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Abstract 
A novel process was developed for fabricating a polytetrafluoroethylene (PTFE) thin film using 
synchrotron radiation (SR). First, a PTFE substrate was exposed to high-energy X-rays (2–8 keV) 
at room temperature. Afterwards, the PTFE substrate (target) was heated under atmospheric pressure 
and fragments desorbed from the surface deposited on a glass substrate to produce a film with a 
thickness of above 10 µm. The characterization of the chemical structure of the deposited film was 
carried out using X-ray diffraction (XRD). The results indicated that the crystalline structure of the 
film became closer to those of the PTFE substrate upon an increase in the X-ray irradiation of the 
sample. The fabrication process of this PTFE thin film could be applied to various fields because 
surface modification of the substrate can be easily carried out. 

 
 
Introduction 

Compared with other polymers, 
polytetrafluoroethylene (PTFE) has high heat 
resistance, excellent chemical stability, electrical 
insulation and low friction. Due to these 
outstanding properties, it is used in various 
applications, such as piping tube, packing in 
chemical plants, and cable coating. Also, thin 
films of PTFE are required for certain 
applications, such as proton exchange 
membranes [1] and membranes for desalination 
[2]. 

Several methods have been reported for 
fabricating thin films of PTFE, such as 
thermolysis [3], ion-beam sputtering [4], laser 
ablation [5-7], and synchrotron radiation (SR) [8-
10]. These are performed by depositing 
fragments derived from PTFE on a substrate. 
Films deposited via SR can be specially 
fabricated with a high deposition rate, with 
compositions and crystalline features similar to 
those of the PTFE substrate. The method can be 
performed by etching has been proposed [12,13], 
which is carried out by heating an X-ray 
irradiated PTFE substrate. An etching depth of 1 
mm can be obtained using this method. 

In this study, a novel process was developed 
for fabricating a PTFE thin film using SR. First, 
a PTFE substrate was subjected to high-energy 
X-rays (2–8 keV) at room temperature. 
Afterwards, the substrate (PTFE target) was 
heated under atmospheric pressure and fragments 
desorbed from the surface deposited on a glass 
substrate. As previously mentioned, high-energy 
X-ray photons can penetrate more deeply in the 
PTFE substrate to induce chain scission. 
Therefore, more fragments, which desorbed from 
the surface upon the heating of the PTFE target, 

are generated, significantly increasing the 
number of molecules that can form a deposited 
film. The chemical structure of the film were then 
evaluated using X-ray diffraction (XRD).  
 
Experiments and Results 

 PTFE thin films were prepared via the SR 
irradiation of PTFE substrates. The exposure was 
carried out on beamline BL-11 [14] of the 
NewSUBARU SR facility at the University of 
Hyogo, Japan. The storage ring electron energy 
was set at 1.5 GeV. Figure 1 (a) shows the 
calculated spectrum of the X-ray beam at the 
exposure stage, which is continuous from 2–
8 keV with a peak photon energy of 4.5 keV. 
Figure 1 (b) shows the photon energy dependence 
of the transmittance through PTFE substrates 
with various thicknesses of 10, 20, 50, 100, and 
300 µm. X-rays with higher photon energy are 
able to penetrate deeper into the film, causing 
scission of the main chain C–C bonds, induced 
from the PTFE surface to a depth of around 300 
µm via X-ray irradiation on beamline BL-11. 

A commercially available PTFE substrate 
(UNIVERSAL Co., Ltd., 00I-251-02) was used 
to prepare the PTFE target with a thickness of 
1.5 mm, which is enough to suppress the 
distortion of the substrate caused by heating 
during the deposition. The PTFE substrate was 
placed perpendicular to the incident X-ray beam 
in the exposure chamber of beamline BL-11 and 
vertically scanned at a scanning rate of 5 mm/s. 
The X-ray irradiation dose was controlled by 
changing the number of scans. Here helium (He) 
gas was introduced into the exposure chamber to 
suppress the temperature rise of the PTFE 
substrate and evaporation of the depolymerized 
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PTFE molecules during X-ray irradiation. The 
PTFE target was heated under atmospheric 
pressure on a hot plate for 1 hour and the 
fragments desorbed from the substrate surface 
were deposited onto a glass substrate. The air-gap 
distance between the PTFE target and the glass 
substrate was 3 mm. The PTFE target was used 
to prepare deposited films using X-ray doses of 
1.7, 3.0, and 4.3 J/mm2. The thicknesses of the 
deposited films were measured using a laser 
microscope and 6.6, 8.1, and 11.9 µm at 1.7, 
3.0, and 4.3 J/mm2. 
 

The crystalline structures of the deposited films 
on glass substrates were measured by XRD using 
a Rigaku-D/tex Ultra 250 equipped with a CuKα 
radiation source (  = 1.5406 Å). The XRD 
spectrum of a 0.1 mm thick pristine PTFE 
substrate without SR irradiation is shown in 
Fig. 2 (a). Diffraction peaks derived from 
amorphous and crystalline material were 
observed at 2θ = 16 and 18°, respectively, which 
correspond with previously reported values 
[9,12]. Figure 2 (b) shows the XRD spectra of the 

deposited films fabricated using the PTFE target 
with various X-ray doses. Peaks were observed at 
2θ = 16 and 18° at X-ray doses of 3.0 and 
4.3 J/mm2, similar to those observed for pristine 
PTFE. This result indicates that the crystalline 
structure of the deposited film is similar to that of 
PTFE at these X-ray doses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Conclusion 
 In this study, a novel deposition process was 
developed to fabricate a thin PTFE film using 
high-energy X-rays from 2–8 keV. A PTFE 
substrate was irradiated using X-rays and the 
deposition was carried out under atmosphere 
pressure by heating the PTFE target and 
depositing the fragments desorbed from the 
surface onto a glass substrate. Using this method, 
a thin film with a thickness of above 10 µm was 
achieved. The crystalline structures of the 
deposited films were evaluated using XRD. The 
XRD data of the samples were compared with 
those of the pristine PTFE substrate and it was 
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Fig. 1. (a) Calculated SR spectrum at 1.5 GeV 
recorded at the exposure stage on beamline BL-11. 
(b) Photon energy dependence of X-ray 
transmittance through PTFE substrates with 
various thicknesses of 20, 50, 100, and 300 µm.  
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Fig. 2. XRD spectrum of (a) 0.1 mm thick PTFE 
and (b) the deposited film fabricated using the 
PTFE target with X-ray irradiation doses of (A) 4.3, 
(B) 3.0, (C) 1.7 J/mm2. 
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found that the crystalline structures of the sample 
films are similar to those of the pristine PTFE 
substrate. The technique used in this study to 
fabricate PTFE thin films can be easily used to 
perform surface modification and can be applied 
to various applications. 
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Abstract 
We demonstrate the modification of transmittance of bulk polytetrafluoroethylene (PTFE) via 
synchrotron X-ray irradiation. X-ray irradiation of the PTFE substrate is conducted to mechanically 
suppress the photoevaporation of PTFE molecules. This method drastically increases the ultraviolet 
and visible transmittance of the irradiated areas of the substrates, with greater than 80% 
transmittance observed at the 350-nm wavelength. We observed the irradiated area via scanning 
electron microscopy and determined that this optical property modification is due to the 
homogenization of the bulk PTFE texture with nanometer to micron-sized pores. We expect that this 
modified PTFE will be employed as a construction material for various micro system devices such 
as Lab-on-a-chip and micro total analysis systems. 

 
 
Introduction 

Polytetrafluoroethylene (PTFE) has excellent 
material properties, such as high heat and 
chemical resistance, high mechanical strength, 
electrical insulation, a low dielectric constant, 
and low coefficient of friction. These ideal 
characteristics make PTFE an attractive material 
for microsystems such as micro-electro 
mechanical systems (MEMS), micro total 
analysis systems (µTAS), and Lab-on-a-chip 
(LOC). However, PTFE microfabrication and its 
bulk modification are difficult owing to the 
outstanding thermal and chemical stability of 
PTFE, with most PTFE research conducted using 
either x /γ , α, electron beam (EB), or neutron 
radiation to date [1–17]. 

The direct etching of PTFE induced by 
synchrotron radiation (SR) irradiation [1-3] and 
the precise process characteristics of PTFE 
etching using a high-energy (2–12 keV) X-ray 
and heat assistance have been studied extensively 
[4–7]. For example, tentative bubble-like 
structures were observed on the X-ray irradiated 
surface of PTFE substrates via scanning electron 
microscopy (SEM), and the results indicated that 
surface liquefaction occurred during the 
photolysis of bulk PTFE, with the desorption of 
photoproducts from the surface and subsequent 
degradation of the PTFE molecules [4–6]. 
Raman spectroscopy and X-ray diffraction 
measurements of the X-ray irradiated PTFE 
surfaces suggested that the chain scissions of 
PTFE were driven to completion [7], with 
confirmation that the melting temperature of the 
irradiated PTFE decreased because the molecular 
weight decreased owing to the chain scission of 
PTFE via X-ray irradiation, resulting in the 
evaporation of photoproducts from the surface. 

Furthermore, it has been reported that the 
modification of the optical properties of PTFE 
results in the transformation of the original 
opaque PTFE substrates into transparent PTFE 
substrates after several MeV of EB irradiation 
while in the molten state [9]. 

Here we report on the optical modification of 
bulk PTFE by suppressing the evaporation of the 
photoproducts generated via X-ray irradiation on 
the PTFE substrate, which drastically increases 
its ultraviolet (UV) and visible transmittance. 
 
Experiments and Results 
 The SR irradiation experiment on the PTFE 
substrates was conducted at beam line BL-11 
[18] of the NewSUBARU SR facility at the 
University of Hyogo, Japan. The storage ring 
electron kinetic energy was set at 1.5 GeV, with a 
storage ring current of 160–320 mA. Each PTFE 
substrate (500-µm thickness) was enclosed in a 
12-µm-thick Al film barrier layer. The sample 
heating was adjusted to maintain an incident SR 
beam that was perpendicular to the PTFE surface 
in the reaction chamber, and the PTFE surface 
was vertically scanned to ensure a homogeneous 
intensity distribution, which was performed by 
moving the exposure stage. The SR irradiation 
dose was controlled by changing the number of 
scans. The X-ray irradiation was conducted with 
heating in a vacuum. The dashed line of Fig. 1 
shows the calculated spectrum in BL-11. The line 
is obtained by the 1.5 GeV operation with a 
storage ring current of 300 mA. The solid line of 
Fig. 1 shows the spectrum of the beam adding the 
transmission of the Al film barrier layer of PTFE 
substrate to the above spectrum. The photon 
energy of the X-ray irradiated PTFE substrates 
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spans the 3–8 keV range. Additionally, the UV 
and visible transmittance of the irradiated area of 
the substrates were measured using a 
spectrophotometer. 

We performed X-ray irradiation of the PTFE 
substrates under 4 ± 2 Pa pressure and a heating 
temperature of 200 °C. The SR doses were 0, 13,  
23, 26, and 33 J/cm2 with the 1.5 GeV operation 
in BL-11. The transmittance increases with 
higher SR doses, as shown in Fig. 2, with more 
than 80% transmittance at the 350-nm 
wavelength and SR dose of 33 J/mm2. 

 
Our results demonstrate that the drastic 

change in the transmittance of bulk PTFE via SR 
irradiation is attributed to the homogenization of 
the bulk PTFE substrate. Commercialized PTFE 
substrates generally possess a low UV and visible 

transmittance owing to light scattering because 
they are produced via sintering as-polymerized 
powder, and their bulk morphology comprises a 
porous texture with nanometer to micron-sized 
pores [19]. However, it is confirmed that the 
PTFE melting point decreases via SR irradiation 
and allows the material from the irradiated area 
to infiltrate the pores in the non-irradiated area as 
the melting liquid; this leads the homogenization 
of the bulk PTFE texture. Figure 3 shows a SEM 
image of an SR-irradiated PTFE surface that 
suppressed the evaporation of photochemical 
products in BL-11, with an SR dose of 33 J/mm2. 
As mentioned above, we confirmed that this 
optical property modification arose with the 
homogenization of bulk PTFE. Further, we 
assume that the degradation in the crystallinity of 
the PTFE bulk texture owing to SR irradiation is 
another contributing factor. 
 
Conclusion 
 In this paper, we demonstrate that X-ray 
irradiation modifies bulk PTFE by mechanically 

suppressing photoevaporation of the PTFE 
molecules and drastically increases the UV and 
visible transmittance of the PTFE molecules. We 
suggest that the modification of the transmittance 
of bulk PTFE is caused by the homogenization of 
bulk PTFE. It is expected that this modified 
PTFE will be employed as a construction 
material in various micro system devices, such as 
LOC and µTAS, for the observation of cells and 
chemiluminescent immunoassays to detect target 
substances in microliquids. 
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M. Krzysiek, H. Utsunomiya, I. Gheorghe, D. M. Filipescu, T. Renstrøm, G. M. Tveten, S. Belyshev, K. 
Stopani, H. Wang, G. Fan, Y-W. Lui, D. Symochko, S. Goriely, A-C. Larsen, S. Siem, V. Varlamov, B. 
Ishkhanov, T. Ari-izumi, S. Miyamoto 
Zakopane Conference on Nuclear Physics, 26th August to 2nd September 2018, Zakopane, Poland. 
 

6. "γ-ray Strength Functions and Partial GDR Cross Sections in the IAEA Photonuclear Data 
Project" 
H. Utsunomiya, I. Gheorghe, D.M. Filipescu, K. Stopani, S. Belyshev, T. Renstrøm, G.M. Tveten, S. 
Goriely, Y.-W. Lui, T. Ari-izumi, S. Miyamoto, V. Varlamov, B. Ishkhanov, A.C. Larsen, S. Siem 
6th International Workshop on Compound-Nuclear Reactions and Related Topics, CNR18, Berkeley, 
September 24-28 (2018). 
 

7. "NewSUBARU BL05 - A industrial analysis beam line in soft and tender X-ray region" [2P059] 
Takayuki Hasegawa, Masaharu Uemura, Tohru Awane, Noboru Fukada, Kazuhiro Kanda, Sei Fukushima 
ICG Annual Meeting, 2018.9.23-26, Pacifico Yokohama 
 

8. "Local structure analysis of Si-containing DLC films by X-ray absorption spectroscopy" [key note] 
Kazuhiro Kanda 
The 3rd SLRI-NUT-SIAT Colloquium 2018, 2018.11.21, Synchrotron Light Research Institute, 
NakhonRatchasima, Thailand 
 

9. "1H NMR Detection on Nitrogen Terminated Diamond by Shallow Nitrogen Vacancy Centers" 
[EP09.03.03] 
Takahiro Sonoda, Sora Kawai, Hayate Yamano, Jorge J. Buendia, Taisuke Kageura, Yu Ishii, Kiro 
Nagaoka, Ryosuke Fukuda, Takashi Tanii, Moriyoshi Haruyama, Keisuke Yamada, Shinobu Onoda, 
Wataru Kada, Osamu Hanaizumi, Alastair Stacey, Kazuhiro Kanda, Masaharu Uemura, Tokuyuki Teraji, 
Junichi Isoya, Shozo Kono and Hiroshi Kawarada 

(2)   International meetings
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MRS Fall Meeting & Exhibit, 2018.11.25-30, the Hynes Convention Center Boston, Massachusetts, USA 
 

10. "Development of On-site Cleaning Method of Carbon Contamination with Atomic Hydrogen" 
Masahito Niibe, Takashi Tokushima, Tomohiko Kono, Yusuke Hashimoto, Yuka Horikawa, and Hiroaki 
Yoshida 
The 23rd Hiroshima International Symposium on Synchrotron Radiation, Higashi-Hiroshima, 7-8, March 
2019.  

 
11. "Effect of Atmospheric-Pressure O2 Plasma-Assisted Annealing on Photocatalytic Activity of TiO2 

Nanoparticles" 
Yuki Yoshitani, Retsuo Kawakami, Hirofumi Koide, Naoki Takami, Masahito Niibe, Yoshitaka Nakano, 
Chisato Azuma and Takashi Mukai 
Proceedings of International Symposium of Dry Process 2018, 255-256, Nagoya, Nov. 2018. 
 

12. "Hydrophilic Modification of Polypropylene Film Surfaces Treated by Atmospheric-Pressure Air 
Plasma Jet" 
Retsuo Kawakami, Yuki Yoshitani, Kimiaki Mitani, Naoki Takami, Hirofumi Koide, Norihiro Sugimoto, 
Masahito Niibe, Yoshitaka Nakano, Chisato Azuma and Takashi Mukai 
Proceedings of International Symposium of Dry Process 2018, 253-254, Nagoya, Nov. 2018. 
 

13. "Water Electrolyzing Catalyst of Pt and Fe, Ni, Ru-O Catalysts Deposited by Flame-Annealing on 
Carbon Electrode" 
R. Tsuji, H. Masutani, M. Niibe, Y. Haruyama, A. Heya, S. Nakajima, N. Matsuo, H. Fujisawa, S. Honda, 
S. Ito 
2018 Annual Nanotechnology Conf., Viena, Austria, Sep. 3-5 2018. 
 

14. "Water Electrolysis using Flame-Annealed Pencil Carbon Electrode" 
H. Masutani, R. Tsuji, M. Niibe, A. Heya, N. Matsuo, Y. Matsuo, S. Honda, S. Ito 
2018 Annual Nanotechnology Conf., Viena, Austria, Sep. 3-5 2018. 
 

15. "Removal of carbon contamination on easily-oxidizable-metal coated mirrors for synchrotron 
radiation beamlone using atomic hydrogen" 
Masahito Niibe, Tetsuo Harada, Akira Heya, Takeo Watanabe, Naoto Matsuo 
Inter’l. Conf. Hot Wire & Initiated Chemical Vapor Deposition (HWCVD10), Kitakyushu, Japan, 3-6, Sep. 
2018. 
 

16. "Removal of carbon contamination on oxidation-prone metal-coated mirrors using atomic 
hydrogen" 
Masahito Niibe, Tetsuo Harada, Akira Heya, Takeo Watanabe, Naoto Matsuo 
Inter’l. Conf. Synchrotron Rad. Instrumentation (SRI 2018), Taipei Taiwan, 10-15, June 2018. 
 

17. "Cryogenic-Ar laser-plasma-source" 
S.Amano (Invited) 
World Congress on Plasma Science and Technology (WCPST2018), Stockholm, Sweden, November 4-7, 
2018. 
 

18. "Growth Process of Hexagonal Boron Nitride in the Diffusion and Precipitation Method Studied by 
X-ray Photoelectron Spectroscopy" 
Satoru Suzuki, Yuichi Haruyama 
14th Int. Conf. Atomically Controlled Surfaces and Interfaces (ACSIN14), Sendai, October 22, 2018. 
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19. "Quasi-Free-Standing Monolayer Hexagonal Boron Nitride on Ni Studied by XAS, XES, and 
PEEM" 
Satoru Suzuki, Yuichi Haruyama, Masahito Niibe, Takashi Tokushima, Akinobu Yamaguchi, Yuichi 
Utsumi, Atsushi Ito, Ryo Kadowaki, Akane Maruta, and Tadashi Abukawa 
International Workshop on Trends in Advanced Spectroscopy in Materials Science (TASPEC), Hiroshima, 
October 6, 2018. 
 

20. "Evaluation on the molecular orientation in photoreactive liquid crystalline polymer films by 
NEXAFS spectroscopy" 
Y. Haruyama, M. Okada, M. Kondo, and N. Kawatsuki 
14th International Conference on Electron Spectroscopy and Structure (ICESS-14), ShanhaiTech 
University, Shanhai, China, October 8, 2018 
 

21. "EUV Application Research at NewSUBARU" 
T. Watanabe and T. Harada 
Optics and Photonics International Congress, Yokohama, 2018/4/23-27. (Invited) 
 

22. "Synthesis and Property of Tannic Acid Derivatives and Their Application for Extreme Ultraviolet 
Lithography System" 
Hiroto Kudo, Shizuya Ohori, Hiroya Takeda, Hiroki Ogawa, Takeo Watanabe, Hiroki Yamamoto, 
Takahiro Kozawa 
The 35th International Conference of Photopolymer Science and Technology, Makuhari Messe, Chiba, 
Japan, 2018/6/25-28. (Invited) 
 

23. "In-Situ Measurement of Outgassing Generated from EUV Metal Oxide Nanoparticles Resist 
During Electron Irradiation" 
Seiji Takahashi, Hiroko Minami, Yoko Matsumoto, Yoichi Minami, Mikio Kadoi, Atsushi Sekiguchi, 
Takeo Watanabe 
The 35th International Conference of Photopolymer Science and Technology, Makuhari Messe, Chiba, 
Japan, 2018/6/25-28. 
 

24. "Fabrication of High-Aspect-Ratio Transmission Grating Using DDR Process for 10-nm EUV 
Resist Evaluation by EUV Interference Lithography" 
Mana Yoshifuji, Shota Niihara, Tetsuo Harada, and Takeo Watanabe 
ICPST35, Chiba, Japan, 2018/6/25-28. 
 

25. "Photopolymer Technology for Extreme Ultraviolet Lithography" 
Takeo Watanabe, Tetsuo Harada 
Polymer World Congress, Stockholm, Sweden, 2018/9/3-6. (Invited) 
 

26. "Reflectance measurement of EUV mirrors with s- and p-polarization light using polarization 
control unit" 
Tetsuo Harada, Takeo Watanabe 
EUV Lithography Symposium 2018, Monterey, USA, 2018/9/18. 
 

27. "Development of Absorption-Coefficient-Measurement Method of EUV Resist by Direct-Resist 
Coating on a Photodiode" 
Shota Niihara, Tetsuo Harada, Takeo Watanabe 
EUV Lithography Symposium 2018, Monterey, USA, 2018/9/18. 
 

28. "Research Activities of Extreme Ultraviolet Lithography at University of Hyogo" 
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Takeo Watanabe, Tetsuo Harada 
Micro Nano Engineering 2018, Copenhagen, 2018/9/24-27. 
 

29. "Research activity of evaluation tools including soft X-ray optics for the research of EUV 
lithography at University of Hyogo" 
Takeo Watanabe, Tetsuo Harada 
Physics of X-Ray and Neutron Multilayer Structures (PXRNMS) 2018, Paris, 2018/11/7-9. 
 

30. "Development of EUV Phase Imaging Microscope for Mask-3D-Effect and Defect Evaluation" 
Tetsuo Harada, Takeo Watanabe 
MNC2018, Sapporo, Japan, 2018/11/14. (Invited) 
 

31. "Fabrication of High-Aspect-Ratio Transmission Grating Using DDR Process for 10-nm EUV 
Resist Evaluation by EUV Interference Lithography" 
Mana Yoshifuji, Tetsuo Harada, Takeo Watanabe 
MNC2018, Sapporo, Japan, 2018/11/14. 
 

32. "Magnetic field dependence of ferromagnetic resonance of Ni wires fabricated on ferroelectric 
LiNbO3 substrate for studying magnetic anisotropy induced by the heterojunction" 
A. Yamaguchi, A. Nakao, Y. Utsumi, T. Saiki, Y. Takizawa, T. Ogasawara, K. Yamada 
INTERMAG 2018 Conference, Singapore, April 23-27, 2018 
 

33. "Heterojunction-induced Magnetic Anisotropy of Ni Wires on LiNbO3 Substrate" 
Akinobu Yamaguchi 
5th International Conference of Asian Union of Magnetics Societies (IcAUMS 2018), Jeju, Korea, June 
3-7, 2018, (INVITED) 
 

34. "Dielectrophoresis-controllable aggregation and dispersion of Aunanoparticles-decorated 
polystyrene beads with SERS-activity" 
Akinobu Yamaguchi, Yuichi Utsumi, Takao Fukuoka 
International Conference on Advancing Molecular Spectroscopy, Nishinomiya Campus of Kwansei 
Gakuin University, Hyogo, Japan, June 30 - July 1, 2018 
 

35. "The Self-assembly of Gold Nanoparticles is Available to SERS Nanobeacons" 
Takao Fukuoka, Yasushige Mori, Akinobu Yamaguchi 
International Conference on Advancing Molecular Spectroscopy, Nishinomiya Campus of Kwansei 
Gakuin University, Hyogo, Japan, June 30 - July 1, 2018 
 

36. "The study on magnetization reversal of zebra-stripe domain structure in Ni wires fabricated on a 
LiNbO3 substrate" 
A. Yamaguchi, K. Yamada, A. Nakao, T. Saiki, Y. Utsumi and T. Ogasawara 
21st International Conference on Magnetism (ICM2018), San Francisco, USA, July 15-20, 2018 
 

37. "Wire width dependence of ferromagnetic resonance in Ni wires on ferroelectric LiNbO3 substrate 
for studying heterojenction-induced magnetic characteristics" 
A. Yamaguchi, A. Nakao, T. Saiki, Y. Utsumi, T. Ogasawara and K. Yamada 
21st International Conference on Magnetism (ICM2018), San Francisco, USA, July 15-20, 2018 
 

38. "The Study on the Generation of Magnetic Anisotropy Induced by the Heterojunction between   
Ferromagnetic and Ferroelectric Materials" 
A. Yamaguchi, T. Ogasawara, Y. Utsumi, K. Yamada, A. Nakao 
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23rd International Colloquium on Magnetic Films and Surfaces (ICMFS 2018), UC Santa Cruz, USA, 
July 22-27, 2018 
 

39. "Study on magnetic characteristics modulated by Ferromagnetic/Ferro electric heterojunction" 
A. Yamaguchi 
The 34th International Conference of Photopolymer Science and Technology 
9th JEMS Conference 2018, Mainz, Germany, September 3-7, 2018 
 

40. "Ferromagnetic resonance study on Ni wire" 
Akinobu Yamaguchi 
The 34th International Conference of Photopolymer Science and Technology 
Micro Nano Engineering 2018, Copenhagen, Denmark, September 24-27, 2018 
 

41. "Study on surface acoustic wave actuator utilizing gravity for feeding various kinds of 
micro-powders" 
T. Saiki, K. Iimura, A. Yamaguchi, M. Takeo, Y. Utsumi, M. Suzuki 
Micro Nano Engineering 2018, Copenhagen, Denmark, September 24-27, 2018 
 

42. "Study on fabrication system of 3D printing or additive manufacturing process using X-ray 
radiolysis" 
A. Yamaguchi, I. Sakurai, I. Okada, A. Yamaguchi, M. Ishihara, T. Fukuoka, S. Suzuki, Y. Utsumi 
Micro Nano Engineering 2018, Copenhagen, Denmark, September 24-27, 2018 
 

43. "Characteristics of new deep X-ray lithography beamline (BL11) at new SUBARU" 
Masaya Takeuchi, Akinobu Yamaguchi, Yuichi Utsumi 
JCK MEMS/NEMS 2018 Conference, Dalian, China, July 13-15, 2018 
 

44. "Anisotropic pyrochemical etching of PTFE induced by synchrotron radiation irradiation" 
Masaya Takeuchi, Akinobu Yamaguchi, and Yuichi Utsumi 
29th Micromechanics and Microsystems Europe Workshop, 28, Smolenice, Slovakia, August 26-29, 2018 
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Master of Engineering 
 
Yuta Kajino (University of Hyogo) 
放射光利用光電子分光法によるアルミニウムの腐食進行に関する研究 
"Aluminum Erosion Analysis Using HAXPES at SPring-8 BL24XU " 
 
Fuki Sato (University of Hyogo) 
NewSUBARU BL3におけるEUV～VUV 領域用反射率計の開発 
"Development of Reflectometer in EUV – VUV Wavelength Region at NewSUBARU BL-03A" 
 
Shota Niihara (University of Hyogo) 
高感度EUV レジスト開発のための軟Ｘ線評価手法の開発 
"Development of Evaluation Methods in Soft X-ray for High-Sensitive EUV Resis" 

(3)   Academic degrees
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