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Guo et al., Electronic structure of GaInN semiconductors investigated by x-ray absorption 

spectroscopy, Applied Physics Letters, 98, 181901-1-3, 2011. 
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https://www.hitachi-hightech.com/jp/products/device/semiconductor/properties.html

Si, Ge, C (Diamond)

III-V GaAs, InAs, GaInAs, AlGaAs, AlInAs
GaP, InP, GaInP, AlGaInP. GaInAsP
GaN, AlN, InN, BN, GaInN, AlGaN, AlInN

II-VI ZnSe, ZnTe

IV IV SiC

:   ZnO, Ga2O3

                                                                                        
      

Si, GaAs, GaP:   Relatively narrow bandgap  of less than 2.3 eV

4H-SiC, ZnO, GaN:  Wide bandgap of about 3.4 eV

Ga2O3 , Diamond, AlN, MgO, :  Ultrawide bandgap of wider than 3.4 eV

                      
    

Guo et al., J. Appl. Phys. 73, 7969 (1993)

Thermal stability of InN Epitaxial growth of InN by Microwave excited MOVPE

Guo et al., J. Appl. Phys. 75, 4927, (1994)

Guo et al., Appl. Phys. Lett. 66, 715, (1995)
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Guo et al.  J. Crystal Growth 146, 462 (1995)

Guo et al.  Jpn. J. Appl. Phys. 34, 4653 (1995)

Difficult to grow AlInN in the 
entire compositional regions

Epitaxial growth of AlInN by Microwave excited MOVPE

Guo et al., J. Crystal Growth  189/190, 466 (1998).

Guo et al., Thin Solid Films 343-344, 524 (1999).

Growth of InN on glass substrate
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 (deg)

GaN (1013)
-

-400 -200 0 200 400
 (arcmin)

750

700

650

(0002) GaN

Growth of GaN by reactive sputtering
Guo et al., Journal of  Crystal Growth, 237/239, 1079 (2002).
Guo et al., Journal of Vacuum Science and Technology (A), 22, 1290 (2004).

Growth of InGaN by reactive sputtering
Guo et al., Japanese Journal of Applied Physics 49, 081203 (2010).

Growth of AlN by reactive sputtering
Guo et al., Journal of  Crystal Growth, 257, 123 (2003).
Guo et al., Thin Solid Films, 483, 16 (2005).
Guo et al., Vacuum, 80, 716 (2006).

Growth of AlInN by reactive sputtering (1)

Guo et al., Journal of  Crystal Growth, 300, 151 (2007).
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SOR-RING UVSOR

Guo et al., Solid State Communications, 83, 721 (1992).

Guo et al., Physical Review B 55, R15987 (1997). Guo et al., Physical Review B 64, 113105 (2001).

Guo et al., Physical Review B 58, 15304 (1998). Guo et al., Applied Physics Letters 86,  111911 (2005).

- 12 -



Guo et al., Applied Physics Letters 98,  181901 (2011). Growth of Ga2O3

10 15 20 25 30 35 40 45 50 55 60 65 70

10 15 20 25 30 35 40 45 50 55 60 65 70

 2 degrees

 600 C

 500 C

 400 C

 300 C

 200 C

Highly (- -Ga2O3 can be 
obtained at substrate temperature of 500oC.

Zhang et al. and Q.X. Guo*, J. Cryst. Growth, 387 (2014) 96.

Si doped Ga2O3

Zhang et al. and Q.X. Guo*, 
Applied Physics Letters, 109 (2016) 102105

Growth of (Ga1-xInx)2O3

Zhang et al. and Q.X. Guo*, Solid State Comm. 186 (2014) 28.

The indium content (x) in the films in
creases almost linearly with the increase of
indium content (xtar) in the targets

Growth of (Ga1-xAlx)2O3

Zhang et al. and Q.X. Guo*, Appl. Phys. Letts. 105 (2014) 162107

Growth of (Ga1-xAlx)2O3

Zhang et al. and Q.X. Guo*, Appl. Phys. Letts. 105 (2014) 162107
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Li et al. and Q.X. Guo*, Appl. Phys. Letts. 107 (2015) 022109.

The valence band spectra of PES at 8 keV
presented the main contribution from Ga
4sp, which are well represented by
photoionization cross section weighted
partial density of states.
The experimental data complemented with
the theoretical study yield a realistic
picture of the electronic structure for
Ga2O3

HAXPES in BL46XU of SPring-8

LED

Eg (eV)

nm =1240 eV)
https://en.wikipedia
.org/wiki/Light

  

LED

Guo et al.,  Jpn. J. Appl. Phys. 33, 2453 (1994). 

Er

, 550 nm

LED

Trapping
center

Ga2O3

4I15/2

4S3/2

Er doped Ga2O3 films were deposited on sapphire substrates for the first time.
Intense pure green emissions at 550 nm are clearly observed for the Er doped films.

Chen et al. and Guo*,  Superlattice Microstructures 90 (2016) 207

(b) (c)

(d) (e)

No peak shift at 550 nm is found with temperatures ranging from 77 to 450 K.
The intensity of the Er doped Ga2O3 films has a smaller variation with temperature
compared to GaN.

Chen et al. and Guo*,  Superlattice Microstructures 90 (2016) 207
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Bright green emission (548 nm) can be observed by naked eye from Ga2O3:Er/Si
light-emitting devices (LEDs).
The driven voltage of this LEDs is 6.2V which is lower than that of ZnO:Er/Si or
GaN:Er/Si devices.
Ga2O3 contain more defect-related level which will enhance the effects of
recombination, resulting in the improvement of the energy transfer to Er ions.

Chen et al. and Guo*, Appl. Phys. Lett. 109 (2016) 022107

Nishihagi et al. and Guo*, Materials Research Bulletin 94, 170 (2017).

Guo  et al. , Thin Solid Films 639, 123 (2017). Summary

Wide bandgap semiconductors are promising for
applications in solid state lighting and next-
generation power electronic devices.

Characterization by using synchrotron light is
powerful for revealing structural, electronic, and
optical properties of advanced thin films.
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Journal of Catalysis276 (2010) 6 15
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XRD
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CeO2 : Ce(NO3)3 xH2O
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Explanation is finished. 
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Schematic diagram of CAPD apparatus 
with negative substrate bias equipment
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HT-XAFS for Elucidating the Formation Mechanisms of ORR 
Active Sites in Fe-N-C Electrocatalysts 

 

A. Mufundirwa,1 K. Ogi,2 S. Yoshioka,2,6 T. Sugiyama,6 G. F. Harrington,7,9 K. 

Sasaki,1,5,7 A. Hayashi,1,8 S. M. Lyth5,8,10* 

1Department of Mechanical Engineering; 2Department of Applied Quantum 

Physics and Nuclear Engineering, 6Research Centre for Synchrotron Light 

Applications (RCSLA); 8Platform of Inter/Transdisciplinary Energy Research 

(Q-PIT), Kyushu University. 

 

Iron-decorated nitrogen-doped carbon (Fe-N-C) catalysts could replace platinum 

in fuel cells. However, there is lack of understanding of the formation mechanisms 

of active sites in these materials. Here, we utilise a nitrogen-doped carbon foam 

support with optimised porosity, surface area, and conductivity. This is infiltrated 

with iron (II) acetate and heat treated, changing the chemical state of the 

adsorbed iron, whilst the support properties are relatively unchanged. High 

temperature X-ray adsorption spectroscopy (XAS) was used to observe changes  in 

the adsorbed iron in-situ during synthesis, revealing the transition from Fe-O 

bonds in FeAc at low temperature to Fe-N bonds at 700 C as the iron binds with 

nitrogen atoms in the support. At 900 C Fe-Fe bonds are observed as the iron is 

reduced to metal, forming carbon-encapsulated nanoparticles. These physical 

changes significantly affect the electrochemical activity.  
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HT-XAFS for Elucidating the Formation Mechanisms of ORR Active Sites 
in Fe-N-C Electrocatalysts

A. Mufundirwa,1 K. Ogi,2 B. Smid,3 B. V. Cunning,4 Y. Shundo,5 S. Yoshioka, 2,6 T. Sugiyama,6 G. F. Harrington,7,9 K. Sasaki,1,5,7 A. Hayashi,1,8 S. M. Lyth5,8,10*
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Results

Conclusions

Figure 2: (a) Schematic diagrams of  N-C support, and (b) Fe-N-C synthesis procedures.

Figure 1: (a) PEFC schematic, (b) Pt/C to Fe-N-C schematic (c) Commercial Fe-N-C systems (d) Proposed active sites

Up to 45% of fuel cell cost 
comes from the platinum 
catalyst! Fe-N-C Catalyst

Pt/C
New Ballard fuel cell stack 

with Nissinbo Fe-N-C catalyst

1. (a)

and /or 

FeAc Adsorption

Heat Treatment (RT-900 ºC)

Iron-Decoration

Fe-N-C proposed active sites

1. (b) 1. (c)

1. (d)

0 0.2 0.4 0.6 0.8 1 1.2

-8

-6

-4

-2

0

2

4

6

8

10

0.2 0.4 0.6 0.8 1 1.2
-6

-5

-4

-3

-2

-1

0

 FeAc-N-C
 Fe-N-C300

 Fe-N-C500

 Fe-N-C700

 Fe-N-C(NH3)900

Potential (VRHE)

0.1 M HClO4

   50 mV/s

Potential (VRHE)

0.1 M HClO4

   10 mV/s

410 408 406 404 402 400 398 396 394 392

740 735 730 725 720 715 710 705 700 695

N-C
FeAc-N-C
Fe-N-C

900

N 1s

Fe 2p

Binding Energy (eV)

1. BET  and XRD 2. XPS and EXAFS 3. Transmission electron microscopy

Carbon-encapsulated Fe-nanoparticles

Atomic Fe (Porphyrin-like)

Figure 3: (a) BET of  N-C and Fe-N-C samples, and (b) 
XRD of N-C, Fe-N-Cs and commercial Fe-N-C sample.

0.0 0.2 0.4 0.6 0.8 1.0

0

50

100

150

200

250

300

350

400

 Fe-N-C
500

 Fe-N-C
700

 Fe-N-C
900

 N-C
 FeAc-N-C
 Fe-N-C

300

Relative Pressure (p/p
o
)

3. (a)

15 g

Figure 4: (a) N 1s and Fe 2p  XPS, and (b) EXAFS

XPS FeAc N-C

FeAc 150~300 C
Fe-N 300~700 C .
700 C Fe-N

N-C Fe-N-C I
FeAc

Fe-N-C700 Fe-N-C900 N-C FeAc

XRD Fe-N-C900 N-C Fe-N-C

500 C Fe-N-C ORR

700 C

1Department of Mechanical Engineering, Kyushu University, 2Department of Applied Quantum Physics and Nuclear Engineering, Kyushu University,
3Charles University, Prague, Czech Republic, 4UNIST, Ulsan, Republic of Korea, 5International Institute for Carbon Neutral Energy Research (WPI-I2CNER), Kyushu University
6 Research Centre for Synchrotron Light Applications (RCSLA), Saga Light Source, Kyushu University Beamline BL06, Saga Light Source, Tosu, Japan, 
7Next-Generation Fuel Cell Research for Hydrogen Energy, Kyushu University, 8Platform of Inter/Transdisciplinary Energy Research (Q-PIT), Kyushu University,
9Department of Materials Science and Engineering, Massachusetts Institute of Technology, Cambridge, MA, 02139, USA., 10Energy 2050, University of Sheffield, UK 

2. (a) 2. (b)

10 20 30 40 50 60 70 80 90

 NPC-2000

2

-Fe(002) -Fe(112)

-Fe(011)

 Fe-N-C
900

C(002)

 N-C
3. (b)

4. (a) 4. (b) 5. 

6. (a) 6. (b) 

References

NEXT-FC
Next-Generation Fuel Cell Research Center

- 70 -



          
 

 1,  2,  3,  4,  4,  2 

1 / , 2 / , 3 / , 4 /  

 

.  

XAFS-CT CT

X XAFS  

. XAFS-CT Ni 3

Ni . SiO2 Ni (As prep.), 

H2 CH4 3 Ni K

26 X 180°

900 As prep. CT Ni/SiO2 2

XAFS NiO

Ni 2 2 CT 

XAFS  

- 71 -



- 72 -



XAFS  
Mg-Zn-Gd L12  

 

    

 

 

TM RE

TM6RE8 L12 L12

LPSO

XAFS LPSO

L12

 

 573K 10 Mg97Zn1Gd2 673K

XAFS 6

1

90 B

Zn Gd

L12

A

LPSO

 

 

1 (a) XAFS (RT)

(b) 

 

- 73 -



            
LPSO Mg-TM-RE

           

                                                                                 

       

                                       

  

  

  

  

  

  

         

                                            

           
   

   

                                      

   

   
     

   

LPSO                    

                      

    
    

               
    

           
               

            
       

                

       
           

                                            
            

               
        

       
           
           

  

            
         

  

              

   
               

           
 

        
                     

                  

        

         

B-type

P-type

S-type

          

          

          

B-type

P-type

S-type

Plate 
LPSO Phase

Blocky 
LPSO Phase

Stacking Fault with 
Solute Segregation

LPSO 
phase -Mg

S-type

P-type

B-type

                                                 
                                      

   

0 60 120 180 240 300 360 420

In
te

ns
it

y
E

ne
rg

y
E

ne
rg

y

E0 position

Peak A intensity

Peak D position

Aging time / min.

(b)

N
or

m
al

iz
ed

 
E

) 
/ a

.u
.

9650 9660 9670 9680 9690 9700 9710
Energy / eV

Zn K

A D

Start; 573 K 10h (RT)

A
gi

ng
 a

t 6
73

K

(a)

773K 10h (RT)

B C

7 h

0 h

End; 573K 10h + 673 K 7 h (RT)

     
   

                                 
        

    

                                            
573 K
673 K
773 K

      
        

     

         
        

    

q / nm-1

I(
q)

1 2 3 4 5 6 7 8

9660 9680 9700 9720 9740
Energy / eV

N
or

m
al

iz
ed

 
E

) 
/ a

.u
.

E0A B C D F
573 K
673 K
773 K

Zn K

D1
D2

7230 72907250 7270
Energy / eV

N
or

m
al

iz
ed

 
E

) 
/ a

.u
.

573 K

673 K

773 K

Gd L3

        

  

9660 9680 9700 9720 9740

Energy / eV

N
or

m
al

iz
ed

 
(E

) 
/ a

.u
.

     

   

  

Zn K

            
       

 
                  
                  

            

    
              

           
 

               
         

                
     

            

        
            

                   

        

       

                   

Zn K
9650 9700 9750 9800

Energy/eV

In
te

ns
ity

/a
.u

.

(1)

(2)

(3)

9650 9700 9750 9800

Energy/eV

(1)

(2)

(3)

(4)

9650 9700 9750 9800

Energy/eV

(1)

(2)

(3)

(4)

                                 

         

   

- 74 -



X Multi-piezo  

 

    

 

 

pN LixNbO3:My LixNbO3

LixNbO3:My Piezo-luminescence

Piezo-electricity Multi-Piezo

Multi-piezo

Na+ Li+ Li1-xNaxNbO3:Pr3+

Na+ Nb

Nb-K XANES Na

Nb 1

X Nb

 

 

 
1 (a)Nb-K XANES (b) Na  

- 75 -



Introduction Experimental method

Na Nb Li,Na LiNbO3, NaNbO3

ML Nb
Pr-L3 XAFS

 

Summary

X Multi-Piezo

LiNbO :Pr3+ : Piezoelectricity + Mechanoluminescence

Acknowledgements

                                 

LN0.5 5

LNO 5

LN0.9 5
NNO 5

LN0.9

M
L

In
te

n
si

ty
 (

a
.u

.)

Load (N)

M
L

 In
te

ns
ity

 (
a

.u
.)

Na molar fraction (%)

80 82 84 86 88 90 92 94 96

 

 

 ML Int.

 PL Int.

Na molar fraction (%)

M
L 

In
te

ns
ity

 (
a

.u
.)

P
L

Inte
nsity (a

.u
.)

250 300 350 400

 

LN0.5
LNO

LN0.95
NNO

LN0.9

1
D

2
 

3 H
4

P
L In

tensity (a
.u.)

Wavelength (nm)

Excitation spectra PL spectra

XRD

In
te

n
si

ty
 (

a
.u

.)

NaNbO3 R3c

NaNbO3P21ma

LN0.1

LN0.5

LN0.9

LN0.95

(012)

(012) LiNbO3R3c

NaNbO3 Pbma

NNO

LNO

2 (degree)

(141)

(121)

Li

NbO6

   
            

       
 

                  
                  

                     
       

           

D. Tu, et al., Adv. Mater.,29 (2017) 1606914.

     
         

       

  

              

  

        

N
or

m
a

liz
ed

 in
te

ns
ity

 (
a

.u
.)

Li-R3c Na-R3c

Na-R3c

Na-P21ma

Pbma

+

Li Na NbO6

0 20 40 60 80 100
0

20

40

60

80

100

 

 Li-R3c (012)
 Na-R3c (012)
 P21ma (121)
 Pbma (141)

0 20 40 60 80 100

 

 

M
L

 In
te

ns
ity

 (
a

.u
.)

P
L Inten

sity (a
.u.)

0 20 40 60 80 100

 

 

E
n

er
g

y 
(e

V
)

19028

19026

19024

19022

19020

19018

19016

19014

19012

Na molar fraction x in Li1.01-xNaxNbO3 (%)

Li-R3c

ML PL

Nb-K XANES

               

                 

               

  

         

Li(1.01-x)NaxNbO3:Pr3+

SAGA-LS BL11 1910089F, 2003021F
JSPS 19H00835

    

          
  

            

    
            
        

Na 0.88 0.90

:
Na Li1-xNaxNbO3 Li/Na

P
L 

In
te

n
si

ty
 (

a
.u

.)

Na molar fraction (%)

H. Hara et. al., J. Ceram. Soc. Jpn, 128 (8), 518-522 (2020)

H. Hara et. al., J. Ceram. Soc. Jpn, 128 (8), 
518-522 (2020)

Results and Discussions

- 76 -



BL16/17  

 

  

  

 

X BL16

X BL17 2 BL 2016 11

2015 1

BL 2019

2020 1  

BL 2 BL 50 eV 35 keV

H He XAFS X

BL16 X /

BL17 X 1)  
2) 

/ / X XAFS /  

 

BL  

 
1) , , ,  , 

SEI , 192, 143 2018  
2) 13 p83 

 

 

 

- 77 -



0 10 20 30

107

108

109

1010

500 1000 1500 2000

108

109

1010

- 78 -



SiO2/Si
 

 
1 2 1 1 1 1 1

1 1 
1 SUMCO   

2  
 

CMOS 1
SiO2/Si

Si [1]
Si

Si
SiO2/Si

[2] SiO2/Si
Pb

Si
H+ Si Pb

Pb

 
p Si(001) 600ºC 1 nm

SiO2 H+ SiO2/Si 1×1016 atoms/cm2

100 kV 300ºC 30
H+ H+ 300ºC

Pb

350 
eV 90°  

H+ H+ 300ºC SiO2/Si
Pb SiO2/Si H+ Pb

Pb not shown
1 H+ H+ 300ºC SiO2/Si Si 2p

H+ Pb

Si Si Pb

Si
Pb Si 2p Si

SiO2/Si

[3]  
[1] K. Kurita et al., Sensors 19, 2073 (2019). [2] 67

12a-A202-6 (2020). [3] A. Suzuki et al., J. Electrochem. Soc. 
167, 
127505 
(2020).  
 
 
 
 
 
 
 
 

100 99
Binding energy (eV)

101

H+

98

H+

100 99
Binding energy (eV)

101 98

300ºC
H+

100 99
Binding energy (eV)

101 98

Compressive
strain

Tensile 
strain

Bulk Si

Compressive
strain

Tensile 
strain

Bulk Si

Compressive
strain

Tensile 
strain

Bulk Si

1  H+ H+ 300ºC SiO2/Si
Si 2p  

- 79 -



 

SiO2/Si  
1 2 1 1 1 1 1 1 1 

1 SUMCO   
2  

 
CMOS CIS  

 

 

 
SiO2/Si Pb Si 2p Si  

SiO2/Si Si Si  

BL13 SiO2/Si  

FD  
DTI  

 

 

SiO2/Si  

Si substrate 

n-Si 

CIS  

Poly-Si FD SiO2 DTI 

p+ 

p-well 

n+ 
n+ 

p++ 

Dit H2 N2  

FGA Dit  

Si Si  

 

Si sub. 

n-Si 

CIS with Si  
Poly-Si FD SiO2 DTI 

p+ 

p-well 

n+ 
n+ 

p++ 

Molecular ion projected range 

H 

H 

H 
H 

H 

M M 
C  

Pb  

 

C3H5  

C  + 
H  

Si Dit
2) 

 
3) 

  

Si 

O 

SiO2/Si  

Pb / /  

 4) 

FGA  

Low-k Cu W  

DTI 

Si sub. 

DTI 

H2 H2 H2 

Poly-Si 

H2 

H2
1) 

n+ 

n+ 

p++ 

   

 Pb
 

SiO2/Si  

 

SiO2/Si  

 

 
Si(001) sub. 

H+
 H+

 H+
 H+

H+  

1.0 1016 atoms/cm2 
80 kV 

 

300 500ºC 
30  

~10  Pa  

Si(001) sub. 

SiO2 

 

600ºC 
1.2 nm 

Si(001) sub. 
 

Si(001) sub. 
H H H H 

p-Si(001) 
1 10 cm  

 

 
@SAGA-LS BL13  

 

ESR  

Pb  

350 eV 90  Si 2p  

P
h

ot
o

el
ec

tr
on

 in
te

n
si

ty
 (

a
. 

u.
) 

106 104 102 100 98 
Binding energy (eV) 

Si3+ 

Si2+

Si1+ 

Si4+ (SiO2) 

Bulk Si 

Si  
Si  

H+  

P
h

ot
o

el
ec

tr
on

 in
te

n
si

ty
 (

a
. 

u.
) 

106 104 102 100 98 
Binding energy (eV) 

Si3+ 

Si2+ 

Si1+ 

Si4+ (SiO2) Bulk Si 

Si  
Si  

H+  

P
h

ot
o

el
ec

tr
on

 in
te

n
si

ty
 (

a
. 

u.
) 

106 104 102 100 98 
Binding energy (eV) 

Si3+ 

Si2+ 

Si1+ 

Si4+ (SiO2) 

Bulk Si 

Si  
Si  

300ºC  

Pb  
 Si Si  

Pb  
 Si Si  

Si(001)  
sub. 

Si oxide 

H+ Pb  

Si(001)  
sub. 

Si oxide ~300ºC  

 

400~500ºC  Si(001) 
sub. 

Si oxide 

Si N(Si )+N(Si )  

Pb  

T 300ºC  

 

300 T  

 

Pb Si  

Pb  
Si  

 

Si(001)  
sub. 

Si oxide 

H+
 

H+ H+ SiO2/Si

Si  
 

 
 

 
 

6)  
 

Si1+ Si2+ Si3+  Si  Si  

H Si O 

Si  

Si 

O 

Si(001)  
sub. 

Si oxide 

Pb  
Si  

Si(001)  
sub. 

Si oxide 

& @Si Si  

 

 
1) J. L. Regolini et al., Microelectron. Reliab. 47, 739 (2007). 2) 67 12a-A202-6 (2020).  
3) T. Yamaguchi, Proc. the 145th Committee on Processing and Characterization of Crystals of JSPS, pp. 20 24 (2017). 
4) A. Suzuki et al., J. Electrochem. Soc. 167, 127505 (2020). 5) A. Stirling et al., Phys. Rev. Lett. 85, 2773 (2000). 6) A. Stesmans, Phys. Rev. B 48, 2418 (1993). 

Heat treatment  
temp., T (ºC) 

P
b
 c

en
te

r 
d

en
si

ty
 (

10
1

2
 c

m
) 

2.0

1.5

1.0

0.5

0 
Before H+  
impla. 

300 400 500 
After H+ 

impla. 

2.0 

1.5 

1.0 

0.5 

0 

S
tr

ai
ne

d 
S

i a
to

m
 a

m
ou

nt
,  

N
(S

i
)+

N
(S

i
) 

(M
L)

 

H+   

  

 5) 

- 80 -



 

  

  

 

20MV/cm

MOSFET

 

SBD X

XRT

XRT SBD

 

[001]

SF

SF

[10-1], [11-1],[21-1]

 

XRT

 

N.Akashi, N.Fujimaki, and S.Shikata,  10.1016/j.diamond.2020.108024 

- 81 -



Kwansei Gakuin Univ.*1, *2, :*1 , *2JTEKT

P-14
20-10-21

SR

Abstract 

10mm

16H03864, 19H02617

X-ray 
film Samp

le
X-ray

Monochromator

Slit 
Slit

X-ray topography
SR (SAGA-LS BL09)

X 6.7-12keV

g <404>,<113>

K.Ishiji, 
Phy.Sta.Sol., A208 (2011) 2516

B L0 9 X X R T

S B D
X R T S B D

S F

[1 0 1 ], [1 1 1 ],[2 1 1 ]

a1

b1

b2

d5     d1   d2   d3   d4

d6     d7   d8

e1

e2

e3

e4

e5

c1

c5

c4   c3  c2

GS

GS

GS
GS

Ti(10nm)/Au(100nm)

p- )

Mo(100nm) 

p+ HPHT

2 0 M V /cm

M O S F E T

MV/cm
0 5 10

GaN

Diamond

Ga2O3

Si

SiC

15 20

p- /p+ 

- - -

--

[001] 

SF

GS

[001] SFGS

SBD

SBD

SBD

SBD

SBD

SBD

g b

, N. Fujimaki, and S. Shikata,
Available online, Diam. Relat. Mat., Aug.5 (2020)    doi.org/10.1016/j.diamond.2020.108024

- 82 -



 
X  

 

   

 

 
(iPP)

1
1 2
1

2
X

(WAXD) Fig. 1 1
iPP 10 C/min Ta=164 C

164 C WAXD

Bragg
Bragg 2

61
1

2

2
1 melt 2

 

 

Fig. 1 Variation of the WAXD profile 
of the iPP crystal upon heating and 
successive isothermal process.  

- 83 -



X

Introduction

1

< >

1  100 nm

sliding diffusion of
molecular chain

thickening

melting recrystallization

reordering

etc

(iPP)

1 2 , 2

iPP 1 2

1 monoclinic a = 6.65 Å  b = 20.80 Å c = 6.5 Å ,  = 98.67

2 monoclinic a = 6.65 Å  b = 20.73Å  c = 6.5 Å ,  = 98.67

(space group: C2/c)

a

Left 
Up/Down

Right
Up/Down

Left 
Up/Down

Right
Up/Down

b

a

Left 
Down

Left 
Up

Right
Up

Right
Down

b

space group: P21/c

disorderied up/down ordered up/down

iPP 1 2

1 2
1 2

2

/ %

Tc / 

1 + 2

120 140 160
0

50

100

iPP

at lower Tc

at higher Tc

1 2 
transition

1 2

Purpose
iPP 1 2 1 2

(Ta) 1 2 in-situ WAXD

Experimental

Sample

iPP Mw = 240,000 
Mw/Mn = 4.4

[mmmm]= 97.8%

t

T

120 C

230 C

in-situ WAXD
SAGA-LS BL11
X-ray: 8.0 keV
camera length: ~80 mm
exposure time: 5 s, 60 s PILATUS

Temperature-jump type hot stage

1

WAXD

t

T

Ta

~ 10ºC/min

Ta = 153~166 C

1 2

t

T

Ta

~ 10ºC/min

Results and Discussion
WAXD

5 10 15 20 25 30
2  / °

154.0°C

120.0°C

150.0°C

156.4°C

158.0°C

160.0°C

161.6°C

163.2°C

164.8°C

166.4°C

168.0°C

30 31 32 33

2  / °

80

5 10 15 20 25 30
2  / °

154.0°C

120.0°C

150.0°C

158.0°C

160.0°C

162.0°C

164.0°C

166.0°C

168.0°C

170.0°C

172.1°C

30 31 32 33

2  / °

80

30 31 32 33
2  / °

80

5 10 15 20 25 30
2  / °

154.0°C

120.0°C

150.0°C

155.0°C

156.0°C

160.0°C

162.0°C

164.0°C

168.0°C

170.0°C

173.0°C

2 161,231

25 C/min 10 C/min

1 C/min

1 /min a2
161,231

1 C/min: 1 2
10 C/min, 25 C/min: 1

c

100 110 120 130 140 150 160 170

0

10

20

30

40

50

60

70

T / °C

: 25 °C/min

: 10 °C/min

: 1 °C/min

1 /min 1 2 1 2

WAXD

t

T

Ta

~ 10ºC/min

Ta = 164 C

5 10 15 20 25 30
2  / °

50 s

0 s

25 s

75 s

100 s

125 s

150 s

175 s

200 s

225 s

250 s

Ta =164°C

5 10 15 20 25 30
2  / °

150.0°C

120.0°C

140.0°C

154.0°C

156.4°C

158.0°C

160.0°C

162.0°C

162.9°C

163.6°C

164.0°C

In
te

ns
ity

/a
.u

.

30 31 32 33

2  / °

80

30 31 32 33
2  / °

2 161,231Ta = 164 C

5 10 15 20 25 30
2  / °

900 s

300 s

600 s

1200 s

1500 s

2100 s

2700 s

3300 s

3900 s

4500 s

5100 s

Ta =164°C

30 31 32 33
2  / °

80

2 161,231

2

c 2 2

t

T

Ta

~ 10ºC/min

Ta = 164 C
Ta = 164 C

100 110 120 130 140 150 160 170

0

10

20

30

40

50

60

70

T / °C

c

2

0

0 1000 2000 3000 4000 5000

0

10

20

30

40

50

60

70

t / s

c

2

recrystallization stagemelting stage

2

1 2 1 2

Conclusions

c 2 2

Ta

100 110 120 130 140 150 160 170

0

10

20

30

40

50

60

70

T / °C

: Ta = 164°C

: Ta = 162°C

: Ta = 160°C

: Ta = 158°C

0 1000 2000 3000

0

10

20

30

40

50

t / s

0

10

20

30

40

50
: Ta = 164°C

: Ta = 162°C

: Ta = 160°C
: Ta = 158°C

heating isothermal

iPP

WAXD
iPP 1 2 1 2

iPP 1 2
Ta Ta Ta

2
Ta 160 Ta=158 C

iPP

- 84 -



X  
 

 

  

 

 

 As-Se

X

2

X X

X

X

As-Se

As ESRF Se 

J-PARC

As-Se  

- 85 -



Local- and intermediate-range local structures of As-Se  
glasses in a wide concentration region including the  

stiffness transition 
S. Hosokawa,1 J. R. Stellhorn,2 E. Magome,3 P. Boolchand,4 K. Ikeda,5 and T. Otomo5

1Kumamoto Univ., Japan, 2Hiroshima Univ., Japan, 3Saga Light Source, Japan, 4Univ. Sincinatti, USA, 5KEK, Japan 

Abstract
The stif f ness transition [1,2] is an attractive and simple idea f or describing physical 
properties of  network glasses. This idea was substantially developed by Boolchand and 
coworkers [3] as the so-called intermediate phase (IP) using thermodynamic and Raman 
scattering experiments. Bauchy et al. [4] carried out ab initio molecular dynamics 
simulation on As-Se glassy system, and f ound the specif ic structural signatures f or the 
IP in the f irst sharp dif f raction peak of  the As-Se partial structure f actor, SAsSe(Q), 
in the reciprocal space, and the f raction of  the As-As wrong bonds in the real space. 
They requested experimentalists in their paper to f ind the partial structural 
signatures f or the IP.  
We carried out an anomalous x-ray scattering (AXS) experiment on As-Se [5,6] glasses 
at BL15/ Saga-LS and BM02/ ESRF, and analyzed the results using reverse Monte Carlo 
(RMC) modeling to obtain its partial inf ormation, such as partial structure f actors, 
Sij(Q), and partial pair-distribution f unctions, gij(r), and three-dimensional (3D) atomic 
conf iguration. However, results f rom RMC modeling highly depend on the constraints in 
the RMC f it procedure, such as shortest interatomic distances and bond angles. For 
the f urther structural investigations, we carried out neutron dif f raction (ND) 
measurements using the NOVA dif f ractometer installed at the J-PARC, and real-space 
gN(r) f unctions could be included in the RMC modeling, which supports the 
determination of  the above constraints.  
In this presentation, we will exhibit a better quality of  Sij(Q), gij(r), and 3D atomic 
conf iguration, and the obtained results will be caref ully discussed in relation to the 
stif f ness transition by comparing with the above theoretical results by Bauchy et al. 
[4]. AXS experiments were carried out at BL15 of  the Saga-LS (Proposal No. 
1802007A). ND experiments were perf ormed at BL21 of  MLF/ J-PARC (Proposal No. 
2017B0047). This work was supported by JST CREST (No. JPMJCR1861).  
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Curve Fitting
Pseudo-two-phase model with paracrystalline distortion

Hashimoto, T. et al., Macromolecules , 19, 740-749.
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国内施設横断硬 X 線 XAFS ラウンドロビン実験への取組み 

 

瀬戸山寛之 1、岡島敏浩 1,2、妹尾与志木 1 
1 九州シンクロトロン光研究センター  

2 あいちシンクロトロン光センター  

 

X 線吸収端微細構造（XAFS）測定は、元素選択性をもった局所的な構造研究に用

いられる手法である。得られたスペクトルの解析から、着目原子の周辺構造（隣接原

子間距離や配位数など）や、電子状態などについて情報を得ることができる。測定対

象は、試料形態（固体・液体）や、結晶・非晶質に関わらず、XAFS 測定は幅広い分

野の試料に対して適用することができる。XAFS 測定が可能なビームライン（BL）は

国内に多数存在する一方で、施設や機器構成等が異なる BL で測定した際に「データ

の互換性」をどのように担保するか、が問題になっている。そのような背景を踏まえ、

当センターでは、国の委託事業である光ビームプラットフォーム事業の一環として、

国内の放射光施設と連携したラウンドロビン実験に参画し、測定データの標準化に関

し取り組んできた。  

本報告では、硬 X 線 XAFS ラウンドロビン実験への当センターの取り組みと、各

BL で取得した XAFS スペクトルの比較検討を行った結果について報告する。BL のエ

ネルギー分解能、S/N 比などの違いについて検討を進めることで、施設や BL の特徴

などの知見を施設間で共有することが可能になる。これらの知見はセンターの XAFS

測定技術の向上やユーザー利用の高度化に繋がると考えられる。  
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