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RECENT INVESTIGATIONS IN MY 55-YEAR 
ELECTRON MICROSCOPY LIFE 

Makoto Shiojiri   

Professor Emeritus of Kyoto Inst. Tech., 1-297 Wakiyama, Kyoto 618-0091, Japan. 
 

I joined in an investigation on oxides for vacuum tube cathods by electron diffraction in 

1958 when I was a 4th grade student of Kyoto University. Although I touched an electron 

microscope in an investigation on alkali antimonides1, my main interest was X-ray diffraction. 

My first electron microscopy work was the identification of carbides precipitaed in steel 

(unpublished) in 1961. After then, I was mainly enagaged in investigations such as (1) 

crystallization, structure and density of amorphous films, (2) morphology and growth of 

metallic oxide smoke particles, (3) oxidation, iodidation and chalcogenidation of metal films, 

(4) crystallographic shears in reduced oxides, (5) growth of compounds in gel, (6) HRTEM 

image simulation and multi-color reproduction by equidensitometry and (7) anodic oxidation 

of Al and its resinous coating in 1962-812, and (8) structure of cellular and topological 

random systems, (9) in-situ observations of chemical reactions, (10) solid lubricants, (11) 

ceramic devices, (12) semiconducting devices with heterostructures, (13) tetrapod-like and 

spindle-like ZnO particles, (14) quantitative HRTEM, (15) surface structures, (16) cross-

section preparation of fine particles, (17) photo-sensitive dyes on AgBr microcrystals and (18) 

electron energy loss spectroscopy (EELS) and energy dispersove X-ray spectrosopy (EDS) 

mappings in 1981-993. They were studies of the structure analysis, characterization or growth 

of various materials and devices by means of TEM, SEM, AFM, cathodoluminescence SEM, 

X-ray diffraction, neutron diffraction and Auger electron spectroscopy. After my retirement 

from Kyoto Institute of Technology in 1999, I have been interested in HAADF-STEM4. Many 

collaborated works, in particular, on GaN-based blue light emitting diodes (LED)4 and ZnO-

based ultraviolet LED5 have been achieved with a lot of colleagues in Taiwan. Here, I review 

some of our recent investigations. 
 

I. Structural analysis of Au/TiO2 thin films deposited on the glass substrate (Appl. Phys. 

Lett. 102, (2013) 091603). 

M. Kawasaki (JEOL US), M.J. Chen and J.R. Yang (National Taiwan Univ.) W.A. Chiou 

(Univ. of Maryland) and M. Shiojiri 
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Recently, Lin et al. have proposed an approach to characterize the structure of amorphous 

nanoscale ultrathin films using surface enhanced Raman scattering (SERS)6. They prepared 

ultrathin TiO2 films different in thickness by atomic layer deposition (ALD) on the clean glass 

substrates at a temperature as low as 200oC, and then deposited a nanostructured Au layer (~5 

nm thick) on the TiO2 surface to provide localized surface plasmon resonance and to enable 

SERS sensing. As a result, the intensity of the Raman spectra of these films was significantly 

enhanced and the structural identification of the amorphous nanoscale TiO2 film as thin as ~2 

nm was accomplished. We investigated a similar Au/TiO2 structure, confirming the propriety 

of the SERS analysis and disclosing the point at issue. Cross-sectional TEM observation 

revealed that the Au was grown as particles, with diameter of ~15 nm or less, by Volmer-

Weber growth mechanism, distributed two-dimensionally on the TiO2 layer. The TiO2 layer 

that was prepared by 417 ALD cycles using tetrakisdimethylamido titanium and H2O 

precursors had a thickness of 11 nm and was amorphous. The formation of the amorphous 

TiO2 at 200°C is ascribed to the glass substrate, and the growth rate as small as 0.026 

nm/cycle is ascribed to the glass and amorphous TiO2 underlayers during ALD. EDS and 

EELS mappings identified the Au particles, TiO2 layer, the glass substrate and a C coating 

layer for reinforcing the specimen (Fig. 1). It was found that the glass substrate was common 

lime glass and Ca atoms migrated to TiO2 layer (Fig. 2). The Ca atoms diffused into only an 

area less than a distance of a few nanometers from the substrate during the ALD at 200°C. 

This suggests that different TiO2 layers in thickness have different chemical composition and 

structure, in particular, on its surface. This can explain the difference of the growth behavior 

of Au particles on different TiO2 layers in thickness, difference which was reported by Lin et 

al.6 It might influence the optical properties of TiO2 layers. The selection of substrate should 

be careful because it influences not only structure but also purity of the deposited films even 

by ALD at a low temperature. 

 

II. Structural investigation of Cr(Al)N/SiOx films prepared on Si substrates by 

differential pumping co-sputtering (ACS Appl. Mater. Interfaces 5, (2013) 3833-3838) 

M. Kawasaki (JEOL US), H. Takabatake and M. Nose (Univ. Toyama), I. Onishi (JEOL), and M. 

Shiojiri 

Analytical electron microscopy revealed the structure and growth of hard coating 

Cr(Al)N/SiOx nanocomposite films prepared in a differential pumping co-sputtering (DPCS) 

system7, which has two chambers to sputter different materials and a rotating substrate holder. 
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The substrate holder was heated at 250oC and rotated at a speed as low as 1 rpm. In order to 

promote the adhesion between the substrate and composite film, buffer layers were deposited 

on a (001) Si substrate by sputtering from the CrAl target with an Ar flow and a mixture flow 

of Ar and N2 (Ar/N2) gasses, subsequently, prior to the composite film deposition (Fig. 3). 

Then, the Cr(Al)N/SiOx nanocomposite film was fabricated on the buffer layers by co-

sputtering from the CrAl target with the Ar/N2 gas flow and from the SiO2 target with the Ar 

gas flow. The film had a multilayer structure of ~1.6 nm thick crystallite layers of Cr(Al)N 

similar to NaCl-type CrN and ~ 1 nm thick amorphous silicon oxide layers (Figs. 4 and 5). It 

is found that Cr(Al)N is better component than AlN for hard coating composite films, and that 

the fast rotation of the substrate holder makes the composite films harder. Thus, the present 

structural analysis has revealed the formation process of ultrathin nanocomposite films in 

DPCS system and disclosed some points at issue such as the formation of unexpected oxide 

interfaces during the low speed sustrate rotation. This helps design and fabrication of new 

hard coating films. 

 

III. Photonic crystal structure and coloration of wing scales of butterflies exhibiting 

selective wavelength iridescence (Materials 5, (2012) 754. Review). 

F. Mika and J. Matějková-Plšková (Inst. of Scientific Instruments, Czech Rep.), S. Jiwajinda 

and P. Dechkrong (Kasetsart University, Thailand), and M. Shiojiri 

The coloration of butterflies that exhibit human visible iridescence from violet to green has 

been elucidated. Highly tilted multilayers of cuticle on the ridges, which were found in the 

scales of male S. charonda8,9 (Fig. 6b) and E. mulciber butterflies10 (Fig. 6a), produce a 

limited-view, selective wavelength iridescence (ultraviolet (UV)~green) as a result of multiple 

interference between the cuticle-air layers (Figs. 7 and 8). The iridescence from C. ataxus 

(Figs. 6c and d) originates from multilayers in the groove plates between the ridges and ribs11. 

The interference takes place between the top and bottom surfaces of each layer and 

incoherently between different layers. Consequently, the male with the layers that are ~270 

nm thick reflects light of UV~560 nm (green), and the female with the layers that are ~191 

nm thick reflects light of UV~400 nm (violet). T. aeacus (Fig. 6e) does not produce the 

iridescent sheen which T. magellanus does10. No iridescent sheen is ascribed to microrib 

layers, which are perpendicular to the scale plane, so that they cannot reflect any 

backscattering. The structures of these butterflies would provide us helpful hints to 

manipulate light in photoelectric devices, such as blue or UV LEDs. 
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IV. In Situ study of live specimens in an environmental scanning electron microscope 

(Microsco. Micranal. Published online: 02 May 2013)  

E. Tihlaříková and V.Neděla (Inst. of Scientific Instruments, Czech Rep.) and M Shiojiri 

Observation of biological alive samples was one of the biggest dreams of electron 

microscopy. The fundamental part of our environmental SEM (ESEM), AQUASEM II is a 

conventional high vacuum SEM, Tescan VEGA12. It has an original differentially-pumped 

chamber which can be evacuated very slowly and hence gently to the sample. It has also a 

specific detection system that consists of four detectors. The first part of the detection system 

is a new scintillation secondary electron (SE) detector, which works continuously in 

conditions both of SEM and ESEM (gas pressure from 0.001 Pa up to 1000 Pa). The second 

part comprises three integrated detectors; one scintillation backscattered SE (BSE) detector 

and two ionization SE detectors (Fig. 9). The BSE detector consists of a YAG:Ce3+ 

scintillation single crystal13, which has a small hole in its center used as a second pressure-

limiting aperture for the differentially-pumped chamber. A newly patented ionization SE 

detector with an electrostatic separator (ISEDS)14 uses a biased indium tin oxide electrode 

sputtered on the YAG:Ce3+ crystal of the BSE detector. This electrode works as the detection 

electrode of the second detector15. High pressure of gas in the specimen chamber causes 

unwanted primary electron beam diffusion but supports gas ionization cascade amplification 

of the signal of SEs, which are accelerated by an applied field of the detection electrode of 

ISEDS. The third detector is also an ISEDS, which is a segmented detection ring electrode 

with a positive bias from 100 to 400 V and placed at the same height as the sample holder. A 

retarding electrode above the sample and a cylindrical separation electrode between the 

specimen holder and the ring electrode generate electrostatic field deflecting SEs towards the 

detection ring electrode, where they land on its inner or outer segment according to their 

energy and the intensity of the deflection field. The weak electrostatic field does not influence 

the BSEs emitted from the specimen with higher energy. In addition the AQUASEM-II is 

equipped with a sophisticated device for measuring water vapor pressure in the specimen 

chamber and temperature on the sample, a Peltier stage for cooling of wet biological 

specimens and an originally designed vapor flow control system. A sample of stored-product 

mite was redeployed with water from dam near Brno. We have recorded the moving of the 

mite alive for ~5 min at a vapor pressure of 950 Pa at 7oC (Fig. 10). Monte Carlo simulation 

for the scattering of the incident electron (20 kV) in thin water layers was performed. Our 

results demonstrate that this microscope is well applicable to in-situ observations of natural 
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structure of biological or organic samples in wet modes, noncoated surfaces of materials such 

as semiconductors or oxides, growth or reaction processes of nanoparticles in solution, etc.  

 

I would like to acknowledge great contributions of my collaborators who were not only 

coauthors of our papers cited in this article but also coauthors of all our papers cited in the 

reviews 2-5. 
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Fig. 1. EFTEM of Au/TiO2 structure. (a) STEM HAADF image. (b) EFTEM thickness map. 

(c) Zero-loss image. (d) Conventional EFTEM image (e) EFTEM Ti-L map. (f) 

EFTEM C-K map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. EDS and EELS mapping of Au/TiO2 structure. (a) HAADF image. (b)–(e) EDS maps 

of Ca-K, Ti-L, Au-L, and Si-K, respectively. (g) Composite EDS map (Si:red, Ca:blue, 

Ti:green, and Au:yellow). (g)-(j) EELS maps of C-K, Ca-L, Ti-L, and O-K, respectively. 

(k) O-K map with energy-loss near-edge structure for Ti-O. (l) Composite EELS map 

(Ca:red, Ti:green, and C:blue). 
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                 Fig. 3                                               Fig. 4                                            Fig. 5 

 

Fig. 3. HR-TEM image of multilayers sputter-deposited from CrAl and SiO2.targets under 

different conditions. 

Fig. 4. HR STEM-HAADF image of a Cr(Al)N/SiOx.nano-composite layer. 

Fig. 5 STEM-HAADF image, EELS and EDS line profiles in the Cr(Al)N/SiOx.nano-

composite layer.  

 

 

 

 

 

 

 

 

 

                             Fig. 6                                                                    Fig. 7 

 

Fig. 6. Various butterflies (a) Male E. mulciber; (b) Male S. charonda; (c) Male C. ataxus; (d) 

Female C. ataxus; (e) Male T. aeacus.  

Fig. 7. SEM images of ridges in a blue-iridescent scale in Sasakia Charonda butterfly. (a) The 

top surfaces of the ridges. (b, c) The top and side surfaces of the cuticles on the ridges. (d) 

Schematic of the piled cuticles.  
- 7 - 

 



 

 

 

 

 

 

 

 

 

                               Fig. 8                                                                  Fig. 9   

 

Fig. 8. Schematic illustration of the selective reflection from cuticle layers piled on the ridge. 

Fig. 9. Three integrated detectors (one scintillation BSE detector and two ionization SE 

detectors) in our ESEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    Fig. 10  (Scale: 0.1 mm) 
 

Fig. 10. A still ESEM image of a living mite, whose movement in water was recorded.  

- 8 - 

 



INTRODUCTION OF NEW 120KV TEM HT7700 AND 
ITS APPLICATION TO BIOMEDICAL AND 

SOFT-MATERIAL FIELD 
 

Taro Ogawa 
 
Marketing Dept. 2, Science Systems Sales & Marketing Div, Hitachi High-Technologies 
 
1. Introduction 

The transmission electron microscope (TEM) is a powerful tool for various fields of study.  We 
have developed the HT7700 TEM having maximum accelerating voltage of 120 kV for research in 
fields ranging from biology to soft materials and nano-technology.  The HT7700 features an 
entirely new design in which the operating console and monitor are separated from the TEM main 
unit.  In the HT7700, a screen camera for fluorescent screen observation is integrated so that all 
TEM operations are available in a normally lighted room. 
 
2. Outline and Features of the HT7700 

Figure 1 shows an outer view of the HT7700 with options.  The instrument enables us to set an 
accelerating voltage from 40 kV to 120 kV and to vary magnification from 50x to 1000x (in Low 
Mag Mode) and from 200x to 600,000x (in Zoom mode). 

The main features of the instrument are explained below. 
(1) Adoption of a screen camera allows centralized monitoring TEM images, and 

observation/operation in the bright room.  The TEM image of a sample projected on the 
fluorescent screen is captured by the screen camera and then displayed on the monitor.  This 
permits the operator to conduct field search with the trackball located. 

 
(2) We newly prepared new 8M-pix integrated CCD camera system for HT7700.  As a result, 

obtaining fine pixel, large field-of-view images can be possible by this new camera (Fig. 2). 
 

(3) As an option, we prepared scanning transmission electron microscope (STEM) system.  This 
supports high-resolution STEM observations and high-definition image recording (up to 
5.120×3.840 pixels). The unit can be used for observation of sectioned samples with a thickness 
of 1 μm, and combined with energy-dispersive X-ray spectrometry (EDX) to produce element 
maps. 

 
(4) As an option, we prepared high-resolution objective lens (EXALENS) with low spherical 

aberration.  This achieves a lattice resolution of 0.144 nm for an acceleration voltage of 120 
kV and provides high-contrast, high-resolution observations with low damage at a low 
acceleration voltage. 

 
In the presentation, application data by above functions for biomedical and soft-material field 

will also be shown.  
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Fig. 1 The HT7700 TEM (with options) 
 

 
   
Fig. 2 TEM image by 8M-pix camera (high contrast image is obtained without staining specimen by 
using high-contrast(HC) mode) 
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專題演講摘要 
Oral-01 

PROBLEMS OF TEM/EDS QUANTITATIVE ANALYSIS 
 

BOW, Jong-Shing(鮑忠興) 
 

Center for Micro/Nano Science and Technology, National Cheng Kung University, Tainan, 
Taiwan 
 
   An EDS, equipped in a TEM/STEM, is an analysis tool of easy operation and offers high 
spatial resolution chemical information down to several nano-meters scale.  However, for 
most of cases, the convenience of composition analysis is limited in qualitative analysis only.  
Once quantitative analysis is required, rare people can guarantee the accuracy of the results. 
The reason comes from several factors which will be discussed in this presentation. The first 
one comes to the low energy resolution, around 134 eV, of EDS. This shortage causes many 
overlaps to occur in cases. When energy peaks of elements involved overlap, it is hard to tell 
the composition within 10% accuracy unless a very powerful EDS processing software is 
used or a suitable database is established. Figure 1 illustrates an extremely typical case, EDS 
analysis of CrOx, where O Kα peak (@ 525 eV) and Cr Lα (@ 573 eV) peak overlap 
completely. The second factor is spurious electrons and X-rays, which come from C2 aperture 
and/or pole piece. This will induce unexpected elements in the spectrum and increase the 
error percentage in composition calculation. 

Then comes to the atomic scattering of the sample itself. The situation becomes more 
serious whenever elements of high z are concerned. Figure 2 illustrates an EDS analysis of a 
thin film material. The probe size and collection time are same for all layers. It is very 
obvious that both background and Cu signals in the EDS spectrum of the Pt layer are much 
higher than those of the Al layer. More data of this thin film material will be discussed in the 
presentation. Hundreds of similar EDS analyses all pointed to the same direction: TEM/EDS 
quantitative analysis of thin film materials, especially for those of less than 10 nm and heavy 
elements involved, is a very hard work due to the effect of atomic scattering. 

 
References 
1. David B. Williams and C. Barry Carter, Transmission Electron Microscopy, Microscopy, 

vol.IV, Spectrometry, Plenum Press, New York (1996) 599-620。 
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Figure 1 EDS spectra of Cr (solid line) and CrOx( dash line). The concentration of oxygen 

in the sample CrOx is hard to calculated due to the overlap of O Kα peak and Cr 
Lα peak. 

 
 

 
Figure 2 Effect of atomic scatterin in EDS analysis of thin film materials. (a)BF image; 

(b)EDS spectrum from Pt layer; (c)EDS spectrum from Al layer. The EDS 
spectrum of Pt layer has higher both background and Cu signals. The former comes 
to Bremsstrahlung effect and the later is generated from the Cu grid used to hold 
the TEM sample. 
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專題演講摘要 
Oral-03 

PLASMONS DISPERSION AND NONVERTICAL INTERBAND TRANSITIONS IN 
SINGLE-CRYSTAL BI2SE3 INVESTIGATED BY ELECTRON ENERGY-LOSS 

SPECTROSCOPY 
 

S. C. Liou (劉思謙), M. -W. Chu (朱明文), R. Sankar, F. -T. Huang (黃妃婷) 
 G. J. Shu (殳國俊), F. C. Chou (周方正) and C. H. Chen (陳正弦) 

 

 Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan 
 
 

   Plasmons dispersion and nonvertical interband transitions in Bi2Se3 single crystals 
were investigated by electron energy-loss spectroscopy in conjunction with (scanning) 
transmission electron microscopy, (S)TEM-EELS. Both volume plasmons (π plasmon at 7 eV 
and π+σ plasmon at 17 eV) and surface plasmons (~5.5 and 10 eV) were demonstrated in 
STEM-EELS spectra and the corresponding spectral imaging in real space [1]. In the further 
EELS experiments in reciprocal space, the momentum-dependent spectra reveal very 
different dispersion behavior between π and π+σ plasmons, with π+σ plasmons showing a 
typical quadratic dependence whereas the π plasmon exhibiting a linear dispersion analogous 
to what was reported for graphene. Furthermore, a low energy excitation 0.7~1.6 eV was also 
observed which is attributed to direct nonvertical interband transitions along the ΓF direction 
[2]. 
 
 
References 
1. S. C. Liou et al., Phys. Rev. B 87, 085126 (2013). 
2.  S. K. Mishra et al., J. Phys.:Condens. Matter 9 (1997) 461. 
3.  This research was supported by National Science Council of Taiwan  

(NSC99-2112-M-002-027-MY3 and NSC101-2811-M-002-130). 
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FIG. 1.  (a) STEM–EELS spectra acquired on single-crystal Bi2Se3 with the electron probe 
positioned at the material interior and sample edge (inset HAADF image). (b) The energy of 
π and π+σ plasmons as a function as momentum transfer (q), respectively. (c) The dispersion 
curve of the nonvertical intenband transition peaks as a function of momentum-transfer with 
sample tilting (marked with black square, respectively). The dashed line is the linear curve 
fitting. The dispersion of the lowest conduction band along ΓF direction in ref. 2 with energy 
normalized to the experimental value of energy gap (Eg= 0.32 eV) at q= 0 is also plotted for 
comparison. 
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專題演講摘要 
Oral-04 

ATOMIC-SCALE PROBING OF INTERDIFFUSION AND A 
LOCALIZED TWO-DIMENSIONAL ELECTRON DENSITY AT AN 

INSULATING OXIDE INTERFACE 
 

CHANG, Ching-Pin(張景斌),12 LIN, Jauyn Grace(林昭吟),2 CHENG, Su-Ling(鄭淑齡),12 
YANG, Jer-Ren(楊哲人),1 CHU, Ming-Wen(朱明文),2 and CHEN, Cheng-Hsuan(陳正弦)2 

 
1 Department of Materials Science and Engineering, National Taiwan University, Taipei, 
Taiwan 
2 Center for Condensed Matter Sciences, National Taiwan University, Taipei 106, Taiwan 
 

Upon joining the non-polar TiO2 plane of SrTiO3 with the polar atomic plane of an 
insulating oxide, the heterojunction interface could become metallic. The context of this 
exotic physics has been known as electronic reconstruction and largely described by the 
charge transfer from the polar to non-polar planes, forming interfacial two-dimensional 
electron gas. We explored this wisdom through mixed-valence (Nd0.35Sr0.65)MnO3 on 
TiO2-terminated SrTiO3, manifesting a primitively polar-discontinuous 
(Nd0.35Sr0.65O)0.35+-(TiO2)0 interface, while being electrically insulating. Using 
atomic-plane-by-atomic-plane chemical quantifications and spectroscopy in an 
aberration-corrected electron microscope, unexpectedly charge transfer across the insulating 
interface does exist, whereas inversely into (Nd0.35Sr0.65)MnO3. The intricate electronic 
correlations and interfacial strain envisaged by (Nd0.35Sr0.65)MnO3 drive the charges 
otherwise localized, leading to a counter-intuitive inverse charge transfer with an insulating 
character, in distinct contrast to the electronic-reconstruction framework. Correlations physics 
underlining this unexpected inverse electronic reconstruction were atomically tackled with 
new interface-property perspectives.  
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第三十三屆顯微鏡學會年會研討會 生物醫農組 
  
B-P-01 THE ANATOMICAL STUDY ON GROWTH DYNAMIC OF CAMBIAL 

ZONE OF TAIWAN SPRUCE (PICEA MORRISONICOLA HAYATA) BY 
PINNING AND INTACT TISSUE SAMPLING METHODS  
1Yu-Ming Chang (張育銘) , 1Biing T. Guan (關秉宗) 
2Ling-Long Kuo-Huang (黃玲瓏)  
1 School of Forestry and Resource Conservation, National Taiwan University 
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    Growth dynamic of cambial zone was studied at tissue level in Taiwan spruce (Picea. 
morrisonicola) located at the Tataka long-term monitoring site in central Taiwan in 2011 and 
2012. Xylem radial growth was determined by pinning method (wounding the cambium with 
an insect needle and then tracing the location of wound cambium during the growth season) 
(Figs. 1, 2), and intact tissue method (extracting a small tissue block monthly) (Fig. 3).  
    The pinning method induced necrosis of vascular cambial cells and then formed the callus 
tissue and the traumatic resin ducts (Fig. 2). The callus was a reliable marker for defining the 
secondary xylem increment since the time of inserting, but the traumatic resin duct was not. 
The series of cross sections obtained near the center of pinning site were used to identify and 
count the layers of xylem cells before and after inserting (Fig. 2). The intact tissue method 
enabled us relatively easy and unambiguous to define the onset and cessation of xylogenesis 
(Fig. 3). The results showed that both methods can help us to trace the cambium growth 
dynamic. However, the intact tissue method was superior for precise study of the cambial 
activity and the various developmental stages of the secondary xylem tissues. 
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Figure 1. Cross sections showing the monthly dynamic of callus formation from the sample 
in 2012 by pinning method.  Scale bar: b, 1 mm ; c, 100 μm. 

 

     
Figure 2. Cross sections by pinning method. a, showing the location of inserting before the 
growth season. b, showing the location of inserting in the growth season. c, showing the 
inserting in cessation stage. RC: resin duct. Arrow: center of pinning. Scale bar: 200 μm. 

 

 
Figure 3. Intra-annual wood formation dynamic monthly in 2011by the intact tissue method. 
Yellow arrow indicating the cell plate during cell dividing. RC: Resin duct. Scale bar: a-d, 
100 μm; e-k, 200 μm. 
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   Receptor tyrosine kinases (RTKs) regulate many fundamental cellular processes, 
including apoptosis, chemotaxis, differentiation, migration, proliferation and survival. 
Sprouty2 (Spry2) is known as an important regulator of RTK signaling pathways. Therefore, 
the property of Spry2 is worth to be investigated more. In this study, we find that Spry2 is able 
to self-assemble into oligomers with a high affinity KD value of approximate 16 nM, using 
BIAcore surface plasmon resonance analysis. The three dimensional (3D) structure of Spry2 
looks like a donuts shaped with two lip-covers, solved by electron microscopy (EM) single 
particle reconstruction approach. Furthermore, using energy dispersive spectrum of EM and 
total reflection X-ray fluorescence (TXRF) methods to analyze the elements carried by Spry2, 
it is demonstrated that Spry2 is a silicon and iron containing protein. The silicon may contribute 
for the electroconductivity of Spry2. And the electroconductivity of Spry2 exhibits 
concentration-dependent feature. This first report of silicon and iron containing protein and its 
3D structure may provide a hint to allow us to (1) study the potential mechanism of switching 
electronic transfer on or off for controlling the signal transduction and (2) develop a new type 
of conductor or even semiconductor using biological or half-biological hybrid materials in the 
future.  
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Figure 1. Different views of representative 3D reconstruction model of Spry2. The estimated 
resolution of the reconstitution density map is 25 Å according to the Fourier shell correlation 
= 0.5 criterion. The overall dimensions of donut-like part has an apparent thickness of 
approximately 4.2 nm, an internal diameter approximately 5.0 nm and external diameters 
approximately 13.4 and 10.0 nm, measured from two vertices or close points of the lobs, 
respectively.  
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Bizonoplasts are unique giant chloroplasts with dimorphic ultrastructure located in 
dorsal epidermal cells of leaves of two species of Selaginella adapted to deep-shade. This 
chloroplast is characterized by two zones: the upper zone is occupied by parallel layers of 
2–4 stacked thylakoid membranes while the lower zone contains both unstacked stromal 
thylakoids and grana structure like the common chloroplasts of land plants. In this study, S. 
erythropus was sampled for chloroplast immunogold labeling. Quantitative immunogold 
labeling of four types of photosynthetic key proteins, psaA for photosystem I (PSI), psbA for 
photosystem II (PSII), RbcL for rubisco and AtpA for ATPase, was performed to understand 
photosynthetic functional differences between the upper and lower zones of a bizonoplast. 
The results show that these four photosynthetic key proteins occur at both upper and lower 
zones in a bizonoplast. Interestingly, the upper zone is significantly enriched in PSI relative to 
the lower zone, while the lower zone is significantly enriched in PSII and rubisco relative to 
the upper zone. There is no significant difference in ATPase between two zones. Based on 
these results, the unique bizonoplasts with dimorphic ultrastructure show differential 
physiological functioning in a single plastid: the concave and wide open upper zone in a 
cup-shaped bizonoplast equipped with layers of parallel and horizontally extended 2–4 
stacked thylakoid membranes may facilitate effect area of capturing photons and helps to 
absorb the far-infrared light (rich in PSI, P700), while the lower zone filled with numerous 
grana with higher ratio of PSII (P680) and rubisco helps to absorb the infrared light and 
synthesize more starch grains. 
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Figure 1. Paired immunogold labeling of four photosynthetic proteins of upper and lower 
zones of bizonoplasts of Selaginella erythropus. A. psaA.  B. psbA. C. rbcL. D. AtpA. E. 
control. All scale bars = 200 nm. 
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   Leptocybe invasa is an emerging pest to eucalypts plantation. After females oviposit 
eggs on young leaves, the gall tissue will provide nutrient and protection for larvae. There is a 
little known about the reason why L. invasa have the preference of oviposition, this research 
will focus on gall development and on three Eucalyptus trees. We recorded the oviposition 
sites on each young bud after female chalcids were released ten days ago, and analyzed the 
oviposition preference of L. invasa. Gall development on infected leaves was observed by 
microscope, compared the microstructure difference of the galls. The results indicates that: (1) 
highest infection rate on E. camaldulensis x E. grandis hybrid and E. erophylla were 50 % 
and 63% respectly while no any E. camaldulensis was infected; (2) petioles are preferred by 
L. invasa for oviposition; (3) thick cuticle layer and tannin cells might be possible reasons for 
higher gall abortion rate on E. urophylla compared with the hybrid. Epidermis structure is the 
first defense line against herbivores. Besides, previous studies point out metabolites like 
tannin can affect development of galling insects. This research describes physical and 
chemical qualities of infection difference of eucalypts, providing us useful information about 
blue gum chalcid’s oviposition choice. 
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Figure 1. The transverse sections of petioles of Eucalyptus trees. (A) Young petiole of E. 
camaldulensis x E. grandis hybrid. (B) Young infected petiole of E. camaldulensis x E. 
grandis hybrid. (C) Young petiole of E. erophylla. (D) Mature petiole of E. erophylla. (E) 
Young petiole of E. camaldulensis. Abbreviation: C, chamber; CCL, collenchyma cell layer; 
L, larva; NCL, nutrient cell layer; S, sclerenchyma cell layer; SC, secretory cavity; SCL, 
secretory cell layer; VR, vascular ring. Scale bar = 500 μm. 
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Several gall midge species (Diptera: Cecidomyiidae) have been found on Machilus 
zuihoensis Hayata (Lauraceae). This study is aimed to compare the morphology and 
histogeny during development of five cecidomyiid leaf galls on M. zuihoensis, including 
urn-shaped gall, small urn-shaped gall, obovate gall, hairy oblong gall, and blister gall. 
Morphological development of galls was observed in the field, and divided into several 
development stages by morphological characteristics. Gall samples in each development 
stages was collected, and examined under light microscope to investigate histologic changes 
between stages, and differences among five gall types. The results show that urn-shaped gall, 
small urn-shaped gall and hairy oblong gall perform similar development time period, which 
initiate in February and March, and adult gall midge leave galls in the next year. Obovate gall 
initiates in February and March, and galls drop form leave to ground in December and next 
January. Blister gall was found both in March to April and June to September. Urn-shaped 
gall is different with small urn-shaped gall mainly in the distribution of vascular bundles, cell 
elongation in the outer top region of gall, and the thickness of cortex. Hair-like structure can 
only be found on hairy oblong gall, and it initiates before gall tissue break through leave 
surface. In addition, gall tissue of hairy oblong gall growth parallel with leave after break 
through leave surface, with secondary metabolites accumulate in cortex far from leave 
surface. Obovate gall accumulate abundant of starch grains in cortex during horizontal 
growth of gall, and the gall drop to the ground with larva after gall mature. The gall midges 
inducing blister gall are considered as a more primitive species then others due to no 
significant tissue differentiation during all development stage of blister galls, and it’s the one 
which larva leaves gall and pupates outside. Compare with the four phases in gall 
development that has been published, the main anatomical differences between five types of 
leaf galls during gall development occur in the growth and differentiation phase which form 
distinguish morphology of each gall type. 
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Figure. 1 Sections of developing galls. The insets show the appearance of leaf galls. (A) 

Hairy oblong gall in stage III. Arrow points the newborn hair-like tissue, which is 
only found on hairy oblong gall. (B) Hairy oblong gall in stage IV. (C) Urn-shaped 
gall in stage VI. Arrow points the prolonged cell in the outer top region of gall. (D) 
Small urn-shaped gall in stage IV. Abbreviations: Co, cortex; LC, larva chamber; 
Lv, larva; Sc, sclereid layer. 
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   Plasmons dispersion and nonvertical interband transitions in Bi2Se3 single crystals 
were investigated by electron energy-loss spectroscopy in conjunction with (scanning) 
transmission electron microscopy, (S)TEM-EELS. Both volume plasmons (π plasmon at 7 eV 
and π+σ plasmon at 17 eV) and surface plasmons (~5.5 and 10 eV) were demonstrated in 
STEM-EELS spectra and the corresponding spectral imaging in real space [1]. In the further 
EELS experiments in reciprocal space, the momentum-dependent spectra reveal very 
different dispersion behavior between π and π+σ plasmons, with π+σ plasmons showing a 
typical quadratic dependence whereas the π plasmon exhibiting a linear dispersion analogous 
to what was reported for graphene. Furthermore, a low energy excitation 0.7~1.6 eV was also 
observed which is attributed to direct nonvertical interband transitions along the ΓF direction 
[2]. 
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FIG. 1.  (a) STEM–EELS spectra acquired on single-crystal Bi2Se3 with the electron probe 
positioned at the material interior and sample edge (inset HAADF image). (b) The energy of 
π and π+σ plasmons as a function as momentum transfer (q), respectively. (c) The dispersion 
curve of the nonvertical intenband transition peaks as a function of momentum-transfer with 
sample tilting (marked with black square, respectively). The dashed line is the linear curve 
fitting. The dispersion of the lowest conduction band along ΓF direction in ref. 2 with energy 
normalized to the experimental value of energy gap (Eg= 0.32 eV) at q= 0 is also plotted for 
comparison. 
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Gallium nitride (GaN) has been widely used in many practical applications such as 
light-emitting diodes and high-electron-mobility transistors since Nakamura et al. 
demonstrated successful growth of GaN on sapphire (Al2O3) by metal-organic chemical 
vapor deposition (MOCVD).[1] Though the interfacial structure of GaN/Al2O3 has been 
intensively studied in the past by high-resolution TEM, there is still no clear direct evidence 
on the atomic structure about bonding characteristics across the interface. In this study, we 
used scanning transmission electron microscopy (STEM) to investigate the atomic structure 
of the interface between a low-temperature grown GaN layer and c-plane Al2O3 substrate. 

STEM observations were carried out in JEOL ARM 200F microscopes (resolution ≤ 0.8Å) 
equipped with a Gatan GIF Quantum®ER system and an Oxford Max80 SDD EDX detector. 
TEM specimens along [10 1 0]Al2O3 were prepared carefully to avoid the excess formation of  
ion damage layers by mechanical grinding and ion milling. 

Figure 1(a) shows an HRTEM image of the GaN/Al2O3 interface. No interlayers between 
GaN and Al2O3 were found, and there are twins and stacking faults in the GaN region. 
Figures 1 (b) and (c) show the high-angle annular dark field (HAADF) and annular bright 
field (ABF) images acquired from the same region. The brightest contrast in the HAADF 
image is associated with Ga atoms, whereas the relatively weak one with Al. In the ABF 
image, the contrast shows that Ga and N can be clearly seen as dark spots in the GaN layer, 
and Al and O in Al2O3.[2,3] As a result, it can be determined that N atoms are bonded with Al 
at the interface. Further supporting evidence was obtained from EELS and EDX 
measurements.  
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Fig. 1 (a) A HRTEM image of the GaN/Al2O3 interface along [10 1 0]Al2O3. 
The atomic structure in same interfacial region showed in HAADF (b) 
and ABF (c) images. 
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   We have synthesized zinc sulfide (ZnS) nanowires by thermal chemical vapor deposition 
with three kind of microstructure which were round-like,belt-like and arrow-like.First, the 
length and size of the as-deposited ZnS nanowires are invesgated by SEM. Then, they have 
been analyzed by transmission electron microscopy in detail. By high resolution electron 
microscopy (HREM) imaging and selected area electron diffraction results, we characterize 
their crystal structure, growth direction and defects. 
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Fig. 1. (a) Low magnification SEM image of ZnS nanowire (b) SEM image of round ZnS 
 nanowire, (c) belt-like ZnS nanowire and, (d) arrow-like ZnS nanowire. 
 

 
Fig. 2. (a) TEM image of an individual arrow-like ZnS nanowire, (b) the corresponding 

SAED and, (c) the HRTEM image; (d) TEM image of individual arrow-like ZnS 
nanowire afer tilting, (e) the corresponding SAED and, (f) the HRTEM image. 
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   In this work, specimens of amorphous Fe-Si-B ribbons were annealed at various 
temperatures ranging from 300°C to 500°C. The detailed microstructures of the annealed 
ribbons were investigated by electron microscopy (including SEM and TEM). The properties 
of these ribbons annealed at the corresponding temperatures were analyzed, such as 
brittleness, hysteresis curve and crystallization behavior. The XRD results showed that the 
crystallization temperature Tx is located at about 400oC. The first nucleation in amorphous 
matrix is the dendrite crystal which is α-Fe (Si). At higher annealing temperature, the boride 
phase such as Fe3B then precipitates in the matrix. The bend test results indicated that a 
ductile-brittle transition occurred at about 300~350oC, It is proposed that the annealing 
induced embrittlement in ribbons can be divided into low- and high-temperature 
embrittlement. The former is attributed to the formation of short-range orderings, and the 
latter is related to crystallization. According to the HRTEM observation, some short range 
ordering may exist in the amorphous matrix before Tx, which causes the changes in 
brittleness and magnetic properties.  
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Figure 1 TEM observations of the Fe80Si8.5B11C0.5 alloy annealing at different temperature 

for 1 hr: (a) As-received, (b)300oC, (c)350oC, (d)400oC, (e)450oC, (f)500oC. 
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   Convergent-beam Electron diffraction (CBED) has recently attracted much attentions on 
the strain analysis of electronic devices due to its high-sensitivity and accuracy on the 
determination of lattice parameters.[1][2] In this study, Si0.9Ge0.1 epitaxial layer (10 at% Ge) 
has successfully deposited on the Si (001)-orientated substrate by ultra-high 
vacuum/chemical vapor deposition (UHV/CVD) system. FEI Tecnai F30 operated at 300 kV 
attached with energy filtered and STEM mode was used in this work. A series of energy 
filtered CBED patterns across the Si0.9Ge0.1/Si interface was acquired. From the HR-TEM 
image and EDS line profile, the high quality and uniform Si0.9Ge0.1 epitaxial layer with 4 μm 
was successfully deposited on the (001)-orientated p-Si substrate by UHV/CVD system. [430] 
zone axis and 1o tilting toward [001] direction from [430] zone axis (off [430] zone axis) 
were chosen as experimental zone axes. The simulated and experimental CBED patterns were 
shown in Fig. 1. When taking at close the Si0.9Ge0.1/Si interface, for 400 nm thick TEM 
specimen, split HOLZ lines started at 250 nm from the Si0.9Ge0.1/Si interface of Si side and 
Ge side, and clearer CBED patterns could be observed by off [430] zone axis, which reveals 
that the blurred pattern caused by the multi-fringes of (004) Kikuchi line pairs was efficiently 
avoided by off [430] zone axis. From the simulated CBED patterns with split HOLZ lines by 
initial beam tilting and lattice constant changes, the widely splitting of (008) Kikuchi line 
pairs could be produced by initial beam tilting, not found by lattice constant changes, which 
indicates that bending of lattice planes along the direction of TEM specimen thickness is the 
most possible reason in this study. 
 
References 
1. A. Benedetti, H. Bender, C. Torregian, M. Van Dal and K. Maex, Mater. Sci. Eng., B 61 

(2004) 114. 
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Fig. 1. (a, b) Simulated and experimental CBED patterns at the exact [430] zone axis, 
respectively. (c, d) Simulated and experimental CBED patterns at the off [430] zone axis, 
respectively. 
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THE STUDY OF INTERPHASE PRECIPITATION MECHANISM AND RELATED 
MECHANICAL PROPERTIES IN NANOMETER-SIZED CARBIDES 

STRENGTHENED DUAL-PHASE STEEL 
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2Iron and Steel R&D Department, China Steel Corporation, Kaohsiung, Taiwan 
 
   The dual-phase steel is considered to be a potential new generation steel for automobiles 
owing to the high formability and low production cost. However, dual-phase steel suffers from 
the mismatch of strain in the interphase boundary, resulting in the poor hole-expansion ratio 
[1]. Therefore, this research attempts to develop new automobile dual phase steel strips with 
ultrahigh strengths and excellent formability by creating a microstructure of martensite and 
strong ferrite by means of nanometer-sized precipitation hardening. The dilatometer 
experiment was conducted with different austenization temperature and isothermal holding 
temperature. The results show that raising the austenization temperature can increase ferrite 
Vicker hardness (Figure 1) with parallel and coherent interphase precipitation structure (Figure 
2). This outcome can be attributed to the rise of prior austenite grain size reducing the ferrite 
transformation rate, further increasing the precipitation density. 
    Abstract is due on June 12, 2013. 
 
References 
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Figure 1. Comparison of average ferrite HV hardness of heat-treated specimen austenized at 
950oC or 1050oC and isothermal held at 650oC for 8 seconds 

  
Figure 2. (a) Interphase precipitation structure of heat treated Al steel austenized at 1050oC and 

isothermal held at 700oC. The sheet plane of this precipitation can be indexed near 
{211}. (b) High resolution TEM image and its fast Fourier transform image showing 
the Baker-Nutting orientation relationship between ferrite and interphase 
precipitation. 
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THE MICRO-MORPHOLOGY AND NANO-MORPHOLOGY OF 
LENTICULAR MARTENSITE IN THE AISI 440C STAINLESS STEEL 
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1Department of Materials Science and Engineering, National Taiwan University, Taipei, 
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   The microstructure of an high-chromium, high-carbon AISI 440C stainless steel after 
subzero treatment has been studied in this research. The austenite matrix was first 
transformed to plate martensite and turned into lenticular martensite. From the TEM 
observation results, it is indicated that the growth of lenticular martensite is achieved by the 
extension of twins, which released latent heat and activated the screw dislocations to slip in 
untwinned regions. The midrib keeps the lattice-invariant deformation mode of twinning, 
whereas the extended twinned region and untwinned region combine both twinning and slip 
modes. Furthermore, the mechanism and the microstructure of tempered martensite 
decomposition and carbide precipitation have been studied in the steel. The morphology and 
the chemical composition of carbide precipitates at different positions (e.g. midrib, extended 
twinned regions, and untwinned regions) in lenticular martensite and the crystallography of 
their formation have been examined by means of TEM after tempering at 600oC for various 
times. 
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Fig. 2 The OM and SEM showing the microstructures (a) homogenized；(b) and (c) subzero 
cooled at -196℃ for 15min；tempered at 600oC for (d) 0.5 hr；(e) 1hr；(f) 2hr. 
 

 

 
Fig. 3 The TEM showing the microstructures (a) thin plate and (b) lenticular martensite. 
 

 
Fig. 4 Shows the some area of untwined region observed by different two beam condition (a) 
g = 1 1 0 and (b) g= 1 01 

(a) 

(b) 
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THE EFFECT OF MO ON NB CARBIDES IN NB CONTAINING LOW CARBON 
BAINITIC STRIPS WITH OBSERVATION OF HR TEM IMAGES 
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1Department of Materials Science and Engineering, National Taiwan University, Taipei, 
Taiwan 

The main purpose of this work was to elucidate the effect of Mo addition on the 
development of microstructure and precipitation of Nb carbides in the hot rolled low-carbon 
Nb-containing bainitic steels. Three experimental steels have been investigated; they have the 
same base composition 0.05C-1.7Mn-0.08Nb (wt%); one is without Mo addition, the other 
with 0.1 wt% Mo, and final with 0.3wt% Mo as shown in Table 1. The strips were 
manufactured by hot rolling process and air-cooled down room temperature. 
   In previous investigation of nanometer-sized carbides of Nb-Mo low carbon bainitic 
strips during tempering process, the MC type carbides such as Nb carbides precipitated at 
bainite requires similar morphology as Nb carbides precipitated at prior austenite during hot 
milling stage. The aim of study is to distinguish two types of carbides and further to 
determine the effect of Mo on morphology of nanometer-sized Nb carbides at bainite in 
according to different orientation relationship (O.R.) with corresponding matrix. In High 
Resolution TEM (HR TEM) images, it is found that the carbides have Baker-Nutting O.R. 
with bainitic matrix different from cubic-cubic O.R as shown in Figure 1. strain induced Nb 
carbides requires. With corresponding EDX spectrum, it is known that more addition of Mo 
can incorporate into Nb carbides to form (Nb,Mo) carbides and maintain the crystallography. 
After statistic of carbides size, the (Nb,Mo) carbides behave slight coarsening phenomena 
with raising concentration of Mo in bainitic matrix. It is suggested that the addition of Mo 
needs to be limited between 0.1 and 0.3wt% in development of precipitation strengthening in 
Nb-containing bainitic strips. 
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Table 1 The composition of as received hot rolled strips 

Strip No. C Si Mn N Al Cr Ti Nb Mo 

Nb 0.05 0.2 1.7 0.004 0.03 0.18 0.016 0.08 - 
Nb-Mo 0.05 0.2 1.7 0.004 0.03 0.18 0.016 0.08 0.1 
Nb-3Mo 0.05 0.2 1.7 0.004 0.03 0.18 0.016 0.08 0.3 

 

 
Figure 1 High Resolution TEM images and corresponding FFT images showing morphology 
and Bake-Nutting orientation relationship in (a),(b) Nb-strip, (c),(d) Nb-Mo strip, and (e),(f) 
Nb-3Mo strip. 
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The microstructure of gold-based interlayer with composition (in wt%) of 
97.5Au-0.75Ni-1.75V following oxidation at 850ºC/200 min was characterized by TEM/EDS 
and SEM. A loose vanadium oxide (V2O5) and nickel vanadate (Ni2V2O7) formed and 
distributed within the oxidized 97.5Au-0.75Ni-1.75V interlayer. No evidence of NiO was 
found because there was not enough Ni present to form nickel oxide. The oxide products in 
the 97.5Au-0.75Ni-1.75V interlayer after oxidation are consistent with the Pilling-Bedworth 
(PB) ratio considerations. Metallic sealants have been shown to provide rigid sealing and 
higher stress accommodation in Solid Oxide Fuel Cells (SOFCs) applications. Before joining, 
the oxidation behavior of a gold-based interlayer used at high temperatures in air must be 
thoroughly characterized in present study. 

Figure 1(a–c) show a BFI, EDS, and SADP of the 97.5Au-0.75Ni-1.75V interlayer 
before oxidation, displaying a rod-like Au-rich phase with large stress fields and high 
dislocation density was observed. Figure 2 shows the backscattered electron images of the 
97.5Au-0.75Ni-1.75V interlayer after oxidation. No obvious oxide scale exists at the surface 
of the 97.5Au-0.75Ni-1.75V interlayer after oxidation, but several irregularly shaped particles 
are distributed over the interlayer. Figure 3 (a) shows a BFI of the Au-rich phase and loose 
vanadium oxide (V2O5) accompanied with cracks in the 97.5Au-0.75Ni-1.75V interlayer 
following oxidation. The composition of V2O5 is 41.5 at. % V, 57.0 at.% O, and 1.5 at.% Au. 
Figures 3(c) to (e) display the SADPs of V2O5 along with the zone axes of [ 1 1 1 ], [100], and 
[130], respectively. The lattice parameters of orthorhombic V2O5 were calculated to be a = 
11.80 Å, b = 4.12 Å, c = 3.58 Å and λ = β = γ = 90º, corresponding with the values of V2O5 of 
ICSD # 15798. Figure 4 (a) shows a BFI of Au-rich phase and a nickel vanadate (Ni2V2O7) 
phase formed at the surface of the interlayer. Figure 4(b) shows the EDS spectrum of 
Ni2V2O7, containing 23.0 at.% Ni, 19.2 at. % V, and 57.8 at.% O. The SADPs of Ni2V2O7, 
along with the zone axes of [10 1 ], [111], and [211], respectively, are shown in Figs. 6(c) to 
(e). The lattice parameters of monoclinic Ni2V2O7 were calculated to be a = 6.65 Å, b = 8.27 
Å, c = 9.25 Å and β = 99.66º, corresponding with monoclinic Ni2V2O7 in ICSD # 2358.  

From the Pilling-Bedworth (PB) ratio considerations, the PB ratios are 1.52 and 3.18 for 
oxidation of Ni and V, respectively. These values mean that Ni should form the most 
protective scale and V should form an unstable scale that would easily flake off. The PB ratio 
considerations are consistent with our observations of oxide products. 
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Fig. 1 (a) Transmission electron micrograph 
(bright-field image, BFI) of the 
97.5Au-0.75Ni-1.75V interlayer before oxidation, 
indicating the rod-like Au-rich phase. (b) EDS 
spectrum of the Au-rich phase. (c) SADP of the 
Au-rich phase with a zone axis of [001]. 

 
Fig. 3 (a) Transmission electron micrograph 
(bright-field image, BFI) of the 
97.5Au-0.75Ni-1.75V interlayer after oxidation at 
850ºC for 200 min, indicating the loose V2O5 phase 
formation. (b) EDS spectrum of V2O5. (c−e) SADPs 
of V2O5 with the zone axes of [ 1 1 1 ], [100], and 
[130], respectively.    
 

 
Fig. 2 Scanning electron micrographs (backscattered 
electron image, BEI) of the cross-sections of the 
97.5Au-0.75Ni-1.75V interlayer after oxidation at 
850ºC for 200 min. Several irregularly shaped 
particles are distributed over the 
97.5Au-0.75Ni-1.75V interlayer.  

 
Fig. 4 (a) Transmission electron micrograph 
(bright-field image, BFI) of the 
97.5Au-0.75Ni-1.75V interlayer after oxidation at 
850ºC for 200 min,, indicating the Ni2V2O7 phase. (b) 
EDS spectrum of Ni2V2O7. (c−e) SADPs of Ni2V2O7 
with the zone axes of [10 1 ], [111], and [211], 
respectively.   
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1Department of Materials Science and Engineering, National Taiwan University, Taipei, 
Taiwan 
2R&D Department, China Steel Corporation (CSC), Kaohsiung, Taiwan 
 
    The dual-phase steel, which is typically the microstructural combination of ferrite matrix 
and island martensite, is viewed as the potential of new-generation steel because of its 
ultrahigh strength, high strength/weight ratio and good formability. However, dual phase steel 
suffers the problem of bad hole-expansion property. X. Fang et al. [1] proposed that reducing 
the difference between yield strength and ultimate tensile strength can effectively improves 
hole-expansion property, thus improving the mechanical properties of dual phase steels. 
Therefore, this research aimed to enhance ferrite strength through the nanometer-sized 
interphase precipitation [2], whose structure could be affected by the hardenability of steel. 
This study compared the ferrite transformation behavior of Cr steel and Al steel (alloy 
designation listed in Table 1) to investigate the effects alloy on the mechanical properties and 
interphase precipitation structure (as in Fig.1). It’s found that Al will raise the transformation 
rate of ferrite, while Cr alloy have the opposite effect. Besides, Al steels shows lower 
hardness, which could be attributed to the lower precipitation density than Cr steels. This 
study conclude that lower isothermal holding temperature and lower ferrite transformation 
rate give rise to the higher strengthening contribution of interphase precipitation. 
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Table 1. Chemical composition of steel plates investigated (wt.%) 

 Fe C Si Mn Cr P Al Ti N 

Cr Steel Bal. 0.1 0.1 1.5 0.6 0.04 - 0.2 trace 

Al Steel Bal. 0.1 0.1 1.5 - 0.04 0.1 0.2 trace 

 
 

 
Figure 1. Morphology of interphase precipitation of Al steel austenized at 1050℃and 
isothermal held at 650℃for 8 seconds. The sheet spacing of precipitation is measured as 
28.4nm, and sheet plane belongs to {110}.  
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 The application of the iron-based amorphous alloys for use as magnetic core in 
transformers is very attractive because of their superior magnetic characteristics and much 
lower core loss. To further improve the soft magnetic properties such as low coercivity and 
high permeability, the as-cast amorphous ribbon needs to be annealed at an appropriate 
temperature (below crystallization temperature) under magnetic field for a suitable period. 
However, after annealing treatment, the amorphous ribbon turns to be brittle, which is 
disadvantageous to application.  
 In this work, the embrittlement behavior of Fe81Si2B17 amorphous ribbon annealed at 
275 - 425oC for 60 min was investigated by bend test, thermal analysis, and electron 
microscopy. The crystallization temperature (Tx) and ductile-brittle transition temperature 
(Tdb) of Fe81Si2B17 ribbon were determined to be 425 oC and 325oC respectively. The fracture 
surfaces of the ribbons treated at various annealing temperature (Ta) were investigated by 
FEG-SEM. It was found that when the ribbon was annealed at Ta < Tdb, its thickness was 
shrink from 20 μm to 10 μm before fracture and vein structure was observed in the fracture 
surface. When annealed at Ta > Tdb, the ribbon showed no obvious deformation in 
cross-section area and directly cracked after bending. In those annealed at Ta > Tdb ribbons, 
different characteristic morphologies along the crack propagation were observed: 
river-pattern zone, mist zone, striation zone and mirror zone. This characteristic fracture 
morphology was independent of annealing temperature when Tx > Ta > Tdb. After 
crystallization, the mirror-like fracture surface of annealed ribbon was distributed with few 
dendrite crystals and the ribbon was totally brittle. The severe embrittlement behavior was 
found in the crystalline ribbon. For the case of the annealing temperature below Tx,  the 
embrittlement phenomenon could be ascribed to the short range ordering. 
 
 
 
 
 
 

- 57 - 
 



 

      

Figure 1 The fracture surface of the amorphous Fe-based ribbon which is annealed at 325oC 
  for 60 min. 
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Upon joining the non-polar TiO2 plane of SrTiO3 with the polar atomic plane of an 
insulating oxide, the heterojunction interface could become metallic. The context of this 
exotic physics has been known as electronic reconstruction and largely described by the 
charge transfer from the polar to non-polar planes, forming interfacial two-dimensional 
electron gas. We explored this wisdom through mixed-valence (Nd0.35Sr0.65)MnO3 on 
TiO2-terminated SrTiO3, manifesting a primitively polar-discontinuous 
(Nd0.35Sr0.65O)0.35+-(TiO2)0 interface, while being electrically insulating. Using 
atomic-plane-by-atomic-plane chemical quantifications and spectroscopy in an 
aberration-corrected electron microscope, unexpectedly charge transfer across the insulating 
interface does exist, whereas inversely into (Nd0.35Sr0.65)MnO3. The intricate electronic 
correlations and interfacial strain envisaged by (Nd0.35Sr0.65)MnO3 drive the charges 
otherwise localized, leading to a counter-intuitive inverse charge transfer with an insulating 
character, in distinct contrast to the electronic-reconstruction framework. Correlations physics 
underlining this unexpected inverse electronic reconstruction were atomically tackled with 
new interface-property perspectives.  
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28006 Madrid, Spain 
3 Department of Chemistry, Tamkang University, Taipei County 25137, Taiwan 
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  Interests in surface excitations of Au are mainly focused on the well-known surface 
plasmon (SP) in the visible spectral regime [1]. The existence of surface exciton polaritons 
(SEPs) is believed to be pristine to the spectral regimes showing strong excitonic absorptions 
[2]. The presence of SEPs in far-UV in Au (≥ 10 eV), where the optical and electronic 
properties of Au are dominated by broad interband transitions that display characters of weak 
and diffused excitonic oscillator strengths, is not expected and has never been discussed. 
Reexamining Ref. 2 and using electron energy-loss spectroscopy (EELS) with a 2-Å electron 
probe in aloof (optical near-field) setup and energy filtered mapping (Figure 1), we firmly 
establish the existence of SEPs in individual Au nanoparticles in the far-UV spectral regime 
[1]. These results indicate that SEPs indeed can be excited in weak excitonic onsets in 
addition to their general believing for the sharp excitonic oscillations. Our experimental 
observations are further confirmed by the theoretical calculations of EELS spectra. The 
unmatched spatial resolution (2 Å) of the electron spectroscopy technique enables an 
investigation of individual nanomaterials and their surface excitations in aloof setup. The 
SEPs in individual Au nanoparticles thus represent an example of surface excitations of this 
type beyond the visible spectral regime and could stimulate further interests in SEPs in 
various materials and applications in novel plasmonics and nanophotonics at high energies 
via manipulations of the associated surface near fields. 
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Figure 1. (a) EELS mapping of SP near fields in an individual Au nanoparticle (radius, 13 
nm; dotted circle, the projected surface of the nanoparticle). The intensity maximum 
encircling the surface is well known to signify the surface-excitation nature, which is also 
observed in (b) and (c) for SEP excitations in Au in the far-UV spectral regime (10.0 and 
15.0 eV, respectively). Reproduced from [1]. 
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2Department of Physics, National ChungHsing University, Taichung, Taiwan. 
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4Current Scientific, San Jose, CA 95124 USA. 
 
    We demonstrate a novel silicidation process that forms Ni silicide thin films in a thickness 
of 10 nm while maintaining a low sheet resistance (Rs) of 18 ohm/sq. with two-step low 
temperature microwave annealing (MWA). Using this two-step method, an ultra-thin Ni silicide 
film, as thin as 4.5 nm, can be fabricated. Ni films were pre-deposited on Si wafers by the 
physical vapor deposition (PVD) method. A thin NiSi layer (Ni: ~54%) with partial crystalline 
was formed by the first MWA step, as shown in Fig. (a). After removing the unreacted metal 
(Ni rich layer, Ni: >93%) by selective wet etching, the second MWA step was performed to 
reduce the Rs of the NiSi layer. Figures 1(b~c) show the HRTEM images of the NiSi film of 
4.5 nm, 10 nm and 16 nm in thickness. In our previous experience, it is easy to form NiSi2 
nanoclusters in the silicide layer after the RTA or MWA process at higher temperature for 
thinner silicide layers. Figure 2(a) shows a 4.5 nm NiSi thin film formed with some small 
epitaxial NiSi2 (10~20 nm) regions on Si surface without the formation of the pyramids 
structure, but this phenomenon is not observed in the 10 nm and 16 nm NiSi films. It should 
be noted that the high resistance NiSi2 phase in the form of nano-islands is one of the factors, 
other than the thickness effect, that 4.5 nm NiSi layer presents a higher Rs (50 ohm/sq.) than 
that of the 10 nm (18 ohm/sq.) thick layer. The structural identification and the distribution of 
NiSi2 phase in the NiSi layer are also performed in this study. We use electron energy-loss 
spectroscopy and energy dispersive X-ray spectroscopy in the scanning transmission electron 
microscopy mode (STEM-EELS/EDS) to identify the nickel silicide phases. Atomically-
resolved Z-contrast images, elemental analysis, and the bulk Plasmon excitations are used to 
identify the phases of nickel silicides [1, 2], as shown in Fig. 2. 
 
References 
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Figure 1. HRTEM images of (a) NiSi film after first step MWA. (b) 4.5 nm NiSi film. (c) 
10 nm NiSi film. (d) 16 nm NiSi film.  

 
 

 
 
Figure 2.(a-c) STEM-HAADF images of the 4.5 nmNiSi layer. (d)Line-profiles of STEM-
HAADF intensity and elemental compositions in (a).  
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