�RQH�GLPHQVLRQDO�LPDJH�
LQVWHDG�RI�WZR�GLPHQVLRQDO�LPDJH��7KLV�DSSURDFK�LQFUHDVHV�FDOFXODWLRQ�VSHHG�DQG�WKXV�VROYHV�WKH�
LQVSHFWLRQ�VSHHG�SUREOHP��,Q�WKLV�VWXG\��ZH�XVHG�D�0LFKHOVRQ�LQWHUIHURPHWHU�DV�WKH�RSWLFDO�V\VWHP��
:H�SURYLGH�DQ�RYHUYLHZ�RI�WKH�SURFHVV��)LUVW��RQH�GLPHQVLRQDO�LQIRUPDWLRQ�LV�DFTXLUHG�XVLQJ�DQ�
LPDJH� VHQVRU�� 1H[W�� ZH� PRYHG� RQ� WR� LQ�FDOFXODWRU� SURFHVVLQJ�� +HUH�� ZH� VHOHFWHG� WKH� )RXULH�
WUDQVIRUP�PHWKRG��7KH�DFTXLUHG�RQH�GLPHQVLRQDO�LQWHUIHUHQFH�IULQJH�GDWD�LV�)RXULHU�WUDQVIRUPHG�
WR�REWDLQ�D�VSHFWUXP��$IWHU�DFTXLULQJ�WKH�ILUVW�RUGHU�OLJKW��LQYHUVH�)RXULHU�WUDQVIRUP�LV�SHUIRUPHG�
WR�REWDLQ�DPSOLWXGH�DQG�SKDVH�LQIRUPDWLRQ��%\�UHSHDWLQJ�WKLV�VHULHV�RI�SURFHVVHV��D�VLQJOH�LPDJH�
LV�ILQDOO\�DFTXLUHG��&RPSDUHG�WR�WZR�GLPHQVLRQDO�LQSXW��WKH�DPRXQW�RI�GDWD�WR�EH�SURFHVVHG�LV�
RYHUZKHOPLQJO\�VPDOO�� 
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6WHP�FHOO�IDWH�WUDQVLWLRQ�LV�FUXFLDO�IRU�WKH�GHYHORSPHQW�RI�ERWK�ODQG�SODQWV�DQG�PHWD]RDQV��,Q�WKH�
PRVV�3K\VFRPLWULXP�SDWHQV�� WUDQVLWLRQ�IURP�YHJHWDWLYH�JDPHWRSKRUH�VWHP�FHOO� WR�UHSURGXFWLYH�
DQWKHULGLXP�LQLWLDO�VWHP�FHOOV�FDQ�EH�WULJJHUHG�E\�ORZ�WHPSHUDWXUH�DQG�VKRUW�GD\OHQJWK�FRQGLWLRQV��
7KLV� IHDWXUH� LV� VXLWDEOH� WR� HOXFLGDWH� WKH� PROHFXODU� PHFKDQLVP� XQGHUO\LQJ� WKH� VWHP� FHOO� IDWH�
WUDQVLWLRQ�WULJJHUHG�E\�HQYLURQPHQWDO�FXHV��+HUH��ZH�ILUVW�DQDO\]HG�ZKHWKHU�ORZ�WHPSHUDWXUH�RU�
VKRUW� GD\OHQJWK� FDQ� LQGHSHQGHQWO\� WULJJHU� WKH� VWHP� FHOO� IDWH� WUDQVLWLRQ�� 1H[W�� ZH� DVNHG� WKH�
LQYROYHPHQW�RI�($5/<�)/2:(5,1*����(/)����3+<72&+520(�,17(5$&7,1*�)$&725�
�� �3,)���DQG� WKH�KLVWRQH�YDULDQW�+�$�=��ZKLFK�KDYH�EHHQ�UHSRUWHG�DV� WKHUPRVHQVRUV�RU�FORFN�
UHJXODWRUV�LQ�IORZHULQJ�SODQWV��LQ�WKH�VWHP�FHOO�IDWH�WUDQVLWLRQ��,Q�3��SDWHQV��IRXU�(/)���IRXU�3,)���
DQG�WKUHH�+�$�=�RUWKRORJV�ZHUH�LGHQWLILHG�WKURXJK�RXU�SK\ORJHQHWLF�DQDO\VLV��7R�LQYHVWLJDWH�WKHLU�
UROH�LQ�WKH�WUDQVLWLRQ�SURFHVV��PXOWLSOH�KLJKHU�RUGHU�PXWDQWV�KDYH�EHHQ�REWDLQHG�E\�&5,635�&DV��
V\VWHP��2EVHUYDWLRQ�RI�WKHVH�PXWDQW�SKHQRW\SH�GXULQJ�WKH�VWHP�FHOO�IDWH�WUDQVLWLRQ�LV�QRZ�RQJRLQJ��
(VWDEOLVKPHQW�RI�NQRFN�LQ�OLQHV�RI�P&LWULQH�LQWR�HDFK�RI�3S(/)���3S3,)��DQG�3S+�$�=�ORFL�LV�
DOVR� LQ� SURJUHVV� IRU� XQGHUVWDQGLQJ� WKH� VSDWLRWHPSRUDO� G\QDPLFV�� ,Q� WKLV� SUHVHQWDWLRQ��ZH�ZLOO�
UHSRUW�RXU�ODWHVW�UHVXOWV� 
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Our research group aims to develop plasmon metal nanostructures for photothermal response. 
Surface Plasmon resonance is a phenomenon in which electrons in a metal interact with light and 
vibrate collectively. Semi-shell is metal nanostructures in which dielectric microsphere is partially 
covered with metal. It can cause surface plasmon resonance and efficiently absorb light. Semi-
shell can be fabricated in large areas by colloidal lithography in a simpler process than 
conventional metal nanostructures and is expected to have a variety of applications. Selective 
emitter, which controls the wavelength of thermal radiation using the selective absorption 
properties of semi-shell, can be used to improve the power generation efficiency of Solar-
thermophotovoltaics (STPV) that generate electrical energy from sunlight. Photothermal 
deformation of the half-shell by laser irradiation can be used in memory systems and color filters. 
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Beam shaping technology for shaping Gaussian beams into flat-top beams has been applied 
in materials processing and medical fields. There are various methods to shape the flat-top beam, 
such as using an aspherical optical system and a diffractive optical system. The method of 
displaying a computer-generated hologram (CGH) on a spatial light modulator (SLM) enables a 
high degree of freedom in beam shaping with high diffraction efficiency. The issue of the 
generated flat-top beam is its short depth of focus. In general, after the flat-top beam propagates 
over a long distance, the intensity distribution is distorted and deviates from a flat-top beam. 
The short depth of focus is due to the non-flat phase of the flat-top beam. Therefore, in order to 
increase the depth of focus, the phase distribution of the flat-top beam should be flat. 

In this paper, we demonstrated the flat-top beam shaping with increased depth of focus using 
two SLMs. The CGH displayed on the first SLM shaped the Gaussian beam into the flat-top 
beam. The CGH was calculated using the weighting iterative Fourier transform algorithm [3]. 
The CGH displayed on the second SLM flattened phase of the generated flat-top beam. The 
CGH was equivalent to the phase conjugate of the flat-top beam generated by the first SLM. To 
validate the effectiveness of our proposed method, we implemented the method in simulation. 
Figure 1(a) shows the conventional flat-top beam with the short depth of focus. Figure 1(b) 
shows the improved flat-top beam with the long depth of focus. 
 

     

     
Fig. 1 (a) Conventional flat-top beam with the short depth of focus. (b) Improved flat-top beam 
with the long depth of focus. 
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7KH�ODVHU�GULOOLQJ�RI�PLFUR�KROHV�LV�XVHG�IRU�SODVWLFV�WR�PDNH�HOHFWULF�FRQGXFWLYLW\�EHWZHHQ�ERWK�
VXUIDFHV�RI�SULQWHG�FLUFXLW�ERDUGV��IRU�WKLQ�JODVVHV�DQG�SODVWLFV�WR�LQFUHDVH�WKH�GHQVLW\�RI�FLUFXLWV�
LQ�LQWHJUDWHG�VHPLFRQGXFWRU�FLUFXLWV��DQG�IRU�VWDLQOHVV�VWHHO�WXEHV�VXFK�DV�QR]]OHV�DQG�LQMHFWLRQ�
QHHGOHV�LQ�PHGLFDO�GHYLFHV��7KH�KROH�GULOOLQJ�LV�DOZD\V�UHTXLUHG�KLJK�GHQVLW\��KLJK�SUHFLVLRQ��DQG�
PDVV� SURGXFWLRQ� LQ� WKH� LQGXVWU\�� )HPWRVHFRQG� ODVHU� SURFHVVLQJ� LV� VXLWDEOH� IRU� WKH�PLFUR� ODVHU�
GULOOLQJ��EHFDXVH�LW�KDV�QR�WKHUPDO�HIIHFW��  
7KH� RSWLPDO� ODVHU� SDUDPHWHUV� DUH� GHWHUPLQHG� WKURXJK� SULRU� H[SHULPHQWV� DQG� WKH� DFFXPXODWHG�
UHVXOWV�GHSHQGLQJ�RQ�WKH�W\SH�DQG�VKDSH�RI�WKH�ZRUNSLHFH��$Q�LQ�SURFHVV�PHDVXUHPHQW�DQG�WKH�
UHDO�WLPH�IHHGEDFN�FRQWURO�RI�WKH�ODVHU�SDUDPHWHUV�ZLOO�UHGXFH�WKH�DPRXQW�RI�WKH�SULRU�H[SHULPHQWV��
7KH� LQ�SURFHVV� PHDVXUHPHQW� LV� SHUIRUPHG� ZLWK� DQ� XOWUDVRXQG� PHDVXUHPHQW�� 7KH� XVH� RI� WKH�
XOWUDVRXQG�KDV�WKH�DGYDQWDJHV�IRU�RSWLFDO�PHDVXUHPHQWV��QRQ�FRQWDFW�DQG�GHHS�SDUW�IRU�RSDTXH�
PDWHULDO��7KH�REVHUYDWLRQ�RI�WKH�XOWUDVRXQG�JHQHUDWHG�E\�D�IHPWRVHFRQG�ODVHU�SXOVH�LUUDGLDWLRQ�WR�
D�PDWHULDO�DQG�WKH�XVH�RI�WKH�REVHUYHG�VLJQDOV�IRU�DQ�LQ�SURFHVV�FRQWURO�RI�ODVHU�SDUDPHWHU�LQ�WKH�
IHPWRVHFRQG�ODVHU�GULOOLQJ��7KH�VRXQGV�JHQHUDWHG�GXULQJ�IHPWRVHFRQG�ODVHU�SURFHVVLQJ�KDV�ZLGH�
IUHTXHQF\�UDQJH��7KH�VRXQG�ZLWK�WKH�UDQJH�XS�WR�VHYHUDO�KXQGUHGV�RI�NLOORKHUW]�FDQ�EH�REVHUYHG�
ZLWK� D�PLFURSKRQH� DQG� WKH� VLJQDO�ZLOO� EH� XVH� IRU� WKH� FRQWURO� RI� ODVHU� SDUDPHWHU�� EHFDXVH� WKH�
PDJQLWXGH�RI�WKH�VRXQG�KDV�D�PRQRWRQLFDO�UHODWLRQ�RI�WKH�DPRXQW�RI�ODVHU�DEODWLRQ��$FFRUGLQJ�WR�
:HEVWHU
V�+RUQ�HTXDWLRQ��WKH�VRXQG�ZLWK�KLJKHU�IUHTXHQF\�VKRXOG�EH�PHDVXUHG�WR�NQRZ�WKH�GHSWK�
RI�WKH�SURFHVVHG�KROH�IURP�WKH�JHQHUDWHG�VRXQG��,Q�WKLV�VWXG\��DQ�RSWLFDO�PLFURSKRQH�LPSOHPHQWHG�
ZLWK� D� FRD[LDO� LQWHUIHURPHWHU� LV� XVHG� WR� GHWHFW� WKH� KLJK�IUHTXHQF\� VRXQG�� 7KH� FRD[LDO�
LQWHUIHURPHWHU�LV�DGRSWHG�IURP�LWV�H[WHUQDO�YLEUDWLRQ�UHVLVWDQFH� 
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VXFK� DV� FHOO-SKRQH� FDPHUDV�� 7KH� KXPDQ� H\H� LV� DQ� H[DPSOH� RI� DGDSWLYH� RSWLFDO� V\VWHP��
FRPSULVLQJ�RI�FRUQHD��SXSLO�DQG�OHQV��7KH�FRUQHD�LV�UHVSRQVLEOH�IRU�PRVW�RI�WKH�RSWLFDO�SRZHU��
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DQG�WKH�H\H�OHQV�FDQ�DGMXVW�LWV�VKDSH�YLD�WKH�FLOLDU\�PXVFOHV��ZRUNLQJ�DV�D�YDULDEOH�IRFXV�OHQV��
&RQYHQWLRQDO�RSWLFDO�V\VWHPV�DUH�EDVHG�RQ�PHFKDQLFDOO\�PRYLQJ�SDUWV�RI�JODVV�RU�SODVWLF�OHQVHV�
WR� DGMXVW� IRFXV�� PDJQLILFDWLRQ�� DQG� ILHOG� RI� YLHZ�� 0LQLDWXUH� DGDSWLYH� OHQV�� KRZHYHU�� LV� DQ�
DOWHUQDWLYH� WR� FKDQJH� IRFDO� OHQJWKV� ZKLOH� HOLPLQDWLQJ� WKH� QHHG� WR� PHFKDQLFDO� PRYLQJ� SDUWV��
0DQ\� DGDSWLYH� OHQVHV� WKDW� PLPLF� H\HV� KDYH� EHHQ� GHYHORSHG� WR� UHSODFH� WKH� PXOWLSOH� VROLG�
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UHVSRQVH�WR�D�FRQWURO�VLJQDO��7KH�FRPELQDWLRQ�RI�QHPDWLF�OLTXLG�FU\VWDOV�DQG�WKHLU�WHFKQRORJ\�WR�
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We have started “Research Project for Polarization Engineering” in the Center for Optical Research 
and Education, Utsunomiya University since April 2022. The propose of this group is set as, 
 

1)  Formation of a Strategic Base for research of polarization engineering 
2)  Educational campaign for polarization technology through reskilling and consultancy  
3)  To establish technique for polarization theory, especially for interface for optical 

design and quantum optics 
4)  Application area for polarization imaging, especially spectrum snapshot channeled 

imaging for Stokes parameters and Mueller matrices and its application for automobile 
and environmental; sensing 

5)  Polarization standard:  Proposal of standard sample, calibration method and 
polarization calibration service   

 
Our goal after 5 years is pointed out as,  

1) International collaboration paper is 1 paper per year.  
2) International funding is 2 projects per year. 

   3)  To establish a startup company, a polarization consortium for polarization standardization. 
 
 
Short biography: 

Yukitoshi OTANI is the director of Center for Optical Research and Education 
(CORE), a professor and head of Department of Optical Engineering and, Utsunomiya 
University, JAPAN. He received his master's degree from Tokyo University of 
Agriculture and Technology in 1990 and his doctor's degree from the University of 
Tokyo in 1995. After working at HOYA Corp., an associate professor at Tokyo 
University of Agriculture and Technology until 2010, he joined the CORE from April 
2010. His current interests include polarization engineering, optical measurement and 

optomechatoronics. He is a fellow of SPIE and Optica(OSA), Editor-in-Chief of Optical Review, an 
associate editor of OSA continuum and Precision Engineering, a board member of Optik-International 
Journal for Light and Electron Optics and an Editorial Board of International Journal of Optimechatornics. 


