




























Fe

Fe

XAFS

Fe

Fe

Fe
XAFS

Fe d

Mg

Fe XAFS

Ca Ba

Fe

MG 0.3(K2O Na2O) 0.4CaO 0.3MgO    0.5Al2O3 5SiO2

CA 0.3(K2O Na2O)  0.7CaO               0.5Al2O3 5SiO2

BA 0.3(K2O Na2O)  0.7BaO               0.5Al2O3 5SiO2

Fe2O3 wt%

Fe2O3

MG

CA

BA

1% 0% -0.2% -0.5% -1.0% -2.0% -3.0% -4.0% -5.0%

Ca Ba



-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

7100 7110 7120 7130 7140

Energy (eV)

N
or

m
al

iz
ed

 a
bs

or
pt

io
n

CA -0.2%

CA OF 1%

CA -2%

CA -4%

FeO

Fe2O3

FeO
(Fe2+)

Fe2O3
(Fe3+)

Fe

Fe

XAFS

Fe XANES(X ) 

Mg ,Ba

XAFS

2008.8.21 N R dE DW

CA OF 1% 2.9 0.5 1.88 0.02 7.3 2.7 0.07 0.03

CA -0.2% 2.6 0.3 1.90 0.01 7.8 1.9 0.07 0.02

CA -2% 2.5 0.4 1.90 0.01 8.3 2.3 0.07 0.02

CA -4% 2.3 0.3 1.89 0.01 8.3 2.4 0.05 0.03

EXAFS
Fe2O3

XAFS
2008.8.21 data

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

7100 7110 7120 7130 7140

Energy (eV)

No
rm

aliz
ed

 ab
so

rpt
ion

CA -0.2%

MG -0.2%

BA -0.2%

BA Fe XANES

Fe

2008.8.21 data

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

7100 7110 7120 7130 7140

Energy (eV)

No
rm

ali
ze

d a
bs

orp
tio

n

CA -2% MG -2%

BA -2%

XAFS Fe

XAFS
Fe

Fe

Fe
XAFS XAFS



Ni induced crystallographic stability of Cu6Sn5 for Pb-free solder 

K. Nogita1, S. D. McDonald1, S. Suenaga2, T. Nishimura2,
R. Ohtani3 and K. Sumitani3

The University of Queensland1, Nihon Superior Co. Ltd.2, SAGA Light Source3

Cu6Sn5 is a promising intermetallic compound in structural and functional lead-free 
solder joints. Cu6Sn5 has been reported to exist in two crystal structures with an allotropic 
transformation from monoclinic '-Cu6Sn5 at temperatures lower than 186ºC to 
hexagonal -Cu6Sn5 at higher temperatures. We recently discovered that the hexagonal 
structure of Cu6Sn5 in the presence of trace Ni additions forms (Cu,Ni)6Sn5 which is 
stable down to room temperature[1]. This report further confirms the phase stabilising 
effect of Ni on Cu6Sn5 and the mechanisms of this discovery by synchrotron base powder 
X-ray diffraction with Rietveld refinement analysis using Cu6-xNixSn5 (x=0, 0.5, 1, 1.5 
and 2) samples with three different thermal annealing conditions. 
[1] K. Nogita and T. Nishimura, Scripta Materialia 59 (2008) 191-194. 
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Fig. 1 Change in the electrical conductivity 
of UNCD/a-C:H films for the Boron content 
in the film. 
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Figure 1 : X-ray diffraction pattern of 
the deposited film, which was measured 
with 12-keV synchrotron radiation. The 
inset shows Debye-Scherrer rings taken 
with an imaging plate. 





Near-Edge X-ray Absorption Fine-Structure and X-ray Photoemission 
Spectroscopies of Nitrogen-doped Ultrananocrystalline 

Diamond/Hydrogenated Amorphous Carbon Films 

S. Al-Riyami, S. Ohmagari, T. Yoshitake, R. Ohtani1, H. Setoyama1, E. Kobayashi1,and K. Nagayama 
Kyushu University, 1SAGA-LS 

  Nitrogen-doped ultrananocrystalline diamond (UNCD)/hydrogenated amorphous carbon (a-C:H) 
composite films were deposited on Si substrates at a substrate temperature of 550 C by pulsed laser 
deposition using a graphite target. The ambient pressure was fixed to be 53.3 Pa and the nitrogenation 
of the films was controlled by the inflow ratio between the hydrogen and nitrogen gases. The 
chemical bonding structure was studied by near-edge X-ray absorption fine-structure (NEXAFS) and 
X-ray photoemission spectroscopy (XPS). The sp3/(sp3+sp2) ratio of the 9.7 at.% nitrogen-doped films 
was estimated to be 59 % from the peak decomposition of the XPS spectrum as shown in Fig. 1. The 
full-width at half-maximum of the sp3 peak was 0.9 eV. This small value is specific to UNCD/a-C:H 
films.(1) The NEXAFS spectra showed that the * peaks shift toward higher energies with the increase 
in the nitrogen content. Further details will be shown in the presentation. 

Fig. 1 Typical XPS Spectrum of nitrogen-doped films.    Fig. 2 NEXAFS spectra of nitrogen-doped UNCD/a-C:H 
films

(1) T. Yoshitake, A. Nagano, S. Ohmagari, M. Itakura, N. Kuwano, R. Ohtani, H. Setoyama, E. Kobayashi, and K. Nagayama: Jpn. J. 
Appl. Phys. 48 (2009) 020222.
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Background and Aim 
It has been known that nitrogen-doping for diamond is ineffective for realizing n-type 
conduction because nitrogen in diamond forms a deep donor level. For amorphous 
carbon, the electrical conductivity is difficult to be controlled although the n-type 
conduction is realized, by the nitrogen-doping. On the other hand, it has recently been 
reported that nitrogen-doped ultrananocrystalline diamond (UNCD)/hydrogenated 
amorphous carbon (a-C:H) composite films possess n-type conduction with high 
electrical conductivities [1]. The nitrogen-doping effects on UNCD/a-C:H , which are 
apparently different from those on diamond and amorphous carbon, are of interest from 
physical viewpoint. In this study, the chemical bonding structures of nitrogen-doped 
UNCD/a-C:H films were investigated by near-edge X-ray absorption fine-structure 
(NEXAFS) and X-ray photoemission spectroscopy (XPS). 
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The sample sp 2   % sp3   %

Nitrogen at.  % NEXAFS XPS XPS

9.7 53 41 59

6.4 51.3 38.7 61.3

4.8 51 37.7 62.3

1.5 46 35 65

0 58 32 68

sp2 values were increased with increasing nitrogen contents

Estimation of sp2 and sp3 value by NEXAFS or XPS
Summary :

1.  From the decomposition of the XPS spectrum:

The sp3/ (sp3+sp2) value of the non-doped films was estimated to be 68 %[2].
It gradually decreased with the nitrogen content in the films.
The full-width at half-maximum of the sp3 peak was 0.9 eV. The small value is 
specific to UNCD/a-C:H films [3].

2.  From the NEXAFS spectrum :
The * peak was broadened with the nitrogen content.
The *C C peak was broadened with the nitrogen content. This might be due to 
the overlapping of *C N peak whose position is extremely close to that of 

*C C peak.

[1] S. Bhattacharyya, O. Auciello, J. Birrell, J. A. Carlisle, L. A Curtiss, A. N.Goyette, D. M. 
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