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In situ Ultrahigh Vacuum Transmission Electron Microscope
Investigations of Nanostructures

Lih-Juann Chen (f& 7 1%)

Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu.

(HEABHHHETEER)

Low-dimensional nanostructures, such as nanodots, nanowires and nanotubes,
are especially attractive candidates for developing a bottom-up paradigm for
nanotechnology-enabled architectures. In situ ultrahigh vacuum transmission electron
microscope (UHV-TEM) is a powerful tool to investigate the dynamic changes of
nanostructures. By observing growth and phase transitions in situ, understanding of
their mechanisms can be used to model relevant processes. Recent development of
UHV-TEM further enables the investigation on atomic-scale materials systems in a
clean environment. With the precise knowledge of the changes occurred on an atomic
level, accurate control of the growth process can be achieved [1]. The appropriate
utilization of the UHV-TEM will be beneficial in studying the fundamental
mechanisms of dynamic reactions, formation of transient phase, solid-state
amorphization, epitaxial growth, growth kinetics and evolution of defects.

The dynamical changes occurred on the nano scale are often unexpected, which
also underscores the importance of the approach. In this presentation, we will
highlight several examples to demonstrate the unique capability of in situ TEM to
study the dynamical changes. The examples include
1. Growth of high-density titanium silicide nanowires in a single direction on a

silicon surface [2]: Merging of the two NWs in the same direction and collapse of
one NW on a competing NW in different directions when they meet at the ends
were observed. On the other hand, as one NW encounters the midsection of the
other NW in different direction, it recedes in favor of the bulging of the other NW
at the midsection. The crucial information has been fruitfully exploited to grow a
high density of long and high aspect-ratio Ti silicide NWs on Si(110) in a single
direction. -

2. Controlled growth of atomic-scale Si layer with huge strain in the
nano-heterostructure NiSi/Si/NiSi through point contact reaction between
nano-wires of Si and Ni and reactive epitaxial growth [3]: Point contact reactions
between a Si nanowire and a Ni nanowire are reported in which the Si nanowire is
transformed into single crystal NiSi with an epitaxial interface which has no misfit
dislocation. The growth of the NiSi occurs by the dissolution of Ni into the Si
nanowire and by interstitial diffusion from the point of contact to the epitaxial
interface. The point contact reactions have enabled us to fabricate single crystal

VvV



NiSi/Si/NiSi heterostructures of atomically sharp interfaces for nanoscale devices.
. Observation of repeating events of nucleation in epitaxial growth of nano CoSi; in
nanowires of Si [4]: The CoSi, has undergone an axial epitaxial growth in the Si
nanowire and a stepwise growth mode was found. We observed that the stepwise
growth occurs repeatedly in the form of an atomic step sweeping across the
CoSiy/Si interface. It appears that the growth of a new step or a new silicide layer
requires an independent event of nucleation. We are able to resolve the nucleation
stage and the growth stage of each layer of the epitaxial growth in video images.
In the nucleation stage, the incubation period is measured, which is much longer
than the period needed to grow the layer across the silicide/Si interface. So the
epitaxial growth consists of a repeating nucleation and a rapid stepwise growth
across the epitaxial interface. A discussion of the kinetics of supply-limited and
source-limited reaction in nanowire case by point contact reaction is given.

. Observations of electromigration in copper lines at room temperature [5]: Grain
boundary affects migration of atoms and electrons in polycrystalline solids, hence
it controls many mechanical and electrical properties of the solids. By introducing
nano-twins into Cu grains, we show here that we change the grain boundary
structure and atomic diffusion behavior along the boundary. Using in-situ
UHV-TEM, we observed directly electromigration induced atomic diffusion in the
twin-modified grain boundaries in Cu lines. The triple point where a twin
boundary meets a grain boundary was found to slow down grain boundary and
surface electromigration by one order of magnitude. We propose that it is due to
the incubation time of nucleation of a new step at the triple points. The finding
shall lead to the effective strategy to suppress electromigration by introducing a
high density of nano-twins in the Cu interconnects.
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Materials Characterization by Aberration-Corrected High Resolution Electron

Microscopy
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Image Contrast and Deconvolution Processing of Spherical
Aberration- corrected High-resolution Electron Microscope Images
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Toward Qusai-Atomic Resolution Tomography
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As the electron travels through the sample, it suffers from the dynamical scattering such that
phase in exit wave is altered according to the atomic structure and the thickness. The exit wave may
bear no simple one to one relationship with the structure. The phase in exit wave is further
complicated by the lens aberrations such as the spherical aberration and focus. The Cs corrector
basically severs as a phase plate that corrects the the phase distortion from the spherical aberration.
The phase distortion arising from the spherical aberration can also be removed by the exit wave
reconstruction process. However, due to the presence of dynamical scattering and local variation
of focus in sample, the atomic structure of sample is still encoded in the images or the reconstructed
exit wave even recorded from a Cs corrected TEM.

Before the dynamical scattering can be reversed, the geometry of the exit surface of the sample
has to be deduced. The development of the “numerical focus plate” is to correct the phase terms
from local variation in focus in the sample. Possible approaches to the problem of local variation in
focus will be presented. Simulation case of wedge Au crystal will be used as a test example. After
correction of the “focal” plate, then the quantification of the exit wave can be carried out by
reversion prcess of the dynamical scattering either by the reversing multislice algorithm or 1s state
model. Examples from Cs corrected TEM will be shown to demonstate the concept of “focal
phase plate” and reversing of dynamical scattering that will lead to quantification of the structure
from Cs corrected TEM.

As the exit wave propagates in the free space, it forms a circle in the Argand plot. Fig. 1 shows
Argand plot of the propagated exit wave from simulated exit waves of Au and Si crystals. In my
talk, I will present methods (1) to determine the “focal plate” based on the propagation circle of the
exit wave and (2) to retrieve the potential map from the exit wave based on reversing multi-slice
(RMS) calculations. For crystalline materials containing single element, the 3 dimensional atomic
structure can be reduced after the geometry of exit surface and the potential map are analyzed.
Quasi-atomic resolution tomography will be demonstrated using simulated wedge Au crystal.
Fig. 2 (a) shows a defocus map obtained from a simulated wedge-shape Au structure with atom
columns containing 1 to 5 atoms. The side-view of the structure is shown in the insert of (a). Fig.
2(b) shows the defocus circles for every atom column. Each atom column is defocused from -30°A
to +30°A.
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Fig. 1 Argand plots for Si and Au in [100] orientation obtained from simulated exit waves using
the channelling theory.
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Fig. 2 (a) a defocus map obtained from a simulated wedge-shape Au structure with atom columns
containing 1 to 5 atoms. The side-view of the structure is shown in the insert of (a). (b) The
defocus circles for every atom column. Each atom column is defocused from -30°4 to +30°4.



A new method to study three-dimensional structures of radiation-sensitive

samples by using X-ray or electron diffraction microscopy

T.K.Lee(2 2 H), C.C. Chenand C. H. Lu

Institute of Physics, Academia Sinica( ¥ #5F % % # 22 A7), Taiwan

A new method to reconstruct a three-dimensional image by using measured x-ray or
electron diffraction intensities is presented. The method is specially designed to study
radiation-sensitive samples with data taken at a limited number of angles. The method combines
the ideas of Pseudo-Polar Fourier transform and 3D Hybrid Input-Output method. For both
theoretical models and experimental data, it is shown to provide a much improved accuracy for
the reconstructed 3D images at all angles than previous methods.



ELECTRON DIFFRACTIVE IMAGING OF A SINGLE NANOPARTICLE

Roman Dronyak(2 & %)%, Keng S. Liang(%## = )%, Ting-Kuo Lee(% & B)’, Chi-Kai Feng(’%
3", and Fu-Rong Chen(f 42 )'7

Hsinchu, Taiwan

’National Synchrotron Radiation Research Center(/F] # #5415 % ¥ «=), Hsinchu, Taiwan
*Institute of Physics, Academia Sinica( ¥ #5F % £ 49 22 #7), Nankang, Taipei, Taiwan

In diffraction experiments the phase information is encoded in diffraction intensities and, in
principle, can be recovered using a coherent diffractive imaging (CDI) commonly known as the
oversampling method. Electron CDI is promising to achieve diffraction-limited resolution, and is

particularly challenging for characterization of disordered materials and biological samples.

Here we present a phase-recovery technique that utilizes a guiding method with a dynamic
support [1 - 3] to reconstruct the shape and the exit wave of a single MgO nanoparticle (Fig. 1a).
The proposed optimization method provides an optimal solution deduced from the experimental
electron diffraction pattern alone (Fig. 1b). The recovered shape of a hydrated nanocrystal (Fig.
2a) has a spatial resolution 3.1 nm, limited by the measurable diffuse scattering intensities about
Bragg peaks. The modulus of the recovered exit wave has a fine periodic structure of spacing
0.15 nm (Fig. 2¢). The estimated error of solution (Fig. 2b, d) is smaller than 10% except in the
region of width about 1.6 nm at the edges of the sample. Note, the modulus of exit wave
decreases linearly in a width about 3.5 nm at the edges (Fig. 2e), consistent with the presence of
{110} facets at an early stage of hydration of MgO smoke cubes.

The important requirement of electron CDI is the coherent nature of illumination that is
shown in the strong interference fringes over the beam profile (Fig. 1a). We quantify the
coherence length in the sample plane by fitting a simulated partially coherent beam to the
experimentally recorded beam profile. A minimal discrepancy was obtained for the electron
probe (see upper inset of Fig. la) having coherence length 15 nm. Therefore, the partial
coherence of the beam can be treated quantitatively in the CDI. Further details will be discussed
during the workshop.
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Figure 1 (a) TEM image of the electron probe
illuminating a sample. Insets show a simulated
beam assuming partially coherent illumination
with spatial coherence length 15 nm and 5 nm
correspondingly. (b) Electron diffraction pattern
recorded on the imaging plate near the [001]
zone axis. The upper inset shows an enlarged
image of an eroded 24-nm MgO nanoparticle
shown in (a). The lower insets are enlarged
views of intensities about (200) and (220)
Bragg peaks.
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Figure 2 (a) Modulus of the shape of the MgO
nanoparticle recovered from intensities about the
(200) Bragg peak. . (b) Spatial accuracy of a
solution showing the relative error of the
recovered shape that is greater within 1.56 nm at
the edges of the sample. (¢) Modulus of the
reconstructed exit wave at the edge of the sample
indicated by the square in (a). (d) Spatial accuracy
of the part of the exit wave shown in (c). The
region at the edges of the sample at which error is
great (~35 %) has width about 1.6 nm. (e)
Comparison of the contrast profile (black line)
obtained from a TEM image of the sample along
the line shown in the upper inset of Fig. 1(b) with
the modulus of the exit wave (red line) along the
same region




An Electron Microscopy Analysis and Computational Simulation for
Deformation-Induced Phase Transformation of TiAl Alloys During Room
Temperature Compress
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Effects of boundaries and point defects on a surface phase transition

Ing-Shouh Hwang(3% 3£ #8) , Chung-Kai Fang , Shih-Hsin Chang , Tien T. Tsong(#f X 4%)

Institute of Physics, Academia Sinica( ¥ 2 5F % £ # 22 57), Nankang, Taipei, Taiwan, R.O.C.

A reversible, temperature-driven structural surface phase transition of Pb/Si(111) is studied
with a variable-temperature scanning tunneling microscope (STM). At a coverage around one
monolayer, there exists a 1x1-Pb phase at room temperature. The 1x1-Pb phase undergoes a
reversible structural transformation into a row-like /7 x +/3 -Pb reconstruction at low temperatures.
Since the Si(111) substrate has three-fold symmetry, there are three different row orientations. We
also find that an elongated boundary shape tends to favor the +7x+3 row structure with
orientation aligned with the long axis of the elongated compact region. Our STM study of many
Pb-covered Si(111) compact nanoislands at several different temperatures shows that the transition
temperature decreases with decreasing region (island) size [1,2]. Near the transition temperature,
sudden change in the row orientation or the sudden translation of the low-temperature J7x3
phase can be seen. Neither domain walls nor traces of their motions can be seen in these compact
nano-regions (or nanoislands). This suggests that the domain wall motions are much too fast for
STM imaging. The phase transition may involves only small lateral displacements of Pb atoms
without breaking the covalent Pb-Si bonds, which can explain the small activation energies for
domain wall motions [1,2]. We believe that the disordering transition may be caused by prolific
creation and very rapid migration of domain walls at high temperatures. Another interesting

observation is pre-disordering near boundaries at temperatures slightly below T.

Fortunately, through proper sample preparation, the trapping of domain walls by certain
boundary conditions or by point defects allows us to capture domain walls and their motions at a
time scale reachable by STM. Thus, the interactions of domain walls with boundaries and point
defects can be studied. We find that domain walls can be pinned at constrictions. Through
introduction of atomic hydrogen, we find that H-induced point defects may facilitate formation of
domain walls and trap their motions. In addition, we often see enhanced structural fluctuations or
even loss of the long-ranged order on the Pb-covered nano-regions after higher H exposures. This
indicates that introduction of point defects can reduce the transition temperature. We also observe
pre-disordering in defective areas, where the local defect density is significantly higher than the
average. Here we propose that most of the defects and boundaries may provide attractive potentials
for domain walls. A qualitative picture based on these potentials can explain the observed
phenomena, such as strong pinning of domain walls at constrictions and/or by point defects,

finite-size effects on the phase transition temperatures, pre-disordering in areas near boundaries or

12



in defective areas, enhanced structural fluctuations after introduction of point defects. Many
concepts may be extended to understand other domain-wall based systems.
Work supported by the National Science Council of ROC and Academia Sinica.
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Fig. 1 (A) STM images of compact Pb-covered regions connected by constri
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Fig. 2 Pinning effects of a constriction.
Pb-covered region taken at 190 K and the sample bias of +2 V. The duration between two images

is ~ 1 min.
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Novel Deformation Mechanisms Discovered by in situ HREM Observations
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Surface and interface properties of ultrathin metal films on

Si and Cu substrates

C.S. Chang*°(3& & #}). W.B. Su®, and Tien T. Tsong®

“Institute of Physics, Academia Sinica, Nankang, Taipei, Taiwan ( ¥ J25F % FE 9 ZE /7 )

bDepartment of Physics, National Taiwan University, Taipei, Taiwan

When the thickness of a metallic film approaches a few atomic layers, the
wavevector of its Fermi electrons along the surface normal becomes discrete due to
the boundary confinement. This occurrence can have a profound effect on various
nanoscale physical properties. For instance, electronic state densities, surface
potential and work function of the film will all be affected. In addition, as the effect
of discrete lattice is taken into account, this quantum effect can even induce the
structural variations and play a key role in the film growth. Furthermore, the
potential variation at the metal/semiconductor interface can mediate a subtle interplay
between the screening and confinement effects in the metallic thin film. And at low

temperatures the interfacial information can even be convoyed to the surface.

Higher order peaks of Gundlach oscillation in scanning tunneling spectroscopy
can be employed to measure the work function difference between a thin film and a
metal substrate with very high precision. We use this technique to measure the work
functions of a few metal thin films grown on different metal substrate. Referring to
the figures below, we demonstrated the cases of Ag/Au(111) and Ag/Cu(111), and the
spectra on the right showed a constant energy shift for the higher-order Gundlach
oscillation peaks. These measurements show a very high precision comparable to the
photoemission measurements. For the Pb films grown on the Cu(111) surface, the
results reveal that the work function varies in oscillation with island thickness, which

can be attributed to the existence of the quantum well states within the thin film.
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Metallic thin films can also act as narrow potential wells to the incident electrons.
Under the configuration of scanning tunneling microscope, when the bias applied to
the tip is raised beyond the vacuum level of the sample, emitted electrons will
experience transmission resonances, which can be detected in both the dI/dV and
dlI/dZ spectra. In this presentation, we will review our recent investigations on the
individual 2D lead (Pb) and silver (Ag) islands grown on the Si(111), Si(100), and
Cu(111) surfaces. Most of the studies were performed concurrently with scanning

tunneling microscopy and spectroscopy at low temperature.
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Aberration Corrected TEM for materials science
~The atomic revel elemental analysis~

Eiji Okunishi, Isamu Ishikawa, Hidetaka Sawada and Yukihito Kondo
JEOL, Ltd., 1-2 Musashino 3-chome, Akishima, Tokyo 196-8558, Japan.

Recently, the performance of STEMs is greatly improved by the realization of Cs
corrector for the probe forming system. The Cs corrector mainly offers two
advantages: a small probe size and high current probe density. As to the former
advantage, the smallest probe size was measured to be less than 0.1 nm at 200kV with
Cs corrector. The small probe size, which serves as a high-resolution capability in
imaging, has already been reported by the Pennycook’s group [1, 2]. As to the latter
advantage, the current probe density is about ten times higher than the one in ordinary
STEMs. The higher current probe density enables us to analyze with higher sensitivity
reaching an atomic level resolution. The present paper reports atomic resolution
imaging and elemental analysis by the combination of EELS/EDS and Cs-corrected
STEM.

Figure 1 shows a high resolution image of Si[112] taken by high-angle annular
dark-field (HAADF) method, using a aberration corrected microscope
(JEM-ARM?200F) equipped with the STEM Cs corrector. The image shows 0.078nm
dumbbell. The image was obtained with a 10pA probe current. Figure 2 shows
elemental maps of SrTiOs, by EELS. These images were obtained with a probe
current of 150 pA and an acquisition time of 0.03 second per pixel, (total acquisition
time being 3.5 minutes). The thickness of the specimen was estimated to be 24 nm by
EELS. (A) shows a HAADF image acquired simultaneously with the EELS spectra.
The atomic position can be clearly seen. (B) shows the element map by an RGB
display. (C), (D) and (E) show strontium, titanium and oxygen maps. Each atom
position can be seen definitely.
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Fig.1 A) High-angle annular dark-field image of Si [112] taken by JEM-200F with
STEM Cs Corrector. B) Line profile of the white square area of A (Raw data). C)
Histgram of intensity in A, the horizontal and vertical axes being intensity and
number of pixels. D) Fourier transform of image A, the lattice spacing of (444) being
0.078nm.

Fig.2 EELS maps of SrTiOs obtained by JEM-ARM200F with STEM Cs Corrector.
A) HAADF image acquired simultaneously with EELS signal. B) EELS map with an
RGB display. C) Sr-M map, D) Ti-L map and E) O-K map.These images were taken

at a probe current of 150pA with an acquisition time of 0.03 second per pixel, total

acquisition time being 3.5min with the use of drift compensation. The images are

shoen with 32 x 32 pixels.
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Recent developments in EELS analysis
A Maigné'

"Nippon Gatan 3F Sakurai bldg. 2-8-19 Fukagawa, Koto-ku Tokyo 135-0033

amaigne(@gatan.com

Energy Electron Loss Spectroscopy has been proven many times to be the state of
the art analysis method for material characterization. TEM and STEM performances have
increased drastically with the development of Cs correctors as well as monochromators.
To be part of this technological revolution, Gatan has decided has decided to redesign fro,
the ground up our spectrometers. For the first time in Asia, we will present the new GIF
Quantum™ series which represents Gatan's 4™ and most advanced generation of
post-column energy filters. The GIF Quantum combines advanced dodecapole-based
electron optics with a blazing fast CCD camera system to yield an imaging filter that
defines the new state-of-the-art in the capture of both highly detailed EELS and EFTEM
data sets with maximum throughput.

With the GIF Quantum, there is no compromise between EFTEM and EELS. It
combines 3 state of the art equipment in one: a full frame high-quality CCD camera, a
ultra-fast EELS detector for spectrum imaging and a 5™ order aberrations corrected post
column filter for EFTEM analysis.

Spectrum-Imaging is a powerful approach in data acquisition for materials
characterisation whereby a spectrum is recorded at each pixel position in an image to form

‘a ‘3-D data-cube’. As a technique it ‘is a powerful means for rapid materials
characterisation at the nanometre level and is well established, especially in the field of
materials science. Rapid increases in computing power, increased ease of use, and the
advent of high sensitivity and high throughput detectors have enabled .acquisition of higher
dimensional data sets within a practical time-scale. Advances in control software and
systems integration has allowed simultaneous capture of multiple spectral signals, as well
as providing complementary information in spatial correlation to further increase the
ability of this powerful tool. With an atomic resolution, combined EELS and HAADF
spectrum-imaging is a formidable approach for solving materials science problems.
Furthermore , diffraction-imaging allows the measurment of the diffraction pattern during
the scanning process and extends STEM-mode data acquisition to another dimension,
opening up new possibilities' in advanced materials science characterization at the

nanoscale.
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Fig 1. Atomic column by column EELS mapping of SrTiO; using JEOL 2100F
with Cescor and Gatan Tridium. The High angle ADF image shows clearly the
SrTiO3 structure. The EELS elemental map of Ti and Sr shows clearly the same

pattern

By combining a new high-speed detector (1000 spectra per second) and ultra-fast 1us
shutter and a very large collection angle due to the Smm entrance aperture (in EELS mode),
STEM-SI can be recorded with high resolution with an incredible speed. Real EELS is now
achievable via dual-EELS. DualEELS™ allows the operator to acquire two optimized
EELS spectra from different energy ranges (typically one core-loss and one low-loss) in
rapid succession. By having both the core-loss and the low-loss signal from the identical
area of the sample, absolute quantification can be performed. More importantly,
DualEELS™ is fully integrated into Gatan’s spectrum imaging application creating a new
standard in data acquisition and quantification. The new precision offset of up to 2kV and
switching times less than 50us allows hysteresis free energy offsets beyond the Si-K edge

- enabling accurate core level shifts to be measured for elements across the periodic table.
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FIG 2. Si L edge chemical shift within the different Silicon phase, using Dual EELS
and the ultrafast shutter, the low loss and the core loss region can be acquired together
and the chemical shift measured extremely accurately, moreover the plural scattering

can be remove with ease using Fourier Log deconvolution.

Of course, EFTEM performance are critically improved too with an increased field of
view up to 36 pm ( with the 9mm entrance aperture), dodecapole based electron-optics
with an isochromaticity as low as 1eV at 200keV and 0.75% maximum image distortion
and of course, the new dual EELS mode. Moreover, EFTEM measurement can be done
easily with the all new advanced AutoFilter suite choosing all the measurement parameters

to get the best data with the minimum electron radiation
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Direct Atomic Mechanisms of Stress-Induced Unusual Large Strain Plasticity of
Semiconductor Nanowires'
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Employing mechanical tests on individual nanowires via a newly developed in-situ
atomic-lattice resolution electron microscopy method, we have, for the first time, successfully
observed the brittle materials SiC and Si even SixO;x-nanowires (NWs) become highly ductile at
room temperature. A crystalline structural evolution corresponding to the occurrence of unusual
high ductility of the brittle materials includes the dislocation initiation, dislocation accumulation
and the amorphous phase transition, finally the extended nano amorphous ductility processes at the
necking region of the one dimensional nanowires. A corresponding deformation mechanism for
these one dimensional nanowires under an external tensile force has been proposed based on MD
simulations and it agrees well with our experimental results.

Amorphous solid materials as silicate glass or metallic glasses are usually with high hardness
but brittleness in nature. The deformation mechanism of amorphous materials has two modes: at
high stress and low temperature, the plastic deformation in metallic glass is inhomogeneous: the
strain is concentrated in a few thin shear bands, while for silicate glass the plastic deformation is
even much smaller before brittle failure. At lower stress and higher temperature, the deformation is
homogeneous, which is atomic diffusion process for both types of glasses. The homogeneous flow
regime includes liquid flow, which occurs above or near the glassy transition temperature, 7.
Above T, superplasticity will occur for glasses with the nature of visco-plasticity.

We have reported, for the first time, a new phenomenon of large tensile plasticity of
semiconductor nanowire through a phase transition of single crystal to amorphous under an external
stress. These unusual mechanical properties of one-dimensional semiconductor nano materials with
covalence bonds are fundamental important for understanding the nano-scale fracture and

stress-induced band structure variation for high temperature semiconductors.
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Fig.l1 In situ investigation of the superplasticity of SiC NWs at room temperature. (a) — (g) are a
series of SEM images when  conducting the axial-tensile experiments on an individual SiC NW.

(h) is a schematic illustration of the deformation process.

e

Fig2 Direct atomic scale In-situ study of the silica NW large strain plasticity at room temperature.
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Characterization of In-Ga intermixing in InAs/GaAs Quantum Dots by HRTEM
and EFTEM
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Semiconductor quantum dots (QDs) have important potential applications in optoelectronic
and transport devices.[1] Among the QD families, InAs QDs have received the most attention
because of their specific applications in lasers,[2] optical memories,[3] and infrared
photodetectors.[4] For implementation in devices, both the formation and capping processes are
crucial for the structural and optoelectronic properties of QDs, however, dot morphology and
composition tend to be modified in post-growth process through interdiffusion and has not
completely understood yet[4.5]. Therefore, we attempt to investigates shape -and composition
profiles of both buried and surface InAs/GaAs quantum dots (QDs) by combining three-window
and spectrum imaging (SI) methods with energy-filter transmission electron microscopy (EFTEM)
and high-resolution (HRTEM). Both of the surface and capped QDs were grown by molecular beam
epitaxy via S-K growth mode.

Fig.1. shows a plan-view 220 dark-field TEM image of the surface InAs QDs. Coherently
strained QDs are clearly observed. The typical lateral sizes of the uncapped InAs QDs are 17+2nm.
Fig. 1(b) shows a cross-sectional 400 dark-field TEM image. In this image, both surface and buried
QDs are apparent, as labeled. It also shows that the typical height is about 8 nm. In comparison to
the surface QDs, the buried QDs typically have similar widths and densities, but their heights are
reduced by the capped GaAs. For the surface dots, an off-zone bright-field image is shown in Fig.
2(a) and the indium elemental map from EFTEM SI is shown in Fig. 2(b), where the degree of
brightness should be proportional to the indium content. Fig. 2(b) reveals that the contrast within
the dot is constant with an abrupt interface, implying that the dot had the same In concentration and
no obvious indium inter-diffusion. For the buried dots, an off-zone bright-field image is shown in
Fig. 2(c), and the In elemental map is shown in Fig. 2(d). These demonstrate that these dots are
characterized by inhomogeneous indium compositions with indium-rich centers in the form of
truncated cones. Detailed analysis of the [In] in the vicinity of the surface and buried QDs is shown
in Figs. 2(e)-2(f). The gray shaded area in Fig. 2(e) represents the In concentration variation in a
typical buried dot in Fig. 2(d). The dot is found to have an indium-rich content at its base with a
thickness of 3.7+0.1 nm. Furthermore, the vertical height of the dot that still shows In signals is
estimated to be 10 nm, which was longer than the average buried dot height of 5 nm. The added
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height suggests the presence of In-Ga intermixing above the QD. On the other hand, the In
concentration variation in the lateral direction is shown in Fig. 2(f) for the base regions of the dot.
The lateral dimension of each dot appears approximately the same, as it is affected less by the
capping process than by the growth direction. Moreover, asymmetric photoluminescence is
observed from the buried InAs QDs, which is attributed to the confinement effect of the pure InAs
QDs for the main emission and the strain-driven In/Ga intermixing between the QDs and the matrix
layer for the side peak. The significant blue-shift in the main emission coincides with a calculation
by taking the dot height from the indium map. These results prove that the photoluminescence of
the buried InAs dots is the result of In/Ga intermixing during post-growth.
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Fig. 2 EFTEM elemental maps from the SI technique, (a) zero-loss image and (b) indium map of a
surface-dot; (c) zero-loss image and (d) indium map of a buried-dot. Images are calculated
using the In M-edge at 443 eV threshold energy, where the indium concentration profiles along
the (e) growth and (f) lateral direction of the dots, as a function of position across the dots I-III,
are projected directly. As indicated in (d), the gray shaded areas in (¢) mark the indium

concentration variations from the InAs dots to the GaAs cap layer.
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Electronic and Mechanical Coupling in Bent ZnO Nanowires

(BRSO R H 0 7 TR ML 345 EER A E)

YU Da-Peng (4r A M), HAN Xiao-Bing (3282 7k), XU Jun (% &), CHEN Li (FR ),
ZHU Xin-Li (&A1)

Department of Physics, Peking University » Beijing 100871 » P R China(Jt %A % #HELE EFEMETRE b
# 100871 » ¥ H)
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TEM study of the structure and phase behavior of gold nanocondensates:
Effects of laser ablation parameters and carbon catalysis

Chang-Ning Huang,' Shuei-Yuan Chen,” Yuyuan Zheng' and Pouyan Shen(. 1% 3 )’

! Department of Materials and Optoelectronic Science, Center for Nanoscience and Nanotechnology, National Sun
Yat-sen University( & iz ¥ s A “2) Kaohsiung, Taiwan, R.O.C.
? Department of Mechanical and Automation Engineering, Shou University Kaohsiung, Taiwan, R.O.C.

The small Au clusters fabricated by a vacuum-evaporation process typically form multiply
twinned particles (MTP) with pentagonal arrangement of decahedral (Dh, 10-faced) and
icosahedron (Ih, 20-faced) types [1, 2]. The Ih and Dh particles 3-14 nm in size, via such a vapor
condensation route with purified helium gas, are unable to transform to fcc even near the bulk
melting point (1337 K) due to a high activation energy [3]. Here, Au nanocondensates in the form
of amorphous clusters, MTPs, and fcc with progressive larger particle size, as characterized by
transmission electron microscopy (TEM, FEI Tecnai G2 F20 at 200 kV), were fabricated by pulsed
laser ablation on Au in vacuum with or without argon gas flow at 1.5 x10® vs. 1.4x10" Watt/cm?
power density for a rapid heating/cooling effect.

Our observed critical size ca. 2 nm for the amorphous to MTP transformation of the Au
condensates thus prepared [4] implies a minimum {111} surface area of ca. 4 nm* for MTP.
Coarsening and {111 }-specific coalescence of the MTPs and fcc to form defects were also found to
be competitive under the influence of laser parameters and Ar gas flow [4]. The size and phase
changes of the Au nanocondensates were further observed to be sensitive to electron irradiation.
‘Electron dosage in fact activates {hkl}-specific coalescence of the impinged nanoparticles to form
MTP and even fcc structure under the influence of graphite-like catalysis. Such in-situ TEM
observations (Fig. 1) indicated that the MTP— fcc transformation occurred for a surprising small
particle size of 5 nm due to the catalytic effect of graphite-like materials (G) with varied extent of
rolling following the habit plane (0001)g/(111)g, i.e. via a partial epitaxial relationship. The
ultimate relationship would be (2110)6//(21 1)gee; [0110]6//[011]gc for a minimum misfit strain with
perfectly crystallized graphite according to theoretical calculation using the CASTEP module in
Materials Studio software.

Acknowledgment. Supported by Center for Nanoscience and Nanotechnology at NSYSU and
partly by National Science Council, Taiwan, ROC. ' '
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Figure 1. Lattice images showing the phase behavior of the Au nanocondensates during electron
irradiation for a specified time: (a) as-deposited amorphous nanoparticles (i.e. time setting t = 0), (b)
turned into faceted Dh and approaching each other at t = 1 min, (c) Dh nanoparticles underwent
(111)-specific coalescence upon impingement at t = 10 min, (d) transforming into larger sized Th at t
= 12 min, (e) back transformed into Dh at t = 14 min, (f) graphite basal layers were developed
epitaxially on the (111) facets of Dh at t = 18 min, (g) further transformed into fcc by partial
epitaxial nucleation on graphite-like basal layers with varied extent of rolling at t =23 min. The d
spacings of (111) in Dh/Ih/fcc and/or (0002) of graphite-like flakes are denoted in b to g.
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The Newly Developed Method using High Resolution TEM to Quantify
The Structural Integrity of Nuclear Grade Graphite in Very High
Temperature Gas Cooled Reactor (VHTGR) Core Environments

Ji-Jung Kai(BA 4 ¥ ), Shuo-cheng Tsai(% %8 7<) and Yi-Tsang Hsieh
" Department of Engineering and System Science National Tsing Hua University(75 £ X £ L 25 % # #%2 %), Hsinchu

With the increase of importance of nuclear energy, the newly designed generation IV reactor
(G-IV) has incorporated hydrogen production into the reactor design. The most promising type of
G-IV reactor for both electricity and hydrogen production is the very high temperature gas-cooled
reactor (VHTGR). In this type reactor design, nuclear grade graphite is the major core internal
structural material serving as reflector and moderator to maximize the neutron economy. Due to the
high temperature and high neutron flux in the reactor core, graphite will face very serious challenge
in terms of structural integrity, especially, the irradiation creep and Wigner energy stored in the
damaged matrix.

Graphite will store Wigner energy inside the crystalline lattice and cause the expansion of
c-axis and shrinkage of a-axis and b-axis during irradiation. The amount of irradiation creep can
become a critical factor to limit the lifetime of graphite used in the in-core structure. Also the
crystalline lattice of damaged graphite may release enormous amount of defect energy when the
temperature reaches the critical annealing temperature which may cause serious problem in reactor
safety during abnormal accident conditions.

We have developed a new method to quantify the radiation damage effect on the
microstructural evolutions of graphite by using the High Resolution Transmission Electron
Microscopy (HRTEM) images. By this method, we can define the degree of expansion and
distortion of the c-axis which indicates the amount of irradiation creep and the stored energy in the
lattice. Compare our results with the previous published graphite experimental data from other
groups, we will be able to quantify the effect of irradiation on the lifetime of graphite in the

VHTGR core environments.

Fig.1(b)

Projection

Fig.1(C)

Fig.1(a) HRTEM images of irradiation graphite (10dpa)
1(b) Fast Fourier Transform of HRTEM image
1(c) The projection of FFT intensity
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Fig.2 HRTEM images from the region of different doses

only c- axis atc axis
dose(dpa) 'd stra_in of © strain rising strain rising
spacing(mm) spacing(96) energy(cal/g) | temperature(’C) energy(cal/g) temperature("C)
500 0.6 |0.34410. 002 2.4 4044 105411 8119 215122
3 0. 35510. 002 5.7 222124 536155 518152 13681128
5 0. 36110. 003 7.6 279120 735154 847459 20871146
10 0. 3810. 007, 13.5 791447 2087+123 2681+158 70734417
600 0.6 |0.35810. 002 6.7 108+11 264127 397438 1008193
3 0. 36210. 002, 7.7 289128 670166 793183 20144223
5 + &
10 + +
700 0.6 |0.357+0. 002 6.3 8318 199420 316133 TT7E79
3 0. 35910. 002 7 209+19 483447 584159 1434+145
5 0. 365+0. 003 8.6 249421 612153 845173 2076+176
7 0. 371+0. 004 10.7 421445 1035%111 1315141 32321346
10 0. 389+0. 01 16.1 691+ 76 1697+ 187 28284311 69471764
40 + o
800 0.6 |0.355%0. 002 5.8 6318 16018 263130 630165
3 0. 357+0. 003 6.3 160+18 366139 447442 1069196
5
10 0. 3821+0. 006 13.6 617194 14751226 2125%330 51661790

Table.1 The strain energy and rising temperature for different temperature and dose.



Microstructure and Hydrogen Storage Properties of MmNi; 5(CoAlMn), s/Mg
Multi-layers for Hydrogen Storage

(MmMs/Mg # 43 B ¢ BA s S o i SUMERE B9 Bl 42)
OUYANG Liu-Zhang (BB #7 %), YE Su-Yun (¥ % £), ZHU Min~ (%44)"

College of Mechanical Engineering, South China University of Technology, Guangzhou, 510641, P R China
(EHFEIAL HHALEIELEE  BR FEH 510641 - T H)

Mg 89 88 5iE 7.6% 2 E£:@ Mg KO 2 RAH N EHELZ  RAF AL 300C
—400C ~30 BRABYIEH T ALEIT - TR EES N ER T E R - Zalaski &
A SEREEHEHE AR SRR T4 BRMERR Ta{bg 50 nm > 4£69% 8% £ A8
hokk o RdiAitm o BIABENEHREXENRRABEE - FARER 3 FRABRSIE
Breg Mg Rk A A A4 P A4 B BAC R 8 B # B AKREIR T Mg 9 R/K 88
B> BomiEbRANSEENERAER Bt & FAEMLELFTHEaMH
HEHDE - SEBEN—BAESHLERAGFLESFENN @(EE L TR BEFEE T
BN BEEFETURBTREITE LAY - Rt £ 8B TUA KRG TABREHENZN
AN EE - HFR > RBREH AR A SR % B B & Mg 696 st
R B ERAT T 9P R [4~6] > 31 E T 49K & Mg A 8420 N @[T » 35 &k
BHEELATENN DAL A S ICY ELREA o AXLW T AR 4E A i B4
T H 6y Mg/MmM;s % & B e 44 4 4 fo il R RE Z M 9 Bl 44 ©

AXA X-514474 (XRD) FE % T iz B4 2 469 MmNi;s(CoAlMn); s/Mg (f§ 5
2 Mg/MmM;)#8 A 3 B B/ 8 AT 14 49 45 45 84 b Fo 8 BLME A 2 R 89 Bl 44 ° XRD % 89 Mg/MmMs
SRBEY Mg B A MAeE —RRENKE  BRIKLBENH A 473K f2 523K - REHE
4% (TEM) Bt 7 Mg/MmM;s % & # B 4 R & 4% - Mg/MmM;s % & B + Mg & Fo MmM;s &
WA IR T A B4 o Mg B e &k BfsEERBAERBN[001]F &4 ke
Ak B4, s MmMs B Rl d sk B dE R4k - Mg/MmMs % B BEAR 8382 ¥ 2R 4(103)&@
FANREARGERBARE » RERO0)EAERGERIBRE -

1 & 5% th Mg/MmM;s % B B ei 44 @ TEM % - £ TEM & % > A BHE ALY
2um &) Mg & » ™iF GE B H0LE A 4 400 nmMmMs & « %48 % & B a9 B E 4 % 4.2 pm -
B BT A B Mg &Aoo MmMs B 2 BN @i F A EE - RERE4ESL48 > RARRABE
MEZ A AR A B R SRR e Mg/MmMs % L B ey AR B AT E
# 49 Mg/MmNi, 3§ B2[8] > &R Bl 4% 5216 & # 69 Mg-MmM;s 4 4-44[9] -

B 2a, b 3] &AL Mg/MmMs % & B ¥ MmM; & L&) Mg B8 69 ~ 853545 » T BUE i
Mg & th i Rk o £ F MmMs & —fa] - Mg B B A 4k L& AME L Mg B
BLEG A Mg BRI EAARKEEH  BKREVWEELEH100nm  RELYAE>HHES
ABERHEE REWFALAREBMEAGEL - HE 2 76 Mg SREBTHRESTH W
B A Sk eg[110]| s s B E T P47 KA TEMSHMENE X Vo RIE
AR cosf=cos(X, - X,)-cos(t, - ¥,) %7 LAST E i &8 Mg AR & &[110] & A 2 R sy i £
O @BHE Mg ARSI HORARDEL S 9° > TRARE Mg 4K &2 eyib £/
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Mg ik B2 M Z A EHES -

B 3 &5 & Mg/MmMs % & B a4 89 XRD B - K 84bAT % & ey XRD A8tk -
Mg/MmMs % & B4 473K £4b4% 69 XRD B (B 3a)F 3R T 58 E 1R 53 69 MgH, 64947404 » Mg
85(103) 4744454 % - M (001) 3R EABARMR D » 3RA Mg fL bt SAbic T ARE & Sk it B &
R E & SALRE S & AALBE & %] 523K 54644 8 XRD B 40 B 3b #7548 % Mg 85 (001)
PTETEAR RAF A > 2 MgH 894T4HE B ER S > AAMg QiR ER AT - B 3c £ %
& WA 523K ALt 3 4248 B o BB (<107 Pa)ff ¢k FAL 844 49 XRD B - 7T 204 2] MgH,
WATEE R H R 0 RFIER Mg 69474 - 308 MgH, &R &% #% - Mg/MmM;s % & % 84
MREHOR P EZAEN MgMmM; % BBEBRKEOE%L > ARARABETRAN
RSB EHBEHOE > R ARG ERERT Mg/MmM;s % BB+ Mg Aaec 4 & MgH, 48 -
Mgyt B Ae i E M % B F 5 S ibey MmMs 358 4 B - 368 A ) 7 B ifo i it SLe91ER -
{2 7T Mg /bR ey AT -
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Investigations of CoFeB/MgQO/CoFeB Magnetic Tunnel Junctions by TEM and
Electron Hologaphy
(CoFeB/MgO/CoFeB # % E & W& EHE T2 LK)

TIAN Huan-Fang (& # %), YANG Huai-Xin (#5#% £), MA Chao (&#2), LI Ying (% %), LI
Jian-Qi" (£ )

Institute of Physics Chinese academy of Science, Beijing 100190, P R China
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U MgO AR MR ELEFE AN T RH T AaEA TR R B P LR
BT RRAARN 2] BRMINEBER  BXARERABELHHTHLTEETES
YEF 0 3R KR B AUE T 3E 60496[3] o AR AILA > B KT & B TAEY
iR R RN B K TUARZEEM - AXEZHA SO E T BRI
KT RAAE KBRS G@EEELEMERETE AAETFLATEMR THZER/EL AL
BRI EGIHER  ERNSH TN EMEERRERYGBE -

%38 4 % )8 B &4 % Ta(30 nm) /CoseFeso(3 nm) /IrMn(15 nm) /CosoFeso(2 nm) /Ru(0.8 nm)
/CosoFes0B2o(3 nm) /MgO(1.2 nm )/ CosoFesoB2o(3 nm) /Ta(10 nm) /Ru(5 nm) - & 1 afu 1b 4-3] &
HERfR KB BRSG HRTIEM & - #B FT A S > £HEEHLSE T - CoFeB REE
BEIZABRTWEHE BREBR LNk CoFe B A% Rtttk > MgO 3% & 4,72 5 H#R
84 B3 % > CoFeB v MgO X R &9 tb s - 2424838 380°C B k4% » thau @ &)
b K78+ TAEF CoFeB /& ~ CoFe {73 & v CoFeB & EAR4E A T MM BILRE - E— &
L3R £ T A48 % CoFeB B v tMn & 2 ey sita ZAER > A2 RIFE94THER - ERER R
B RKRIZARMPE T CoFeB/MgO/CoFeB # & t /- @ f= CoFeB EiastE » i
£ Hey) TMR {4 -

[ 2a #fu 2c % CoFeB/MgO/CoFeB [ & & # ## f& (a)Fv iR K& (c)pyfa 1Ll - B+ 2 &
i EMOHER - LEAHERNI T —E—TEEHG&TH (LEL A S0Pixel) 7T
AR AR ey ot se (B 2bAw2d) - B 2b et gt d 288~ MgO & ffalty CoFeB & 1548
o MgO # &8 A ey > M A CoFeB fv MgO 2 N @A B4 » HERNEELNA
4nm e HE2d FTRES > AAEHAEEELS > B RAGAMELESE R T MgO 3%
J& > Ru g4 & shAR A #AL £ BABE T ; CoFeB TARay #4348 # 7 MgO $ & R AT »
i B w18 CoFeB J& #-F % - i — & RN R K44 CoFeB Fu MO % & & 2 R 742 7AW 64
& o i& — 4 1bfo CoFeB 84 LA B - & HRTEM & R A A —% -
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TEM investigation of interface between non-polar ZnO and LaAlO;
Wei-Ling Wang, Yen-Tang Ho, Li Chang(7k 3L)

Department of Materials Science and Engineering, National Chiao Tung University(X 18 A BH ML H T £ 7),
Hsinchu 300

Non-polar ZnO films were grown on (001) and (112)LaAlO; (LAO) substrate by pulsed laser
deposition. The structure properties of the non-polar ZnO films were investigated in detail through
using transmission electron microscopy (TEM). According to the results of selected area diffraction
patterns in cross-sectional TEM (XTEM) and plan-view TEM (PVTEM), ZnO grown on (001) and
(112)LAO substrates, respectively, form in a-plane and m-plane orientations.

For a-plane ZnO on (001)LAO, the ZnO film consists of two in-plane orientations which are
perpendicular to each other. The crystal orientation relationships of ZnO deposited on (001)LAO
substrate can be identified as [0001],., // [110],,, and [0001],,, // [110],,, , With
(0001) 6, //(1100),,,; - In the correlation between a ZnO domain and (001)LAO substrate, LAO
has an in-plane translation period of 5.361 A (x/?jaLAO) along [110],,, which can nearly match
with ZnO in 5.206 A along [0001],,, and 5.627 A (\/gaZno) along [1100],,. Based on the
observations in high-resolution (HR) images in PVTEM, most of ZnO domains coalesce to form
inversion domain boundaries and twin boundaries. The inversion domain boundaries can be
unambiguously defined as m-plane (1100) . From PV-HRTEM image and its Fourier
transformation pattern, the twin boundaries extend along r-plane (1102) . However, r-plane twin
boundary is found to be an incoherent twin boundary because of the effect of strain and distortion in
7ZnO lattices.

The crystallographic orientations of m-plane ZnO grown on (112)LAO are verified to be
[0001],,, //[110],,, and [1210],, //[111],,, without other oriented domains. For the
adjoining behaviors of interface in ZnO/(112)LAO, the in-plane translation periods of LAO surface
are 2.681 A (a,,,/~2) along [110],,, and 6.577 A (ay,,/cos54.8) along [111],,, which
can match with ZnO in 2.603 A (c,,/2) and 6.498 A (2a,,,), respectively. As exhibited in
HRTEM image viewed along the zone axis of [1210],,, , basal stacking faults (BSFs) with the
displacement of a/6 <2023 > are found to generate from the interface between ZnO and
(112)LAO. A BSF appears to elongate the mean distance between two misfit dislocations for about
two times. On the other hand, the appearance of BSFs is able to release the strain caused by lattice
mismatch between ZnO and LAO. It is evident that BSFs can not only form after growth accident,

but also generate for the strain relaxation at ZnO/LAO hetero-interface.

38



Fabrication and Characterization of ZnSe Nanostructures and Related Interfaces
(ZnSe &1k #H R A\ oy B 5 8 2
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@Y% ZnSe A BN HEHA N AEHESFRESBLEH  RARR > HAFE
TEEP AR TSR LEHEL - T4 e 90 K4 0 RN PI4EHE ZnSe £ H ey B L —4&
BRFEREHERCEY > Af > ENHHREAERE (LA GHM) OFL  #IF
ENPASEE ZnSe AR EH ZHHZF TR TAEXFL - Bk > JofT# 435 5 E 49 ZnSe
MM ERBHRAN BAE  FEHAHRIN R OMEBETRARRL  RABRLETR
FMEATR A RO ETEZ — B PI4EE i85k ZnSe BA + o B ERTE - 2d
P AB M BASHR A AR A R S B AEF G o 1258 8Pk ZnSe 47 B K 24848 69 45 AR
R+ HEL - Bk KPR S A% ZnSe MR MR EES R B RBUASTRENEST
$HAERBEN G FHA TEMBLETALAE AXEORERZ LT T A

HBERMIEASR > aARNBRG N EREHIMESRO TEHABET TR - B 1 4
HT B —3n > ThEEREREFINEHBEHE (D) RIAKBET- 5T 3
AR RARE BARAR MR Ty 0 SR RAK PSR R AZBE T T8 - G484
0P RRR Pu(Di&RNEE R P(T) » SREEARRBLRFRIORIZE T - BT
REHRERGIEAE K - (2) 8§ T<l RIEHFERTRRERER - biF - AR AR
JE P3RS > & P ANEERE % P 05 - Ostwald’s step rule 433|742 » & E 2k 4245
SERR DA B R R RAEAT

AR ElAH AT RTTHESR T EEERAL A-DEAG FETRAC(E 1)
TR HHEToRER 9K E > SR Iafe = B4R - ZnSe #y5K 4% (B 22) R+4¥4— - &
FRisenE Rae s EBA—k— B (VLS) #4414 Au BBk e B T L[] a A EmmR -
AHBEBEBRRERERPRSERBE  RARELeRE (B 2b) ook (B 2c)
M EZ g tEan - BE[0110]F &4 R IEIRIFO0001]64&EGE < - FEI5H
MR Gokhd—BRARNMERRARESEEEREHAn AT ARER R EOES
BEH > MERKESRAETLEEM RALSAEL RGBT HELEBRAES > TrREAREE
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LR DEABERRRIRBEREN K E— S RIARTEELRETTEHMEL BFT
ZnSe = &4k (B 2d) 2471882 & T 74747 (SAED) %&¥A ZnSe = &4k FTeyie—F
Meih B b ISP FRRMEB{01T3) 2 B HE (B 2) BETRIALELE
B ST ATHE ©

FrEASRARL > BBREEESRERES T InSe 4% & 43K 7L ZnSe 435K R
¥ o AR TEM $dE AT TRABE - B2 > BiBA - 535 F5 5 U R 4 748 SAED %
SR TELRE R R TR TS AT TELEEMOLBERG M4 - %A
ERRETITERINAELESITH N EEBHARE THASERHNRFE<UNI>F G ayait - 8§
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Characteristics of TiVCr and TiVCrZrY films prepared by dc
magnetron sputtering

D. C. Tsai and F. S. Shieu(# & 5%).

Department of Materials Science and Engineering, National Chung Hsing University, Taichung,
Taiwan 402 (7 BA £ #HFHEBETEEZ)

TiVCr and TiVCrZrY alloy and nitride films were deposited on Si wafer by dc
magnetron sputtering. Effect of the rf power ranging from 0 to 25 W and N2 flow
ratio (RN) ranging from 0 to 100 % on the microstructure and characteristics of the
films was investigated in detail. Results indicate that the deposited TiVCr and
TiVCrZrY alloy films exhibit body-centered cubic (BCC) and hexagonal
close-packed (HCP) crystal structures, respectively. The TiVCr and TiVCrZrY nitride
films show sodium chloride type (NaCl) solid solution structure. When applying a
moderate rf power of 5 W, it was observed that the structure changes from a porous
columnar microstructure to a large-sized columns with no micro-voids. When the rf
power was further increased to 15 W, a fully dense and equiaxial microstructure was
obtained. However, when the rf power is 25 W, the films peels off the substrate due to
excessive residual stress. When introducing more nitrogen gas, the original porous
columnar structure with the pyramid-like surface features is gradually substituted by
dome-shaped grains. A clear correlation between the void density and the physical
properties of the films can be drawn. The void density decreases with the bias voltage
and RN, which, in turn, improves the mechanical and electronic properties of the
films. When the rf power is 15 W, the TiVCr and TiVCrZrY alloy films showed the
highest hardness of 11.2 and 13.95 GPa and the lowest resistivity of 7.72x10-5 and
1.02x10-4 Q-cm, respectively. When RN=100 %, the TiVCr and TiVCrZrY nitride
films revealed he highest hardness of 15.06 and 17.49 GPa and the resistivity of
3.33x10-3 and 4.28 Q-cm, respectively.
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A-C TiVCr alloy films deposited at substrate biases of (A) 0 W, (B) 5 W, and (C) 15
W. D-F TiVCrZrY alloy films deposited at substrate biases of (D) 0 W, (E) 5 W, and
(F) 15 W. G-I TiVCr nitride films deposited at RN= (G) 33 %, (H) 66 %, and (I) 100
%. J-L TiVCrZrY nitride films deposited at RN= (J) 33 %, (K) 66 %, and (L) 100 %.
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The origin of perpendicular magnetic anisotropy in ultrathin Co/Pt
multilayers

Chyun-H. Su?, Yung-Ruei Shiu®, Shen-Chuan Lo( % % 2+)°, K.-W. Lin®, and
H. Ouyang( Bk #%)
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FE @ T # %), Taichung, Taiwan 402, R.O.C.

b) Material and Chemical Research Laboratories and Nanotechnology Research Center, Industrial
Technology Research Institute(T # & #75F % /%), Hsinchu, Taiwan 310, R.O.C.

¢) Department of Materials Science and Engineering, National Tsing Hua University( ;& £ A ZH ##
L 1 £ %), Hsinchu, Taiwan 300, R.O.C.

As individual layers in Co/Pt multilayers become thinner the role of surface and
interface properties can dominate the bulk magnetism. It has been observed that a
perpendicular interface contribution to the magnetic anisotropy can rotate the easy
magnetization direction from within the film plane to perpendicular to the film plane
when the Co thickness is below a critical value that is in the range of (sub)nanometers.
In this work, mixed CoPt phases consisting of disordered fcc CoPt and ordered L10
CoPt, were found to be responsible for the perpendicular magnetic anisotropy (PMA),
as shown in the plot, for the film deposition End-Hall voltage (Ven) equal to 140 V.
However, the interfacial hybridization between Co and Pt can be the origin of PMA,
for the Vgg of 100 V, by lowering the interfacial energy. Estimates of
mechanisms that could be responsible for the PMA such as “orange peel” coupling,
exchange bias and magnetostriction indicate that they are too weak. We believe that
this PMA is driven by the negative heat of mixing and relatively unstable interfacial

structure as the thickness of Co is below 1 nm.
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Atomic Structure of the As-Sputtered Ge,Sb,Tes Amorphous Alloy
(B4t Ge,ShyTes JF &4 H) R TEHAR)

ZHANG Lei 3k &) » HAN Xiao-dong (8 R) » ZHANG Ze (& %)

(Institute of Microstructure and Property of Advanced Materials, Beijing University of Technology,
Beijing 100124, P R China )
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In the 21 century, the demanding of high capability of data storage is increasing
day by day. Especially, with the rapid development of multi-media techniques, high
speed and high density of data storage memory techniques are highly desirable. For
the optical storage, the standard 4.7G bit DVD disc could not meet the rapid
requirement increasing of next generation data storage. As a candidate of next
generation storage technology, the rewritable digital versatile disk-random access
memory (DVD-RAM) has been developed based on Ge-Sb-Te thin films. However,
one of the most important scientific questions is remained unsolved: the amorphous
structure of the record thin film has not been completely decoded.

We investigated the structure of the as-sputtered amorphous Ge-Sb-Te
20nm-thin film using conventional selected area electron diffraction (SAED) and the
total pair distribution function g(r) which was calculated from those SAED data. A
theoretical Reverse Monte Carlo simulation (RMC) was carried out to deduce the
simulated partial g(r)s. The results revealed that Ge-Te and Sb-Te were the majority
nearest neighboring bonds. Sb-Sb and Te-Te distances in the first coordination shell
were consistent with their crystalline counterpoints. The analysis of band angle
distribution suggests that Ge atoms also form a structural unit, in which the angle
distributions were the same with tetrahedral configuration. The most probability of
angle distributes at about ninety degrees. The detailed atomic structures according to

the angle distribution are constructed.
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Characterization of Fatigue Behavior and Microstructure for
Cu-based Glass-forming Metallic Thin Film

Rong Tan Huang(3% % % ),* Zhe Zhi Liang(Z % 3%),* and Jinn P. Chu**

* Institute of Materials Engineering, National Taiwan Ocean University(#E A BH# T #27),
Keelung, 20224, Taiwan
** Department of Polymer Engineering, National Taiwan University of Science and Technology, Taipei,

106, Taiwan

Glass-forming materials with relatively high thermal stability and low critical
cooling rates have attracted great attentions to the fundamental and applied research
due to their potential use in engineering applications. These materials in bulk form, or
so-called bulk metallic glasses (BMGs), are known to possess distinctive properties,
including extraordinarily high strength, high thermal stability, and excellent wear
resistance [1-3]. Thus, the deposition of thin glass-forming films onto structural
materials to enhance the fatigue behavior is of great interest for scientific studies. The
glass-forming metal films, Cus;Zr,4HfjgTi; and Cus;Zrs;Al3Nig (atomic percent,
at.%), deposited respectively on the two substrates of 316L and Ni-based alloy using
magnetron sputtering, have been investigated by using high resolution transmission
electron microscopy (HRTEM) coupled with nanobeam energy dispersive X-ray
spectroscopy (EDX). The as-deposited specimens were first proceeded fatigue test.
Accordingly, the fatigue strength and life of the specimens coating with one of the
two glass-forming metal films are all clearly better than the specimens without
coating any glass-forming metal films, as shown in Table I. To clearly study the
relationship of fatigue property improvement and microstructure, these specimens are
divided into two groups: I). Two different substrates, 316L and Ni-based alloy, coated
with the same 200 nm Zr4;Cusz;Al3Ni film, respectively; II). 316L substrate coated
with a 200 nm Zrs;Cus;Al;sNig and Cus;Zr4HfgTi; film, respectively. From the
analysis of cross-sectional and plan-view TEM images, group I shows the same
microstructure, i.e. amorphous matrix surrounding crystalline grain. However, the
316L substrate shows a thicker interface layer (~ 5 nm), as shown in Fig. 1(a)&(b). It
seems to be an oxygen-rich interlayer from the nanobeam EDX analysis. Expectably,
it could make 316L substrate surface roughness even smoother. It will be beneficial to
enhance the adhesion of film and results in showing a better fatigue property
improvement. For group II, it shows the same thickness of oxygen-rich interlayer.
There is also no apparent difference of the nanobeam EDX analysis across interface
layer for the two specimens. Nevertheless, Cus;Zr4HfisTi; film shows the
microstructure, made up of amorphous matrix surrounding nano-crystal, but the
microstructure of Zrs;Cus;Al;sNig film, was composed of amorphous matrix
surrounding coarse crystal, as shown in Fig. 2(a)&(b). Since the coarse crystal would
be subject to the “transgranular” behavior; on the contrary, the nano-crystal could
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Ormation of Long Period Stacking Structure in Mg-Gd-Y-Zn Alloy
Heat Treated at 400°C
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Institute of Microstructure and Property of Advanced Materials, Beijing University of Technology,
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Application of TEM in the Semiconductor Industry
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Abstract

Over the past 30 years, Transmission Electron Microscopy (TEM) has evolved from a research
tool to a combination of research and failure analysis tool in the semiconductor industry. In this
work, the main uses and challenges of TEM in the semiconductor industry will be discussed.
Introduction

In the modern day semiconductor industry TEM is used in different roles: materials
characterization in the research and development (R&D) phase, monitoring and metrology during
production and finally failure analysis to resolve yield and reliability problems during qualification,
product ramp and to handle customer returns. Each one of these areas requires a different mode of
operation and has different demands on the skill set of the TEM laboratory.

Independent of which role it is playing in the semiconductor industry one key feature of
industrial mode of TEM usage is the need for rapid turnaround time. Instead of providing a TEM
result in two weeks, nowadays it is routine to provide 24-hour TEM turnaround and it is not
uncommon for TEM results to be provided a few hours after the samples are submitted to the
laboratories.

Another notable difference between performing TEM work in the semiconductor industry
compared to TEM work done in academic institutions is the requirement for TEM laboratories in
industry to “hit” specific features or locations, this need is present even during the R&D phase.
Thus, the semiconductor industry has been one of the main drivers of site-specific TEM sample
preparation techniques including site specific dimpling and ion milling techniques [1], the wedge
technique using the tripod polisher [2], culminating with the use of focused ion beam (FIB) systems
dedicated to the preparation of site-specific TEM szimples [3, 4].

TEM As A Materials Characterization Tool in the Semiconductor Industry

The more traditional use of TEM in R&D in the semiconductor industry is to use it to perform
materials characterization, especially when new types of materials are involved such as the
introduction of Cu interconnects and low-k dielectrics in the 0.13um technology node, the
introduction of SiGe stressors in the 45nm node and the introduction of high dielectric constant gate
dielectrics and metal gates in the 28nm technology node.

Some of the more challenging applications that currently need to be addressed by TEM or
other techniques include strain measurement with high spatial resolution, dopant profiling for
ultra-shallow junctions, and high spatial resolution chemical analysis.

Adding strain to an integrated circuit (IC) device can improve the performance of the device."

For example, adding compressive strain to the channel region of a p-type transistor improves the
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performance of the device. However, measuring the local strain in a 45nm transistor is a challenge
due to the small geometries involved. Attempts have been made to use different techniques to
address this problem including convergent beam electron diffraction (CBED) [5], electron beam
backscattered electron diffraction [6] and nano-beam diffraction (NBD) [7]. As of now, NBD

shows the most promise in terms of spatial resolution (Fig. 1).
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Fig. 1: NBD results of a device showing changes in strain in X- and y- directions generated by SiGe
stressors.

Two-dimensional dopant delineation has been studied for many years [8]. Unfortunately,
most techniques are only suitable for qualitative measurements and are frequently not reproducible.
Furthermore, p-type dopants are especially difficult to delineate. A newly developed technique

using well-controlled electrochemical etching has been used to delineate junctions successfully and
reproducibly.

Fig. 2: Chemical junction delineation showing problems with LDD implant in NMOS probably
caused by presence of a particle during implantation.
TEM As A Failure Analysis Tool

One of the most challenging tasks for TEM in the modern semiconductor company is failure
analysis. Unlike ramp-up yield-related problems, there are very few failing samples and
localization of the area of failure is very difficult. Thus, one of the techniques being used more |
and more frequently is to use plan view TEM to identify defects that could be the cause of the
failures and then prepare cross-sections of these plan view TEM samples to understand these

defects better and to confirm that they were in fact responsible for the failure (Fig. 3).
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Fig.3a: Plan view TEM used to identify likely cause of a failure. Fig.3b: Cross-section of the
sample shown in Fig. 2a showing a “piping” defect.

The most common method of preparing these TEM samples for 3D observation is very
elaborate involving first preparing the plan view sample by conventional means or by FIB thinning
and lift-out, examining the plan view sample in the TEM, identifying the area of interest and
marking it, then gluing a support film to the bottom of the plan view sample, thinning the
cross-section with an FIB and finally lifting the cross-section lamella out. The whole process can
take 5 to 8 hours. A newly developed method used to produce the results shown in Fig. 3, reduces
the sample preparation time down to 3 hrs or less.

Summary

TEM laboratories in the semiconductor industries are continuously challenged with demand for
quicker turnaround, smaller dimensions and new materials. However, new innovative techniques
are also being developed to address these challenges.
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Advanced Nano-electronic TEM analysis, challenges and applications
E e
B EFBRGF RA ], Htf

Versatile TEM applications have been widely applied in novel materials study and process
development with the aids of FIB sample preparation techniques. Owing to atomic resolution
capability, TEM analysis is known to be the most powerful tool for nano device/materials research
among all kinds of microstructure study. Sample preparation is thus the key to make successful
imaging of the targeted features.

In this lecture, excellent demonstration has been realized in ICs, CMOS image sensor, solar
cell, TFT-LCD, LED, laser diode, MR-head, DVD, organic materials, magnetic nano powders, and
carbon nano tube. The challenging skills include precise cutting of ultra-small feature size (<45nm),
deep and long trench of large view size (>10um x 30um), uniform thinning of huge size features
(100um x 150um), proper material choice of protection layer before FIB cutting, and multi-layer
stacked structure with different FIB sputtering yield (FIB cutting prints). Currently, supporting
* methods, such as mechanical polishing prior to FIB cut and thermal evaporation coater/metal
sputtering/spin-on-glass, have been employed to solve the fore-mentioned issues to some extent as
complementary alternatives to FIB techniques. Innovative system design of FIB is still mandatory

to establish an all-in-one process and to improve sample quality and shorten the working time.
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TEM sample preparation by FIB cutting
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A Novel Preparation Method of Mechanical polishing for Cross-sectional TEM
Specimen with 10 nm Thickness
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The need for cross-sectional preparation of materials for transmission electron microscope
(TEM) study is always great because both thin films and interfaces of the coated materials can be
analyzed and photographed down to the atomic range with this method preparation [1].
Nevertheless, this method is normally very time-consuming and/ or expensive, e.g. focused ion
beam technique [2]. Therefore, the development of more effective methods is always one of aims
for TEM sample preparation. In general, the objective of TEM sample preparation is to create an
electron transparent region containing large thin area of feature interested without contamination
and artifacts. Hence, the TEM sample thickness of electron transparent is usually smaller than 100
nm and even thin to 20 nm for photographing the atomic level image. In this report, based on wedge
technique [3], a newly developed preparation method called optic four-point adjustment method
referring to the operated process of regular optical microscope is used to prepare high quality TEM
sample with large thin area and very thin thickness. Figure 1 shows operated process of the optic
four-point adjustment technique. To make a cross-sectional sample, a piece of thin cover glass is
glued on the surface of the specimen to protect the feature of interest. The sample is then mounted
on the holder for first side polish. The holder is placed on the stage of an optical microscope. The
cross-section line can be adjusted by turning the two adjusting screws. Meanwhile, when the holder
is lain on the stage of an optical microscope, the planar surface also can be adjusted by turning the
two adjusting screws to focus four-point, as shown in Fig. 1(a), (b) and (c). For the second side
polish, the optic four-point adjustment method is also used to prepare a very plane region.
Consequentially, the resulting TEM image of copper dual-damascene structure with six metal layers
was shown as Fig. 2. Besides, a so-called three-dimensional (3D) TEM, which refers to the
examination of the same feature in TEM from two perpendicular directions, is used to verify that
the TEM sample thickness is thin up to 10 nm. The cross-sectional TEM sample with Cu grid is
then mounted on small piece of silicon wafer with epoxy. Subsequently, the regular optic four-point
adjustment technique is applied again. As shown as Fig. 3, the sample thickness smaller 10 nm is
successfully prepared and the depth could be reached to 900 nm. The details will be presented in the

conference.
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Fig. 1. The schematic procedure of optic four-point adjustment method. (a) The holder is lain on the
stage of an optical microscope, then the planar surface also can be adjusted by turning the two
adjusting screws to focus four-point of (b). (¢) The corresponding OM image of (b).
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Fig. 2. The TEM image of copper dual- damascene structure w1th 51x metal layers
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Fig. 3. A so-called three-dimensional (3D) TEM, which refers to the examination of the same
feature in TEM from two perpendicular directions, is used to verify that the TEM sample thickness

is thin up to 10 nm.
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The latest development of 3D tomography for soft materials
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In the soft materials science, it is known that the inclusion of 10 ~ 100 nm order scale
influence the characteristics of materials. Tomography in transmission electron microscopy is
powerful for the analysis of three-dimensional(3D) structure of such materials. Structural analysis
of those materials needs thick sample to involve these. However, the dynamics of scattered
electrons inside the thick specimen is so complicate that the optimal condition for observation of it
is uncertain. In this study, we compared bright field transmission electron microscopy (BF-TEM),
bright field scanning transmission electron microscopy (BF-STEM) and dark field scanning
transmission electron microscopy (DF-STEM) as a tomographic imaging method for such thick
sample.

We employed an acylonitrile butadiene styrene (ABS) resin. The ABS resin was stained by
0s04 vapor to enhance the contrast and then microtomed for 3D observations. The thick section of
ca. 1 um thick was transferred onto a Copper grid with polyvinylformal as a supporting film. Prior
to the tomographic observations, 40-nm-sized Au particles were deposited on the sample as markers.
The tilt series of the electron images were taken with 200 kV TEM/STEM (JEM-2100). The pixel
resolution was 4 nm resulting in the effective focal depth of 1.6 pm, which is substantially larger
than the sample thickness. The detection angles of BF- and DF-STEMs were 6.5 mrad and 150
mrad, respectively. All reconstruction procedures were carried out using a software:“TEMography”
[1].

To evaluate reconstructed tomograms by BF-TEM, BF-STEM and DF-STEM, we compared
images sliced from their volumes at three heights, i.e, near the top, at the middle and near the
bottom of the volume. The images from BF-TEM show almost the same degree of blur at three
heights. The reason for the blur is considered to be a chromatic aberration due to increase of energy
spread of image forming electrons, orginated from inelastic scattering. Analysis on the sliced
images of STEMs shows that the spatial resolutions decrease continuously from the top to the
bottom of the volume. This related to the electron beam broadening caused by the
multiple-scattering of the electrons passing through the specimen. The broadened width estimated
from the blur of the sliced image accords with that predicted by a theory [2]. The spatial resolution
of DF-STEM tomograms tends to lose faster than that of BF-STEM, since the electrons within the
small detection angle have lower probability of multiple scattering than those in large angle. From
these results, we conclude that the BF-STEM with small detection angle is advantageous for
tomograms of thick specimen.
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The Development of 3D TEM/STEM Tomography in ITRI
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TEM is an important tool to study the microstructure of materials. In the past decade, several
hardware such as new field emission electron guns, aberration corrector, monochromator has been
developed with sub-A image and sub-eV energy resolution. However two-dimensional (2D) image
projects from three-dimensional (3D) object will loss the information along thickness direction of
sample. With recent developments of electron tomography, TEM tomography is becoming a
powerful tool for visualization of nano-structure in 3D space in biology, chemistry and materials
science [1]. Using conventional TEM samples and specimen holders, a tilt may be reached beyond
which the sample is too thick. A ‘missing wedge’ information will be occur and reconstructions can
be elongated in the direction of missing wedge. Basically, there are two method to overcome the
missing wedge problem, one is dual-axis method, the other is rod-shape specimen method.[2,3]

. In this report, a dedicated home made complex holder for 3D Tomography will be presented in
this conference (Fig.1). This complex holder is designed for UHR mode FETEM (model: JEOL
JEM-2100F) with pore piece around 2mm, and the throughput of sample preparation using
FIB-based method will be speed up two times [4]. The rod-shape specimen has been fabricated
using DB-FIB without surface amorphous layer as shown in Figure 2. A JEOL JEM-2100F electron
microscope equipped with Gatan multi-scan CCD was used for 3D TEM/STEM tomography. The
preliminary results of tilt series images were recorded at tilt angles ranging from +75° to -75° ina 1°
step with automated controlled function. The tilt series alignment and 3D reconstruction were done
with program developed by JEOL System Technology Co., Ltd [S]. Finally, commercial Avizo™
software was used for 3D model visualization. Figure 3 is the HAADF image of the PCM device in
rod-shape. This kind of specimen can be reach to +90 tilt degree (this paper now is +75) without
any missing wedge and geometry elongated problems. Figure 4 presented the reconstructed 3D
model of rod-shape PCM device. The preliminary results showed that the detail 3 dimensional PCM
microstructure can be resolved with less missing wedge but no geometry elongated problems. We
will keep going to modified our TEM facility to reach 90 tilt degree and the detail results will be

presented in this conference.
Keyword: electron tomography,.missing wedge, dual-axis, rod-shape, complex holder
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Fig.1 The dedicated home made complex Fig.2 The rod-shape 3D TEM specimen with
holder for UHR mode TEM. surface amorphous free for full 3D tomography

Fig.3 HAADF image of the rod-shape Fig.4 3D visualization of the rod-shape 3D
3D TEM specimen. ‘ TEM specimen.
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Resolving the Individual Carbon Atoms of Graphene Monolayer by REW Software
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Dynamic observation of wet specimen in Electron Microscopy or X-ray
Microscopy using Wet-Cell ‘
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The purpose of this research is to develop a wet-cell sealing the specimen in a liquid
environment to carry out living cells examination under X-ray or electron-beam Microscopy. This
device fabricated with MEMS technology can be used in conventional TEM holder directly, need
not install any hardware additional.

Transmission X-ray microscopy or electron microscopy provide very high resolution images
(in nm) on material study. However, to apply these powerful tools for cell observation under their
nature conditions, it is important to seal the wet bio-samples in a shallow chamber (wet-cell) with
special shielding mechanism for reducing radiation energy loss, preventing liquid evaporation, and
decreasing energy absorption during the observation in vacuum or atmosphere environment. As a
result, there have been two type wet-cells developed in the past years, including open and close
ones [1]. In the open type wet-cell, very complex aspiration/circulation system and tedious
process were adopted to isolate the top and bottom open windows from vapor leakage [2]. This
system has been employed to study microbial reduction of Cr(VI) in bacteria in a environment cell
transmission electron microscope (EC-TEM) [2]. On the other hand, close type wet-cell was also
developed by simply gluing two bulk micromachined chamber of silicon nitride membrane for cell
study inside cryo scanning transmission X-ray microscope (CSTXM) [3] or TEM [4]. However,
challenges including tedious alignment/package process, liquid leakage issue, and chamber
charging/heating problems were still left unresolved. As a result, a new type MEMS wet-cell is
developed for circumvent the aforementioned issues.

The design of the MEMS wet-cell is shown in Fig. 1. This wet-cell combined two
complementary compartments fabricated by bulk micromachining process, which allows self
alignment for chamber engagement and gap control (in pm range) between two 50 nm thick silicon
nitride membrane, very important for X-ray or electron beam penetration (Fig. 2). To reinforce the
membrane and release the charge or heat generated by the X-ray or electrons and absorbed on the
wet-cell, metal grids were fabricated on the membrane surface. Due to elongated sealing path on the
inclined surfaces between two frames and glue stop mechanism at the end of the incline surface, the
MEMS wet-cell can provide better sezﬂing capability without liquid leakage for more than 24 hours
and easier alignment/package process than those of the prior works.

To verify the performance of the wet-cell, 100nm polystyrene beads (PBs) and 500 nm silver
nano particles (SNPs) were first suspended in DI water and then dropped into the wet-cells. The
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images were acquired under 100 keV in TEM and SEM for PBs and SNPs, respectively, as shown
in Fig. 3 and 4. The low contrast in Fig. 3 was resulting from the light atoms in PBs, while Fig. 4
gave a very clear image of clustered SNPs. Brownian motion was also observed dynamically for
500 nm gold nano particles inside TXM (Fig. 5), and cell viability test was also performed for
living cell in wet-cell inside TXM environment for at least 60 seconds under 8keV X-ray radiation.
Fig. 6 shows the optical images of the cell before and after the radiation and reveal reasonable cell

living condition.
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Figure 2: Diagram of the WetCell application in TEM and SEM
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Figure 5. TXM Images of the Brownian movement of 100nm PS and 500nm gold particles mixed
solution.

Figure 6. Optical Microscopy Images of HeLa cell before (left) and after the 8keV X-ray radiation
(right) for 60s inside wet-cell.
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Spin Detection with a Low Temperature Scanning Tunneling Microscope1
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A magnetic impurity in a superconductor breaks the time-reversal symmetry and induces low
energy bound states in the superconducting gap [1~3]. Probing the response of superconductors to
magnetic impurities has been one of the important methods for revealing the nature of the
superconducting pairing [4]. On the other hand, the intra-gap states offer a sensitive mechanism to
detect the spin states of the magnetic impurities. The magnetic impurity-induced bound states in a
conventional superconductor were previously observed in a scanning tunneling microscopy (STM)
study [5]. The tunneling spectra in the experiments reveal an enhancement of the density of the
excitations within the superconductor's gap near the magnetic adsorbates. However, it remains
challenging to make use of these intra-gap resonances in analyzing the spin states of adsorbates, in
part because of the insufficient energy resolution. For example, the splitting of the intra-gap states
induced by magnetic coupling between impurities is typically one order of magnitude smaller than
the superconducting gap and cannot be easily resolved by an STM.

In this work, tunneling spectra for individual atoms and dimers of Mn and Cr adsorbed on
superconducting Pb thin films (see the schematic in Fig. 1(a) and Fig. (b)) were measured by a
sub-Kelvin temperature scanning tunneling microscope. Multiple-resonance structures within the
superconducting gap on the adsorbates were resolved and interpreted as the magnetic impurity
induced bound states associated with different scattering channels (Figs. 1(c)-(f)) [6].

The experiment demonstrates a spectroscopic approach to characterizing the spin states of
magnetic structures and exploring the competition between superconductivity and magnetism at the
nanometer scale. The present method can be applied to various systems, ranging from transition
metals to rare earths, on a superconductor, which is not necessarily to be Pb, as long as the local
magnetic moment of the adatom is not quenched and can create bound states in the superconducting
gap. We expect that the present experiments will also motivate further theoretical studies and
stimulate more measurements, such as on the quantum phase transitions associated with multiple
impurities

The work was carried out in collaboration with Xi Chen, Xucun Ma, Jinfeng Jia, S. H. Ji, Y. S.
Fu, R. Wu, T. Zhang, P. Cheng, and Wenhui Duan, under financial supports from National Science
Foundation and Ministry of Science and Technology of China.

E-mail: gkxue@mail.tsinghua.edu.cn
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Fig. 1 Single magnetic atom induced bound states in the superconducting gap of Pb thin flms. (a)
Schematic and (b) differential conductance of the S-S tunneling junction. (c)-(f) Topographic
images and normalized dI/dV spectra of single Mn and Cr atoms at 0.4K. For a Mn atom (c), the
four peaks at energies of -2.35 meV, -1.84 meV, +1.86 meV and +2.47 meV, correspond to the first
two angular momentum channels, respectively. For a Cr atom (e), the bound states are evidently
different and six peaks (f) were detected at energies of .44 meV, -1.92 meV, -1.49 meV, +1.49
meV, +1.89 meV and +2.38 meV, respectively.
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The rich structure of bright and dark surface-plasmon (SP) modes localized in individual and
coupled Au nanoparticles is unveiled by electron energy-loss spectroscopy (EELS) performed in a
scanning transmission electron microscope (STEM) equipped with a monochromator [1],
STEM-EELS. Spatially-resolved STEM-EELS maps of SP modes in the ~1.5-2.5 eV range
(wavelengths ~500-800 nm), collected for individual nanorods, coupled nanorod dimers, and
touching nanosphere dimers, are in excellent agreement with theory. SP maps constructed from the
spatially and spectrally resolved EELS signals are shown to mimic rather well the near fields
calculated for external illumination in the case of bright SP modes (i.e., those coupling to external
light). Dark SP modes that cannot be excited by optical means are also found (see FIG. 1), and our
electron probing technique provides further insight into their corresponding spatial distribution and
symmetry, which are not accessible to any other existing techniques. Our results initiate the study of
a whole set of new dark SP modes that should become a source of new applications in sensing and

microscopy, but have escaped experimental scrutiny so far.
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FIG. 1. (a) Experimental STEM-EELS excitations of bright longitudinal, dark, and bright SP modes

in a coupled nanorod dimer (scale bar, 25 nm; inter-rod coupling gap, 8 nm). (b) SP maps

constructed from STEM-EELS excitation intensities. Reproduced from [1].
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Surface Exciton Polaritons in Individual Au Nanoparticles in the Far-UV
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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-A electron probe in aloof (optical near-field)
setup and energy filtered mapping (FIG. 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 A) 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.

FIG. 1. (a) EELS mapping of SP near fields 1
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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The previous investigations of surface plasmons in Ag were largely focused on their excitations
in the visible spectral regime. Using scanning transmission electron microscope with an electron
beam of 0.2 nm in conjunction with electron energy-loss spectroscopy, we spectrally and spatially
probe the surface plasmons in individual Ag nanoparticles (~30 nm), grown on Si, in the ultra-violet
spectral regime [1]. The nanomaterials show respective sharp and broad surface-plasmon
resonances at ~3.5 eV (~355 nm) and ~7.0 eV (~177 nm), and the correlated spectral calculations
established their multipolar characteristics. The near-field distributions of the surface plasmons on
the nanoparticles were also mapped out (Fig. 1), revealing the predominant dipolar nature of the
3.5-eV excitation with obvious near-field enhancements at one end of the nano-object. The unveiled

near-field enhancements are of potential plasmonics and molecular sensing applications.

FIG. 1. STEM-EELS mapping of (a) 3.5-, (b) 7.0-, and (c) 9.0-eV surface resonances in the material
with the contrast maxima signifying the most prominent excitation locations for the given spectral
features. Color scale bar, the linearly normalized image contrast.
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We have recently revisited the conventional understanding in surface exciton polaritons (SEPs)
and established their excitations in materials displaying an otherwise weak excitonic oscillator
strength [1,2]. The existence of SEPs is thus not limited to materials with a sharp excitonic
absorption [3], and the collective nature of SEPs upon weak excitonic absorption originates from
oscillations of loosely defined delocalized excitons, which are correlated with broad interband
transitions in materials (e.g., FIG. 1). The weak excitonic absorption and the associated interband
transitions can be observed in practically all semiconductors and insulators above the band gap,
suggesting the existence of SEPs in the materials. Using scanning transmission electron microscope
(STEM) in conjunction with electron energy-loss spectroscopy (EELS) with an ultimate spatial
resolution of 0.2-2 nm, we have firmly established the existence of SEP (~7.5 eV) in monoclinic,
insulating HfO, upon the weak excitonic excitation, ~6.2 eV, above the optical band gap (~5.1 eV),
FIG. 1. Interband transitions can be found in almost all semiconductors and insulators above the
band gap, and this work could stimulate future interests in SEPs in various materials, where the SEP
excitations may find unexpected optics applications via manipulations of their surface wave fields
analogous to surface plasmons for plasmonics.
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FIG. 1. The real (&) and imaginary parts (&;) of the complex dielectric function of monoclinic HfO,,
displaying a broad, weak excitonic absorption (maximum in &) at ~6.2 eV above the optical band
gap. SEP onset at ~7.5 eV and that for surface plasmon (SP) at ~13.4 eV are indicated by dashed
lines. Gray, STEM-EELS excitations of SEP and SP taken at 4 nm from the surface of an HfO, bulk
ceramic.
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The transmission x-ray microscope (TXM) has been subsequently improved since its first
invention in 1970s. The resolution of TXM was close to tens of nanometer by the great
progress of the zone plate fabrication [1] and the other imaging mode has been develop since a
capillary based condenser [2] was used in TXM with Synchrotron source. [3,4]

Transmission x-ray microscopy (TXM) is able to directly observe the micro-dynamics of
nano-scaled particles suspended in a glassy forming liquid. In order to content the liquid and
wet samples for TXM, we have designed and fabricated an environmental cell which can be
used under normal air pressure and have high penetration depth for 8 to 11 keV x-ray. This
environmental cell in TXM allows the sample can be visualized in the liquid phase and stable

temperature.

The nano-particles in glycerin filled in the wet cell are used to perform the motion
observation. The image is captured with 0.5 seconds exposure time in our TXM system,
however, as shown in the Fig.1. The trajectories of the nano-particles between each frame can
be traced; therefore the motion of the particles can be analyzed. Through measuring
correlation of the collective behavior and local bond-orientation order, we identify the relation
of dynamic heterogeneity and slow dynamics. A temperature control device will be

implemented in near future to help this study.
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Fig. 1: Image (a) to (1) show the typical snapshots of real image with increasing time frames-
(a) 0 sec (b) 10 sec (c) 20 sec (d) 30 sec (e) 40 sec (f) 50 sec. (g) 60sec (h) 70 sec (i) 80 sec (j)

90sec (k) 100 sec (1) 110sec. The gold nano-particles are in the glycerin. The photon energy is
8 keV.

Fig.2 : The outlook of the wet cell for TXM. The transparent region is 1300 pm x 300 pm. The
thickness —the distance between silicon nitride is 85 pm.
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BaTiOsM £ B A RIFNE45M > £ % & M £ E % % (multilayered ceramic capacitors >
MLCCs)y @ E A EZ Y RABME - BEME TR AN ER, AMHSH4eMAL T KA
RAEZ > TRERANEEHN —AMLCCs E469BaTiOs EAHF EA Sébh - B (R +H1EH
K) - BB E E45 - BaTiOME BB A B BT 2L ERER  EEE Y E R G
BrEkmm AR, BT £EBHEH—AMLCCs B4MGMALER - BribSEEY
HRaRBY—REET L AP ARERESNEHERTHY - ERESZHHRHE -

AR KL E 4 TBaTiOs 4K & B#F 50 T 7F Bl K2R JEARAF $BaTiOs &3k &g R
ThRERBAZE (REL B2) $HFHERFRES R @EH 4*%%5}%#%%&/1‘1&%@
EL K 6y AT B i 5 5 A4 3L AR R R~ 69 BaTiOs &9k i 5 M3k A & =B F A KB R EA
A 4F N R~ 55 B & 69 BaTiOs 9y K & (SL4bKIBR RAK-T B 6 iRARABEE ) o L H K&K
4B T K 89 BaTiOs 49 3k & 4h & @4 {100} & @ A7 &L - M {110} & oAk ok Rt ey s
245°7 o ek eyBaTiOssn sk Sk d, 8F THE D £ @ ZMirdr (terrace-ledge-kink ) #9 %
‘&M £ @ (terrace) o £ (ledge) {100} & @ - ARk @& E4# - {110} & @@
T AREF S a{100} & @82 E G mITEHE - MAFKRGBaTIO MK BE&%  BRAR
R EmEREE (B3 B4)-
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B 1 %A AR F Ba/Ti B @ tb ey AT BE 3% K #4 pz BaTiO; 435K 888y TEM B R - #kdk a: BTI
(1:1); b : BT2(2:1) 5 ¢ : BT3 (3:1) ; d : BT4 (4:1) (Bar = 200 nm)

Bl 2 R AKBREANEH4ET A8 BaTiOs #35k & SEM (a~c)fs TEM (d~f) K (ATEERE#
Ba/Ti £ @ Bl & & 3:1) < B B (a, d) © &hKERBTS #55) 5 (b, ) ' -L B bn (B
A 1) BT3 #); (e, ) 4 =8 (BT6 #&) - e ¥ ey35E 4 F18 BT &4 (A
FH AAZE) 9[001] 2B & E T AT4HICAR £ P e94EE A4k sh BT6 %18 BT 43K &4
BEETHTHIEA S TAE S &474 0 @m4s E 5 314E € £(100), (110), (111), (200), Fo
(210) e a~c : SEM B K : Bar=500nm ; d~f : TEM B& /i : Bar=200nm °

B 3 #% & BT1 *@ﬂﬁ%éﬁ?ﬂ*aﬁa%h\%TEMﬁﬁH cBAalxLHFE Bar=20nm);b: Kk
%% Bar=10nm); c>d: #¥}#® (Bar=4nm) °
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Microstructure Characterization and Optical Properties of Au-based
Multi-Component Heterostructrue Nanoparticles

Au X 2@ TE M EBRHBMEERRBRAEHNE)
ZHANG Shu-Yuan(3E & 7t) » ZENG Jie(¥ #) > LIN Yue(4h %) > WANG Xiao-Ping(E 82F)

(Hefei National Laboratory for Physical Science at Microscal, University of Science and Technology of China, HeFei
Anhui 230001 > P R China)
(PEHBREMALHREBFARE » FH 64 230001 > 75 )

Pt ME SR FHRERAMKRBETEH  AFRTIRARBRARZ
B - AXBREFT AuR B EAMKRBRAGRGET 2 RGeh S —ani=ate Au Lk
B &K BR - FB - SRR R BT TR -

B 1 (A-D)& i 498 TEM B > 25 AR R R HE AuRZRGCH A 102 3)RF
t 3 18 CdSe-Au 3%k (A~C) - BB TR > H AuJRER 3 Av » CdSe-Au ¥ Au Bk 3 &
ik o B 1D & B/AE Y 9k B ey HRTEM 1% > Au Bk CdSe # @A & » R 4
% Au{111}//CdSe{101} &K % # » TEM #= HRTEM #y#.3] - CdSe-Au £ 4 #33k &45 84
T BT 67 45 AR o Befe N B RE M - ZAH A Au REZ TR B aRa T —@E
AL kLA —F ik B4 7 PbSe-Au, FePt —Au, Cu,0-Au Fv FePt-CdS-Au % % #&
B R ik

B 2 % i FePt-Au(A), PbSe-Au(B » C)fv CuO-Au(D~F) =4 £ & 43k &40 €T Basig
HEGEFTUAYE » AugEk s PbSe Ak F M REEMIEF7 > A% KA X - FePt —Au &
4RI e 5 298 57K 0 Au Bk R<H A7 FePt fak » &d $ Bk G £ - CuO-Au
B RN BT R P 72 AUER A S B E S o £ CiuO-Au BE S EBR T BRA
AMEHEN CuLO SR LR 2485 38 Au Bk eyR L (B 2D E) > 2R AETHE
# Cu0 M RBREABBEGRHBEAN - KB RFRENGT » B RTHEEH R
FERRFHGOBEERS S ZEHE AUBTHRRKR - BB %8 RAE T 7R CuO 4K
BB ATERYy - B CuyO-Au EE M KER - TREFXLAA > Cu0 k&M EEA LA
FHBRT BRI AvER (B2F) @ —&R2BF TAIMEZEN B X A5 —EEE
A FePt-CdS B 8 #y kBl AT 5edy - R 8 45t = 4708y FePt-CdS-Au B H 49K & 4% -

Bl 3 4 i CdSe-Au £ 4 &3k Fakr #y XPS 48 #35(A) BB (B)F» PL 3%(C) 434k a-d,
Au oy & A o o B 3(A) P4k E HE 2 nm &) Au B EAk  EA AT S E o kP
TR HAuBARK Rk ad oy Cd 4d ERRH K ™ Au 5d BEZRIHEE - RRT
CdSe-Au £ % 44 ¥ WAE 4 7048 Z 45 0AIE 6 e - RPCKFE(E 3B)FTUA S > hET
2 CdSe #hidb a ARABABAGF T TR M - 4£ 555 nm FAHRE —ERIE -
B CdSe ¥ T2 b4 R#) Au B kX BUOB A FOLBUR M R A H &8 R4 M CdSe
BRGE - RECRFEFTE  CRAT LA F TRBRMAE 2R = TILRBEH
B o BRAEME OMEHREANA  MEBRT Auap R EEARFIRTHE - H
Hh d BRUREFK EARALE - FERATSERA G IRAY Lk
AT o8 BRTETRERBHUELOHEE -
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IHER
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Mg-Li-Al-Zn 44 #H UK E 2 BB 2R o+p diaasd > HEARAEZ a8 BL
HEAABERRFEHLSELE T SRAGFR E24Kk ot AIZRRZEHEE2HE
W BBAEAMARE— P BALBAREK 1.6/ EARBREREBEBILMITIH 1.6
fEo B AREFRRTE 48 h BpiE RIE(E - pbaf 44T B K 2~3nm Kk 4 10nm &9/ h AR BEZ AT hi#
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BHOARFERMRLEARKREZSEHERAMI - £ EILERAFRE > TRAZAE
Bziesbs o Mghethimmli- BTEEERMK > Mg-12 mass% Li 642 FERA T
BR4EA A 3/4 A - sbih o Mglib a4 2% M LA BERTHS AR LM HCP
S MRAEAE ST ZBCC &MY  AMARMBENBERR —REHEX RS - 45
R RITE RS SILR I M EF X RIS MgLi &M g *7 o ERF b2
RERBEIEN X - B G RICRE R T R SRR - BEAUALHRK VK
ECAP*% > ]l Rl snfb RIE Mg-Li &M TRBE - K HIRMBE K
£ R E A RERE - Alamo et al”f MgLiAl alloy 2 44 24 # » XA XRD #4 T 3%
tmER R > WA 30 h 2 F B BF B 7T 3 R BT 0 SLEFAT 48 & 0 phase(MgLiAl) » 2 %
BATH 2 A R AR B BB+ 0+a s M BB 2 A8 EALRI A BB+ O+a—p O+t
AlLi o 2k M 47 & 48 X 52 R AE A TEM RIRNBE - AR 0 413 MgLiAlZn alloy 2 % i B
% > Beud XRD 48 248 444 > £ 30 TEM R R M2 5% 0 EmiEn Mgli 44
Z B LA o
2. Bwmuik '

BHELAAERESL AEATREE T RHATHBAIFESR AOBHEZELE
S B A SRR Y > T4 B/ 203.2mm 0 K JE 4 450mm 2 454E o A X MR E NI R
%2 Mg-11.2mass%Li-0.95mass%Al1-0.43mass%Zn o f& 623K 35 E b4 > %@ E & /F E 10mm
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45 5 15 (XRD) ¥ BA S 0 B B AR S5 4% < 15 FI AR AR RIS S R T2 3R 1 X B JE © b 3k
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BAAERIFFEL (BB ER » BREFARBN MR atp HiBa - Fig. 2 HEEK
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H— A7 EEmEERz OM » T4 e 852k 336h B4 A o 4847 8 > M 840h B % > o
ABZ A A o JLBP AR RAT R 0 840h BB R E A — RE X B A o d b 4 0 48
2 4 3 JF Mg-Li 842 %4b48 - sbiE 28 Alamo et al 2 3E 84 F 2 o & 8 K B5ROR B 55 R
Z XRD e 7T 4o 48 h 2 JRUEEF AR AR B IF E — P A8 - sbEFR BB RACE £ 5b 0 47 4 S AbAn AR
J& o B8 2 TEM 547 T 4o B 2 AR AT M iE K 5 %R o /& 840h B85 T R, 94 B8 % 6-phase
A7 o M HKE B B R 3% v > O-phase ¥ % B 88 o F] B85 R, a phase #7 i ° Fig. 5 & REBF %2
TEM - 3$4# 2 &, P-matrix ¥ > Z 3 k) 2~3mm > & 10nm 2 AR H 4 - & SADP » T
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# SADP £ Song 2B EME PR Y HR - EAmwRIEH - EHFTH 3.62A 2 0
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T Btk SRRk 1.6/ 2% ERME 1242 735 205MPa > ¥ T 1.6 4% > dhig
BE - #RA oABZEERICZ AR » TEATHRICE S — B &K o f£ 48 h sfBpig Ru&ed
% 7T R, pre-0 phase 47 th 48 o R MBS 7R B 7T 3 226MPa > thBHAR K F45H 34 % o W e 168h
LA4% 3@ 50 Bl B o-phase A7 8 0 4E 4F Bl 5 38 1k R AR T 58 B2 T [ sbaiAd & % B 53 53 %
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Measurements and characterization with in situ SPM-TEM instruments.
Oleg Lourie
Nanofactory Instruments AB, Goteborg, Sweden

In situ SPM-TEM instruments such as AFM-TEM, STM-TEM and TEM-Nanolndenter are
used for characterization of the electrical and mechanical properties of various nanomaterials. Piezo
actuated and having force or current feedback, the SPM probe in these instruments is also employed
for sample surface imaging combined with conventional TEM imaging of the samples. The concept
of such instrumentation is to correlate the electro-mechanical measurements with the HRTEM
observations of structural changes in the materials. The combination of SPM and TEM techniques
in one instrument becomes especially valuable for in situ studies of nanoscale structures such as
nanotubes, nanoparticles or nanowires. It also widely used to investigate the formation and
propagation of the defects and dynamic phenomena such as fracture and deformation in many bulk
materials.

This brief presentation will outline the recent progress in the instrumentation development aimed
to expand the range of available SPM-TEM systems. Some experiments for the nanostructures, bulk

samples, and semiconductor applications will also be discussed.
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In Situ Study on the Mechanical and Electronic Properties of Individual Carbon
Nanotubes Inside a SEM
(EFHREET R R ERBKS K E ) F0ERHHE)

CHEN Qing (B #)

(Key Laboratory for the Physics and Chemistry of Nanodevices and Department of Electronics, Peking University,
Beijing 100871, P R China )

(KB EFEERGT S EBRTRE EFALEFLEZ  HF 100871, #H)
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The synchrotron radiation microscopy-a complementary tool for
SEM/TEM

Chih-Hao Lee (£ %)

Department of Engineering and System Science, National Tsing Hua University, Hsinchu.

(& #EA LT FHE Z 4% #4 %) & National Synchrotron Radiation Research Center( 5] % 241 5F % ¥
1\'_,‘)

Microscopy using the advanced light source, such as synchrotron radiation, gains
many advantages over the traditional light sources. It is also a complementary tool to
the TEM and SEM. Synchrotron radiation light source is better than the traditional light
source due to its continuous spectrum, high intensity, highly collimated beam, polarized
beam, and pulse beam. In recent advanced light source, high coherent X-ray is also
possible. Microscopies based on these advantages are invented in the past. They are not
only taking the advantage of high intensity and sub-micro beam, they also adopted the
highly collimation beam technology of phase contrast image. One of the major
advantage is the microspectroscopy or spectromicroscopy technique which combines
the technology of spectroscopy and microscopy together. Furthermore, the properties of
polarized beam can be used to probe the magnetic materials and chirality of molecules.
Although, the spatial resolution of synchrotron radiation is much worse than a high
resolution TEM, the better penetration of X-ray provides a chance of doing the in-situ
and in-vivo experiments without worrying about the vacuum environment, in addition,
select the right X-ray energy to the interesting element to eliminate the background is
also a great advantage and a complementary tool to the SEM/TEM.

The Taiwan Light Source (TLS, 1.3 GeV, circumference 120 m) located in
NSRRC(National synchrotron Radiation Research Center) was commissioned by in
1993. Since then, several microscopy beamlines were constructed and installed. These
beamlins are IR microscopy beamline, PEEM (Photoemission electron microscopy),
SPEM ( Scanning photoemission microscopy), X-ray microscopy. In the near future, a
more advanced synchrotron project, the Taiwan photon source (TPS, 3 GeV,
circumference 518.4 m), with much better beam quality, will provide not only higher

intensity X-ray, but much higher beam divergence for the coherent X-ray scattering and
diffraction measurement. This project was granted by the government and the TPS is to
be commission at 2014, also at the site of NSRRC. New beamline with coherent
scattering beamline and nanoprobe beamlines are proposed also to be commissioning at
the first day of light available. The properties of beamlines are highlighted will be
described in the following:

The IR microscopy is useful especially for biological image. Most of biological
sample consists of only organic material with almost very low density contrast.
However, different chemical bonds give different vibration frequencies which can be
easily revealed in the IR spectra. The IR microscopy gives a mapping image of IR
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EBSD Study on Microstructure and Texture of Deformed and Annealed Metals
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Quantitative Analysis in AEM by Self-calibration Method

Bow, Jong-Shing (%8 % #) > Wang, Hong-Wen(E % X)
1. E.B. Tech Co. Ltd., Taipei, Taiwan, ROC
2. Department of Chemistry, Chung-Yuan Christian University, Chungli 320, Taiwan, ROC

TEM has been proved to be a very attractive and powerful analytical tool for nano-
materials research. Modern TEM has put the image resolution and the spatial resolution
down to 0.1 nm [1, 2], some advanced TEMs even down to 0.05 nm [3]. In composition
analysis, elements from a single array of atoms could be identified [3]. However
quantitative analysis from specified phases is still an annoyed work. From literatures,
the most accurate way to perform quantitative EDS analysis is to analyze the unknown
sample and a standard sample with similar composition and crystal structure in the
same TEM/STEM operation condition. It is easy to keep same operation condition for
current delicate TEM/STEM, but it is very consumptive to get standard samples for so
diverse materials studied today. It will be an easy way to perform quantitative analysis
if the standards can be found in the analyzed sample itself [4]. We will call this
method to be the self-calibration quantitative analysis technique, SCQAT. From a
previous work in an Al-Ti-Ni super alloy, the error was found to be as low as 2%. It is
therefore worth to develop this technique for further advanced material analysis in the
future. In this paper, we evaluate this technique by using a simple and common material
system, Si-glass-SiO,.

Three different samples were cut and ground to be thin slabs, and were bound to a
sandwich, Si/glass/quartz, which was then mechanically ground and polished to be a
XTEM sample, as shown in Fig. 1, in order to explore the possibility and accuracy of
the SCQAT. In TEM, this sample was tilted to be away from strong diffraction
condition for both Si and quartz firstly, then EDS spectra were collected in TEM mode .
with various probe sizes to eliminate the probe size effect. EDS spectra were first
quantitatively analyzed by the TIA program installed in the TEM, and then exported to
be text files which were further analyzed by Excel, a standard Microsoft Office
software. Both peak intensity and integrated intensity were used to calculate the
composition ratio. The ratios of Si/O from Si and quartz were taken to be standards to
calculate the composition of the glass. Fig.2 shows the EDS spectra of Si, glass, and
quartz. The atomic ratios of O/Si calculated from these spectra are 0.03, 1.16, and

1.09 correspondingly. Detail results will be discussed in the conference.
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Fig.1 OM image shows the geometry of the XTEM sample, adhered upon a Cu-ring,
consisted of three parts.  “1”: Si; “2”: glass (unknown); “3”: quartz (SiO»).

(@) F = by = s

Fig.2 EDS spectra. (a) Si, (b) glass, (c) quartz.
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Application of Monte Carlo Image Simulation to Linewidth
Measurement with CD-SEM
(Monte Carlo s {45388 F 75 E A7 CD-SEM 94 LA )

LI Yong-Gang(Z 5k 48), DING Ze-Jun (T F &)

Hefei National Laboratory for Physical Sciences at Microscale and Department of Physics, University of
Science and Technology of China, Hefei, Anhui 230026, P R China
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In-situ studies of solid-state reaction between Au and ZrO2

nano-particles by TEM
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LI Ji-Xue (% % £), GE Xin (¥ k), ZHU Xing-Fu (% ¥£3&), XIA Bai-Ying (£ 44 %)
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Formation Kinetics of the Inhibition Layer of Galvanized Steels
Kuang-Kuo Wang, Hung-Ping Wang, Liuwen Chang(5k 7~ X)*, Dershin Gan

Department of Materials and Optoelectronic Science, National Sun Yat-Sen University('# i A 22 #1#
£ 2Z) Kaohsiung 80424, Taiwan, R. O. C.

The formation of a nano-sized Fe-Al inhibition layer with a uniform thickness at
Fe/Zn interface during continuous hot-dip galvanizing process is a crucial issue for
industrial production of galvanized and galvannealed steel strips. However, the
extremely rapid nature of the reactions makes the formation mechanism of the Fe-Al
(-Zn) inhibition layer still elusive. This work presents a characterization result on the
inhibition layer formed on a interstitial-free (IF) steel and two dual-phase (DP) steels
after a short time galvanizing. Instead of preparing cross-section specimens for
transmission electron microscopy (TEM) analysis, the present work prepare plane view
TEM specimens by dissolving chemically the Fe and Zn away to reveal the thin
inhibition layer. This way large area of it is available for microscopic observation, and

some steel substrate can be intentionally retained for interfacial analysis.

For the IF steel, the Fe-Al and steel interface is free from oxide, indicating that the
Fe-Al crystals can directly nucleate on ferrite grains. TEM electron diffraction shows
that only Fe2Al5-xZnx intermetallic compound was formed and it possesses a
well-defined orientation relationship with Fe substrate as: [110]FA// [111]Fe, (001)FA//
(011) Fe and (110)FA/ (211)Fe whereFAstandsforFe2Al5-xZnx(seeFig.1).
Themostpopular interface is (001)FA/(011) Fe which is a low energyinterface with
good match of lattice sites. Another interface is suggested to be (110)FA/(233)Fe. The
still large lattice mismatch prohibits 2D growth and results in a very small grain size
involving multiple crystallographic variants. The Fe2Al5-xZnx islands grow rapidly

from an initial size of 20 nm or less on the Fe side to 500 nm or more on the Zn side.

For the case of the DP steels, the steel surface is partially covered by manganese
oxides and Cr or Si containing oxides prior to the galvanizing (see Fig. 2). Fig. 3a
shows a bright field image for the inhibition layer formed on the galvanized C-Mn-Si
DP steel. It is evident that the layer is composed of coarse grained Fe2Al5-xZnx (>200
nm) in thick region and fine grained Fe2Al5-xZnx (<100 nm) in thin region. Two EDS
spectra acquired from positions 1 (thick region) and position 2 (thin region) are shown
in Fig. 3b. The spectrum acquired from position 1 is free from oxygen. In contrast, the
oxygen content in the thin region (position 2) is high and a Si peak is also detected. The
depletion rate of Al on reducing manganese oxides thus plays a key role on retarding

the nucleation and growth of Fe2Al5-xZnx at the interface, resulting in a motley
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Characterization of Structure of Spray Forming
Mg—12.55A1-3.33Zn—0.58Ca-1Nd Alloy
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1.School of Materials Science and Engineering, Inner Mongolia University of Technology, Huhehaote Neimenggu
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A Self-Correction Method in Quantitative EDS Analysis for Complex Niobates
(BB EHEE S EDS £ B0 & BREN %K)

WANG Xian-Hao (£ &%) » GU Hui (8 #)*
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Deformation Induced Fe;C Dissolution in Pearlite Steel
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Study on the Grafting of Titanate Coupling Agent/Silane Coupling
Agent onto Wheat Straw by Microwave Radiation
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Monitoring Cellular Metabolism with Fluorescence Lifetime of
Reduced Nicotinamide Adenine Dinucleotide

Vladimir Gukkasyan”, Tatyana Buriakina®, Jim Hsu”, and Fu-Jen Kao (HEf) o?

“Institute of Biophotonics, National Yang-Ming University ( iz A £ 4 B E#F % 47 ), Taipei 11221,

Taiwan
®Department of Photonics, National Sun Yat-sen University, Kaohsiung 80424, Taiwan

* Corresponding author: flkao@ym.edu.tw

As a minimum invasive technique, autofluorescence spectroscopy has found its
applications in the characterization of tissues and diagnosis of diseases. The major
distinguishing power arises from the change of the nano-environment, quantities and

functional/conformational states of the endogenous fluorophores.

Formulation of the oxidative phosphorylation and its’ first observation by means
of fluorescence spectroscopy in the 60s of the previous century led to the acceptance
of bioenergetics as a new field of studies. The new discipline grew fast with the
increasing number of papers, related to the energy generation in mitochondria,
advancement of the instrumentation and improvement of observation techniques. As
such, fluorescence lifetime imaging microscopy (FLIM) has gained popularity as a
sensitive technique to monitor the functional/conformational states of NADH- one of
the main compounds of the oxidative phosphorylation. We hereby present a brief
review on the development and current application of cellular metabolism observation
via NADH FLIM, illustrating it with the examples of both physiological (cell density,
apoptosis, necrosis) and pathological states (inhibition of the electron transfer chain).
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Figure 1. NADH free/bound ratio mapping at the center and at the border of a HelLa
cell colony in a culture. The images, color coded with the free/bound ratio, reveals

different metabolical conditions at the edge and in the middle of a colony. The scale
bar is 100 pm.
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The Electron Microscopic Diagnosis of Thrombotic Microangiopathy
Associated Nephropathy
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Intravital Multiphoton Hepatic Microscopy for Elucidating Liver
Metabolic Activities in vivo

Chen-Yuan Dong ( & s M) , PhD
Department of Physics, National Taiwan University ( £ A LML Z )

Abstract

The ability to image within living organisms can reveal important dynamic
information of physiological systems and provide insights in dealing with diseases. In
an attempt to achieve intravital optical microscopy, we employ the minimally invasive
imaging technique of multiphoton microscopy which allows in vivo imaging to be
achieved with improved depth penetration and minimal photodamage. In order to
validate the application of multiphoton imaging in studying pathological tissues, we
performed ex vivo characterization of normal and pathological liver tissue specimens.
Furthermore, we developed and implemented intravital imaging chambers that allow
the direct visualization of physiological phenomena in vivo. In this presentation, I will
present results in hepatology demonstrating the progress we have made in imaging
and quantifying physiological dynamics of hepatobiliary metabolism in normal and
pathological mouse livers in vivo. Our results may lead to an improved understanding

of basic liver physiology and treatment procedures of liver diseases in the future.

In vivo multiphton imaging of: (A) the effects of liver fibrosis on hepatobiliary

metabolism and (B) acetaminophen induced hepatic pathology.
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Research on the Change of the Sarcoplasmic Reticulum Ultrastructure and
Ca*" Concentration During Excitation-Contraction Coupling in Muscle
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Light and Electron Microscopic Inmunocytochemical Analysis of

Noradrenergic Terminals in the Rat Trigeminal Motor Nucleus
YANG, Hsiu-Wen (#3% %) ! and MIN, Ming-Yuan®

! Department of Biomedical Sciences, Chung-Shan Medical University ( L B FA £ 4 4y & FF
% ), No.110, Sec. 1, Chien-Kuo N. Road, Taichung 402, Taiwan.

? Department of Life Science, College of Life Science, National Taiwan University, 1, Sec 4, Roosevelt
Rd. Taipei 106, Taiwan.

The noradrenergic (NA) innervation in the trigeminal motor nucleus (Mo5) of
postnatal and adult rats was examined by light microscopic (LM) and electron
microscopic (EM) immunocytochemistry using antibodies against dopamine-[-
hydroxylase (DBH) or tyrosine hydroxylase (TH), which are synthesis enzymes for
norepinephrine and are commonly used as biomarker for NAergic neurons. The
DBH-immunoreactive (ir) fibers, presumed to be NA fibers, were identified in the
Mo5 as early as postnatal day 0 (P0). A continuous increase in the density of labeled
fibers was observed during development up to P20, with a slight decrease at P30 and
in the adult. EM analysis of serial ultrathin sections revealed that, at P5, nearly half
(46%) of the examined NA terminals (TH-ir terminals) made synaptic contact with
other neuronal elements with membrane specializations. The percentage of examined
NA varicosities engaged in synaptic contacts increased at P15 (74%), then decreased
in the adult (64%). At all developmental ages, the majority of contacts made by these
boutons were symmetrical, with the postsynaptic elements being mainly dendrites
and occasionally somata. Interestingly, some of the NA terminals made axo-axonic
contacts with other unidentified boutons. These results show that, although the
density of NA fibers increases during postnatal development, functional NA boutons
are present in the Vmot at early postnatal ages. Some of these fibers might exert their
effect via non-synaptic release of noradrenaline, so-called volume-transmission’, but,
in the main, they form conventional synaptic contacts with dendrites, somata, and
other axonal terminals in the Mo5% These results are consistent with previous
electrophysiological studies that propose an important role for the NA system in

modulating mastication’.
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A Immunostaining of DBH shows two populations of noradrenergic neurons, the A7
and A5 catecholamine cell groups, which project to trigeminal motor nucleus (Mo5)
in adult rat. B High power magnification shows DBH-ir fibers in Mo5 at P15 rat pup.
C-E EM photomicrographs illustrating three TH-IR varicosities in the Mo5 at P15
which make symmetrical synaptic contacts with a cell body (C), a primary dendrite
(D), and a distal dendrite, respectively (E). Note the less prominent density on the face
of the postsynaptic membrane indicated by the two parallel arrows in all three cases.
Bouton in E contains dense-cored vesicles indicated by white arrowheads. F A TH-IR
bouton and an unlabeled bouton (UT) forming asymmetrical synapses (white arrows)
with a dendritic spine. Note the prominent postsynaptic density of the active zone
indicated by four arrows. Another unlabeled bouton (UT) also forms a asymmetrical

synapses (white arrows) with another dendrite. Scale bars = 0.2 £ m.
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Morphological Evidence of Coinfection of Viruses in Cultured Cell
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Animal Models for the Neuronal Degeneration
CHIEN, Chung-Liang ( 452 &)
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The spatial and temporal expression patterns of neuronal intermediate filaments
in the developing and mature neurons could be found in both central and peripheral
nervous systems. The accumulation of intermediate filament proteins in the
degenerating neurons and subsequently induced neuronal death have been found and
characterized in some neurological diseases. In previous transgenic studies,
pathological accumulations of intermediate filaments (IF) were also found in the
cytoplasm or axons of degenerating neurons. However, it still needs to be clarified the

pathological role of cytoskeletal accumulation in the neuronal death.

We have investigated Dystonia musculorum (df) mutant, an animal model for the
neuronal degeneration. It has been showed that a defective bullous pemphigoid
antigen 1 (BPAG1) gene is responsible for this nature mutation. We found that not
only BPAGldeficiet, but also a neuronal IF protein, internexin, was absent in the
dorsal root ganglia (DRG) neurons in adult df mice. The progressive degeneration of
both central and peripheral processes of DRG neurons could be characterized not only
in df homozygotes but also in heterozygotes. In this study, we demonstrated the
phenotyping method to distinguish heterozygous df from wild type mice using a
behavioral hot-plate test. Immunocytochemical assay of cultured DRG neurons from
dt embryos revealed that internexin was aggregated in the proximal region of axons
and juxtanuclear region of the cytoplasma, yet the other IF proteins were Widely
distributed in all processes. The active caspase-3 activity was observed not only in the
cultured df neuron but also in the developing df DRG neurons in vivo. From our
observations, we suggest that (1) the interaction between BPAG1 and internexin may
be one of the key factors involved in neuronal degeneration, and (2) abnormal
accumulation of internexin may impair the axonal transport and subsequently turns on
the cascade of neuronal apoptosis in developing df mutants. Besides that, it could be
also found that the accumulation of IF proteins in the swelling axons of spinal motor
neurons in df mice. In order to understand the pathological role of neuronal IFs in the
swelling axons of spinal motor neurons from df mice, we extensively examined the

distribution of neuronal IF proteins. By immunofluorescence staining, our results
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indicated that internexin was a major component in the swelling axon and showed
abnormal translocation in the nuclei of spinal motor neurons in dt/dt mice. This
abnormal translocation of internexin in the nuclei of spinal motor neurons was also
confirmed by Western blotting and immunoelectron microscopy. Instead of the 10-nm
filamentous structure, a diffuse immunopositive pattern of internexin was observed in
the nucleus of spinal motor neurons in df mutants. We further examined the cell death
of spinal motor neurons by TUNEL assay, and no TUNEL-positive cells could be
identified from spinal motor neurons in df mice. From these observations we suggest
that abnormal accumulation of neuronal IFs in the swelling axons and abnormal
translocation of internexin in the nuclei of the spinal motor neurons from df mice may
not directly cause cell death of the spinal motor neurons.
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Figurel. Pre-embedding immunoelectron microscopy of the swelling axon and the

nucleus of motor neuron from d¢f mutant. Ultrathin sections obtained from df spinal
cords were stained with urényl acetate and lead citrate (A-C), or stained with antibody
to internexin (D-F), and examined by electron microscopy. Randomly orientated
intermediate filaments and axonal organelles were found in the swelling axons (A and
B), yet the morphology of the cell nucleus looked normal in the spinal neuron of the
dt (C). Internexin (dark DAB reaction products) was detected in the swelling axon (D
and E) and also in the nucleus (F) of spinal motor neuron by immunoelectron
microscopy. N: nucleus. Scale bars = 1 um (A and D); 500 nm (B, C, E and F).
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Effects of Ginsenoside Rg2 on Structure and Expression of Synaptophysin
of Neurons in Hippocampus of Rats with Alzheimer’s Disease
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