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eLabelling 0f 24 grids simultaneously.

*The ability to use up to 24 different
primary antibodies in one run.

+80% time saving compared to the
manual method .

«Cost saving-YOU are free for more
productive activities.

*Specimen safety-the correct
sequence of reagents will always be
applied.

*Minimising cross contamination
from forceps and loops during
labelling.

*Reproducible results from each
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LOWER BAINITE IN JIS SK5 STEEL

TU, Meng-Yin' (%5 5) ; HSU, Yung-Fu’(2k ) ; WANG, Wen-Hsiung' (F 37 )

1.Department of Materials Science and Engineering, National Taiwan University, Taipei
2.Department of Materials and Mineral Resources Engineering, National Taipei University of
Technology, Taipei

The microstructure of JIS SK5 steel was investigated in this study. The
specimens were austenitized at 880°C  for 30 min and then austempered at 300°C for
lhr. The TEM bright field images of lower bainite in the specimen are shown in Fig.
1. It can be seen that bainitic ferrites( a ;) are plate-like,and cementite platelets( & ;)
are embedded in the ferrite and precipitated unidirectionally at an angle of 55 to 60
deg to their long axes[1], in addition, ferrites( o 2)/cementites( & ;) layers appear at

the interface of plate-like bainitic ferrites, which are decomposed from the retained
austenites.

Fig. 2(a) shows the selected area diffraction pattern(SADP) ofa 1,6, and @ ,
phases, and the result of stereographic analysis of this SADP is shown in Fig. 3. It
indicates that the a1/ 6, orientation relationship close to that of Isaichev[2] as
follow :

[111],//[010],  (110),//(103),

However, the orientation of @, and & | does not possess Isaichev relationship. Fig.
2(b) shows the SADP of &  and ¢ ; phases, which is composed of two diffraction
patterns of and zones. It indicates that the r ; is decomposed from the
retained austenites with an orientation different to that of i 1.

The mechanisms of lower bainite transformation can be postulated as in F 1g. 4
[3]. The ferrite subunits with the parallelogram cross sections nucleate at the
austenite grain boundary(Fig. 4(a)) and then cemenite platelets will precipitate on
one parallel set of the cross sectional interfaces before these subunits
coalescence(Fig 4(b)). After that bainitic ferrites will grow broader, longer and
thicker with increasing transformation time, and ultimately will be plate-like(Fig
4(c)). At the interface of bainitic ferrites there will be ferrites( a ;)/cementites( @ ;)
layers decomposed from retained austenites(Fig 4(d)).

References

1.G. Lai, Metall. Trans., 6A(1975) 1469.

2.H. K. D. H. Bhadeshia, Scripta Metall., 14(1980) 821.
3.0hmori Y., Mater Trans JIM, 30(1989) 487.
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Fig. 2 Diffraction pattern of (a) @ 1/ 6@ /6, and (b) a /a2
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formation
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Atomic Resolution Tomography and Property Imaging for Nano-Analysis

Fu-Rong Chen and Ji-Jung Kai

Department of Engineering and System Science, National Tsing-Hua University,
HsinChu

The dream of microscopists is to determine simultaneously the structure and
property of new materials. Although, high resolution TEM is very powerful to
resolve the structural variation with atomic resolution, it lacks compositional and
property information. The compositional information of one atomic column can be
simply related to the phase of the exit surface wave that can be approximated to be
1S state wave associated with atomic column after the electron beam interacts with
the sample. In my talk, I will update the development in the theory and recent result
of complex TEM and property microscopy in our lab. Ty, “complex” TEM is a

newly developed concept for direct and quantitative analysis of atomic structure. The
basic idea of complex TEM is to retrieve the phase (and so the wave) of each image
planes from a series of de-focal images. The aberration of the objective lens can then
be corrected and the directly interpretable wave in the exit surface of sample is
recovered. The atomic structure accompanying with the information of the
composition in single atomic column can be directly quantified. Quantitative analysis
of the exit wave is still a under-developing advanced technique. That can be carried

out either using 1S state wave or analytical form of multi-slice formular. The detail
algorithm and theory of this method can be found in our recent publication in
“Ultramicroscopy”. Once the exit wave is reconstructed from more than one
crystallography orientation, we can reconstructed 3-d atomic resolution tomography
using back projection algorithm.

Electron energy loss spectrum (EELS) provides complementary information
from that obtained by high resolution TEM. Complex TEM may give us information
of the structure/ composition with atomic resolution, while we can extract the
property of the material with near nano-meter resolution from analysis of the EELS.
For instant, we can extract the dielectric function, band energy from the low loss
region (several eV to 30eV) and chemical bonding information as well as the density
of state from analysis of the core loss spectrum (100eV and up). As mentioned
wherelse, the surface may play an important role in controlling the property of
nano-materials. If two dimensional EELS data can be acquired and analyzed two
dimensionally with spatial resolution of nanometer scale, we can actually obtain
form property from where the EELS acquired from and so two dimensional“‘property

—M-0-3—



image” can be formed. The concept of the property imaging is new and can be seen
from several of our recent publications. There are two ways to obtain
two-dimensional EELS spectrum. One is using a fixed focused electron beam scans
over the sample at the same time EELS spectrum is recorded. This method is
referred as spectrum image. The second is reconstructing the EELS spectrum from
a series of energy loss images. This technique is referred to be electron
spectroscopy imaging (ESI). In the ESI, a parallel beam is used and least beam
damage is introduced. We therefore prefer and have set up the second method to
explore the several property map from different kinds of nano-materials. The
methodology and the detail algorithm of property reconstruction can be found from
our publication. In the past year, we have demonstrated the possibility to obtained
dielectric function image, band energy image and sp2/sp3 chemical bonding image.
I will show the examples of band energy map from GaN/ AIN quantum well pair
and sp2/sp3 chemical bonding map in the diamond like multi-layers. Two
difficulties exist in the application of this technique to the core loss regime. They
are, first, the weak contribution from this core loss signal and the energy resolution.
Second, noise is usually the key factor to limit application of ESI to the core loss to
record reliable energy loss images. Energy resolution of ESI depends on two
factors. The energy resolution of a regular field emission gun TEM is about 1eV in
the condition of sufficient beam intensity. The movement and the width of the
energy slit is usually also in the range of 1eV. These limit the fine detail structure in
the EELS spectrum that can be extracted. In my talk, I will address the possibility to
develop state of art analytical method on the mapping of density of state for
nano-materials by ESI and find out the correlation between the theory of quantum
transport in nano-scale.

—M-0-4—



Growth of Novel Nanostructures on Self-Assembled Hexagonal Au Particle
Networks on Various Substrates

CHEN, Lih-Juann (FR /11%) ; SU, Pai-Ying (4 & #); HE, Jr-Hau (47 & %); CHIANG,
Ten-Fu (# X #&) and WANG, Jen-Hung (£ 4= %)

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

Novel nanostructures were grown on individual Au particles in self-organized
hexagonal networks with discrete Au particles on various substrates in annealed
drop-cast samples from the Au nanoparticle solution. Au nanocrystals were
synthesized using a two-phase method. Regular hexagonal network was found to
form in drop-cast samples by self-organization with a wide range of conditions. In
samples annealed at high temperatures, regular hexagonal Au network was observed
to form.'

Two kinds of structures were found in samples annealed in samples annealed at
1100 °C for 60 min in N, ambient. The first is of flowery appearance and the second
is like bean sprout at each of the Au particle site. Examples are shown in Figs. 1 (a)
and (b). The nanowires were found to be composed of Si and O from the EDS
analysis of TEM samples. The flowery and bean-sprout-like structures were found to
grow on relatively thin (10 nm) and thick (100 nm) Si oxide, respectively. The
flower-like structure was also found to grow from Au particle on 100-nm-thick
S10,/S1 substrate.

The formation of regular Au particle hexagonal networks was also achieved on
Si-Ge and Al,Oj3 surfaces. Figures 2 and 3 show flowery oxide nanowires grown on
Si-Ge and Al,O3, respectively. From photoluminescence measurement, the Ge-Si-O
nanowires were found to emit blue light. On the other hand, the Au particles on c-cut
sapphire are facetted with (111)Au//(0001) Al,Os. Furthermore, the nanowires tend
to grow on {001}, but not on {111} planes. An XTEM image is shown in Fig. 4. For
CVD-Cu, Au particles were encased by the Cu particles as shown in Fig. 5.

Promising results were also obtained for the network formation in Au/SisNy,
Au/sapphire and Ag/Si systems and for the selective growth of Si and ZnO
nanowires on Au particles. The growth can be explained in term of VLS growth and
Au-Si-O intermixing during heating and precipitation upon cooling. The scheme to
form the Au particle network controlled offers an effective and economical means to
produce a universal template to grow functional structures without complex
lithography. The wealth of fascinating structures and associated phenomena of the
systems points to an exciting new area for future research.

Isu, Pai-Ying; LU, Ming-Yan; LIANG, Ju-Ming; CHENG, Shao-Liang; HU,
Jung-Chih and CHEN, Lih-Juann, this Proceedings (2004).
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Fig. 1(a) SEM image of an Auw/Si sample
annealed at 1100 ‘C for 60 min showing the
flower-like structure.

Fig. 2 SEM image showing flowery oxide
nanowires grown on Auw/Si-Ge.
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Fig.4 XTEM image showing flowery oxide
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Fig. 1(b) SEM image of an Au/Si sample
annealed at 1100 ‘C for 60 min showing the
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Fig.3 SEM image showing flowery oxide
nanowires grown on AwWALO5.
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Fig.5 SEM image showing Au particles
encased by the Cu particles.
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CHARACTERIZATION OF CARBON NANOTUBE BY TRANSMISSION ELELCTRON
MICROSCOPY
Jeng-uii Wang ; Chih-Chin Wang ; Chuan-Pu Liu

Department of Materials Science and Engineering, National Cheng-Kung University, Tainan, Taiwan

The variety of nanodevices based on CNT has motivated this filed and the large range of
possible properties is associated with many possible microstructures available in CNT [1,2]. Due to
the complexity, the precise control of selective CNT growth is difficult and reliability issue occurs.
In addition, the detailed growth mechanism behind is a key but also a difficult question. All these
await a better understanding of CNT microstructure including helicity, type of CNT, chemistry and
all possible defects, which demands a better characterization. Since the microstructure is complex, a
TEM simulation from an ideal model helps understanding the correlation between diffraction
experiment and real atomic structures. Fig. 1 and Fig.2 show our preliminary results. The ideal
atomistic models are built first as in the top row of the figure. Through dynamical scattering theory,
a multislice calculation is employed to simulate the diffraction patterns and images, which are
shown in the bottom two rows of Fig.1 for single- and three-walled CNT with indices from (10,0),
(10,5) to (10,10) and in Fig.2. The symmetry of the atomic arrangement in the CNT is reflected in
the patterns. In principle, if the electron beam is perpendicular to the tubular nanowire, the relative
positions of two (10-10) diffraction spots would be enough to derive the helicity and the type of the
CNT. When more walls associated with the CNT, the diffractions patterns include all fundamental
spots and the repeated unit from the arrangement of the walls, which becomes much stronger and
makes the spot more sharp. If any additional spot or any spot missing, which then suggests some
defects either destroy some symmetry or create new symmetry. The numbers of walls is better
examined in imaging mode, which has been simulated as shown in Fig.2. The atomic like structure
can be identified, however, it is doubt that these structures can be imaged experimentally due to the
small diffraction volume. More work is undertaken to be able to distinguish the defect type and the
atomic structure for multi-walled CNT between “Russian doll” and “ Swiss cake” models.

Reference
[1] T.W. Ebbesen, Caron Nanotubes: Preparation and Properties, CRC press, 1997.

[2] J.F. Harris, Carbon Nanotubes and Related Structures, Cambridge University Press, 2001
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Fig. 1. Simulated diffraction patterns from single-wall and three-walled CNTs with the atomic structures of
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Fig. 2. Simulated single-wall carbon nanotube images with defocus for (10,0), (10,8) and (10,10).
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The Study of White Lines and d Occupancy for the 3d Transition Metals, Related
Oxides

Hao Ouyangl, Jen-Tai Kwan', C.C. Ahn® . J. Graetz® and B. Fult?*
! National Chung Hsing University, Department of Materials Engineering,
Taichung, Taiwan 402, R.O.C.

ZCalifornia Institute of Technology, Division of Engineering and Applied Science
Mail Code 138-78, Pasadena, CA91125

ABSTRACT

Electron-energy loss spectrometry(EELS) was employed to measure the
intensities of the white lines of L, ; absorption edges for 3d transition metals and
related oxides as shown in figure 1. The white line ratio (L3/L2) was found to
increase between d0 and d5 and decrease between d5 and d1 0, consistent with
previous results for the transition metals and their oxides.

The intensity of the white lines corrected by the matrix elements!'’,
normalized to the trailing background, is linear versus d occupancy for the 3d
transition metals, 3d transition-metal oxides and lithium transition-metal oxides as
represented in figure 2. An empirical correlation between normalized white line
intensity and 3d occupancy is established. It provides a way for measuring
variations in the 3d-state occupancy and can be used in some important applications

as shown in figure 3!,

REFERENCE
1. D. H. Pearson, C. C. Ahn, and B. Fultz. Phys. Rev. B, 47, 8471, 1993.
2. Hao Ouyang, Jen-Tai Kwan, Journal of Applied Physics, 92, 7510, 2002
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The opportunity of using the microscopy at National Synchrotron
Radiation Center

Chih-Hao Lee (Z=7E%)

Department of Engineering and System Science, National Tsing Hua University,.
Hsinchu (JFATREIZR) ; Nuclear Science and Technology Development Center,
National Tsing Hua University, Hsinchu (& AEEIF(») ; Users Executive
Committee, National Synchrotron Radiation Research Center ([ BZ [FZHEEHFFEH
() , Hsinchu, Taiwan.

Microscopy development using synchrotron radiation is a frontier instrument
development at synchrotron community. With the high brilliant synchrotron radiation
beam covering a photon energy from IR to hard X-ray, different kind of microscopies
can be developed. By using photon microscopy, the best advantage over the
TEM/SEM is the less radiation damage, which is very important if a living cell is to
be observed in vivo.

Several state of art microscopies were setup in the past few years at National
Synchrotron Radiation Research Center (NSRRC) in Taiwan. These microscopies are
phase contrast X-ray microscopy, spectra-microscopy, photoemission electron
microscopy (PEEM) and IR-microscopy. The phase contrast X-ray microscopy taking
advantage of highly collimated synchrotron radiation reveals the edge of an object by
Fresnel diffraction even if the electron density of the object is similar to the
environment. The current lateral resolution is about 1 um using a high resolution
CCD camera. Spectra-microscopy combining the technology of X-ray absorption
spectroscopy and the technology of X-ray microscopy can show the chemical state
information of a sample with 0.1 pm lateral resolution. PEEM is able to show the
photoemission spectra at lateral resolution of 1 pm. Using the circular synchrotron
radiation producing by shifting undulator, the image of different spin orientation can
be revealed by PEEM. IR microscopy using the high intensity continuous IR spectra
at synchrotron radiation, the vibration strength at different chemical bonds in different
domains can be revealed. The lateral resolution is about 10 pm. This IR microscopy is
very important in biology samples because most of the biological materials composed
of C, N, and O with no difference in electron density contrast.

Several microscopies had been developed in the synchrotron community by
taking the advantages of tunability of incident X-ray energies of synchrotron radiation.
For instants, contact X-ray microscopy with lateral resolution of 20 nm had been
reported. A photoresist placed under the sample after exposure of soft X-rays can be
etched to reveal the contrast of electron density in the sample. The penetration of
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X-ray depends not only on the electron density of the sample but also on the incident
X-ray energies. With soft X-ray of energy between the K-edge of oxygen and carbon,
it forms a water window, especial good for imaging a small living bacteria or cells.
The development of X-ray tomography with a spatial resolution of 10 um can see the
porous microstructure. With tunability of X-ray energy, special element distribution
in space can be measured using the K-absorption edge of the sample. For example, the
uptake of calcium of a cell can be revealed by subtracting two images taken with the
incident X-ray energy one just below the K-edge and the other one just above the
K-edge of calcium. X-ray angiography using the iodine as the photon absorbent, by
taken two pictures with X-ray energy just below and above the iodine k-edge, the
subtraction of these two images shows only the iodine image in the blood vessels. The
X-ray topography using the high collimating incident synchrotron radiations can be
used to show the dislocation density or the defeats in a highly ordered single crystals
nondestructively. The sample can be treated in an oven or applied pressure and
monitoring the dynamics change of dislocations. Those microscopy is not yet
developed in NSRRC in Taiwan.

In compared with the electron microscopy, the large beam size of the incoming
X-ray and the diffraction limit of optical light limit the lateral resolution of a photon
microscopy. For long wavelength optical microscopy, the application of near-field
technology already breaks the diffraction limitation and can reach a resolution of 20
nm. However, Micro-X-ray beam is still under developed. The large area of grazing
incidence focusing mirrors was developed. The flexible bent crystal in Rowland circle
was also developed. The high-resolution zone-plate is slowly making progress. The
newly developed focusing capillary tube to focus the X-ray beam was also tried and 1
um was achieved. The recently developed X-ray lenses using small beryllium balls is
also reported. None of them is capable to apply well within sub-micrometer resolution
without sacrifice the high intensity throughput. To remedy the loss of intensity due to
high resolution operation, high intensity light source is needed. The development of
undulator and free electron laser to enhance the incident photon brilliance by three
orders of magnitude already on the frontline of synchrotron community.
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CHARACTERIZATION OF MORPHOLOGY OF DIAMOND NANOPLATELETS

HOU-GUANG CHEN(H % 5 ), CHUN-AN AN LU( 4 %), SHI-YIN CHO(£ 4 %), LI
CHANG(3E i)

Department of Materials Science and Engineering, National Chiao Tung University,
Hsinchu, Taiwan 300

Diamond formed by microwave enhanced chemical vapor deposition at high
temperature (>1000 °C) is observed in a platelet-like morphology as shown in Fig. 1,
which is unusual in diamond crystal growth. The platelet shape can be in hexagon and
triangle, and has an average thickness of 30 nm with the length ranged from a few
hundreds of nanometers to several micrometers. It is well known that twin in platelet
crystals plays a crucial role on lateral growth and the morphology. Here we show the
observation of the morphology of the diamonds, particularly on the side face

structure.

In the bright-field TEM micrograph (Fig.2), it can be seen a diamond platelet in a
nearly hexagonal shape. The platelet is oriented in 111 direction as shown in the SAD
pattern. All the edges are along a specific direction of <110> with an inclined angle of
120° between the neighboring edges. A side-view of another diamond platelet is
shown in Fig.3 with the corresponding SAD pattern. The thickness of the platelet is
about 30 nm.  The diffraction exhibits the typical characteristics of twinning
reflections in [110] zone axis. The surfaces of the diamond platelet are parallel to {111}
planes. The platelet apparently consists of multiple parallel twins in a few
nanometers. Detailed examination of the image at the side face around the twin plane
with the diffraction pattern reveals that the morphology is in fact a ridge structure
composed of {100}and {111} faceted planes different from previous thought that the
facets are all bounded by {111}.

Interestingly, diamond in slightly different morphology of six-side platelet is also
observed as shown in Fig. 4. The orientation of the diamond is clearly in [110]. The
edges are corresponding to {111} and {100} planes. The twinning diffraction caused
by the twins in the middle of the platelet. Theses twins are not parallel to the surfaces,

which might lead to formation of various polyhedral shapes of crystallites.
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Fig. 1 SEM mlcrograph showing that the diamond platelet shape can be in hexagon
and triangle.

111 220 Fig. 2 Bright field
TEM image of a
hexagon diamond
platelet and
corresponding SAD
pattern.

/
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Fig. 3 The
side-view TEM
image showing a
ridge structure
composed of
{100} and {111},
faceted planes and
corresponding
SAD pattern.

twined bands

Fig. 4 SEM micrograph showing the hexagonal diamond platelet shape and the
top-view TEM image showing diamond with {110} faceted plane and corresponding
SAD pattern.
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GROWTH STRAINS AND GELATINOUS FIBERS OF THE TRUNKS OF
Trochodendron aralioides.

Kuo-Huang, Ling-Long (% ##£)' » Huang, Yan-San (% Z =) *» Chen, Shih-Shih
( MRk Ak ) * » and Hsieh, Yi-In (#tTAx )

! Institute of Ecology and Evolutionary Biology, University of Taiwan, Taipei,

Taiwan.

2 Division of Forest Utilization, Taiwan Forestry Research Institute, Taipei, Taiwan.

Woody trunks and limbs have the ability to generate growth stresses in the newly
formed secondary xylem cells of normal and reaction wood. When growth stresses
are relieved by felling and sawing, the wood may split or twist and lose value.
Motivation for the study of growth stresses is both practical and theoretical. In
conifers, reaction wood (compression wood) forms in the lower side, while in
dicotyledons, reaction wood (tension wood) forms in the upper side. It has been
reported that the cellulose-rich and small microfibril angled (MFA) gelatinous layer
of G- fiber is related to the high tensile stress observed in tension wood (Okuyama et
al., 1994). Trochodendron aralioides Sieb. Et Zucc. is a primitive, vesselless
dicotyledonous native tree to Taiwan. In this study, the peripheral distribution of
surface growth strains at basal part of a 30° and a 45° leaning trunks of
Trochodendron aralioides was measured by kerf method and the formation of
reaction wood was investigated. We found {hat high tensile strains (- 1989 x 10°

and - 2383 x 10®) existed longitudinally on the surface of upper side of trunks (Fig.
1). From the upper to the lower side of trunks, the absolute value of strains decreased
obviously. Growth strains on the lower side were slightly above zero. The
observation of wood structure of the surface strain measured wood blocks showed
that tension wood (tissue without G-fiber) displayed higher tensile strain than
opposite wood (tissue without G-fiber) (Fig. 2-4). The microfibril angles of fibers in
the opposite wood were 20-30° (Fig. 5), while the microfibril angles of G- fibers in
the tension wood were below 20° . By the ANOVA analysis, longitudinal surface
strains varied not significantly with the MFA of fiber cells (Fig. 6).

Okuyama, T., Yamamoto, H. Yoshida M., Hattori, Y., and Archer, R.R. 1994. Growth
stresses in tension wood: role of microfibrils and lignification. Ann. Sci. For. 51:
291-300.
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Fig. 2. Gelatinous fibers in the tension wood.

Fig. 3. Fibers in the opposite wood.

Fig. 4. Comparison of surface growth strain between tension wood (O) and opposite
wood (@).

Fig. 5. Microfibrils distributed in the secondary wall of fibers in opposite wood.

Fig. 6. Relation of longitudinal surface strains and MFA of fiber cells (O, tension

wood; @, opposite wood).
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EFFECTS OF DIFFERENT LIGHT INTENSITIES ON THE SEEDLING GROWTH
AND LEAF MORPHOLOGY OF THREE NATIVE BROAD-LEAVED TREE
SPECIES IN TAIWAN

LEE, Chin-Mei (#44) ' ; KUO, Sing-Rong (#% %) 2and HSU, Hsien-Pin (# %) >

" Division of Forest Utilization, Taiwan Forestry Research Institute. ; > Department of
Forestry, National Taiwan University.

In Taiwan, the strikes of typhoon usually result in branches bending and timber
falling, which cause the forest gaps and changes of the tree species. Because of the
forest gaps, the plant community contains different aspects in structure and
physiognomy . All the tree species response differently to spectrum of solar
radiation, so inside the forest the composition of light intensity and light quality is
different. Besides, the light environment changes in different seasons and positions.
All plants near the base of forest have to adjust their internal strué-ture and
physiological activities adapting to variant light environments for life endurance and
reproduction. The purpose of this study is to investigate the changes of seedling
growth and leaf morphology in different simulate light intensity on three kinds of
native broad-leaved species: Ring-couple oak (Cyclobalanopsis glauca), Camphor
tree (Cinnamomum camphora) and Formosan ash (Fraxinus griffithii). The simulate
light intensities were indicated in relative light intensities which were 15%, 30%, 60%
and 100%. Results showed that growth of these three species were affected by light
intensities. The height, ground diameter, dry weight accumulation, Dickson seedling
quality, stomatal density and leaf thickness of these three species were increased with
light intensity. Therefore, the height of Camphor tree was decreased with light
intensity. The ratio of chloroplast, starch grain and oil body area in palisade cell was
increased with light intensity. But the amounts of chloroplast, starch grain and oil
body in Formosan ash were decreased in high light intensity.

References

(1) Strauss-Debenedetti S. and F. A. Bazzaz 1991 Plasticity and acclimation to light
in tropical Moraceae of different successionl positions. Oecologia 87: 377-387.
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Fig. A and B The leaf cross section in relative light intensities on 15% and 100%
of Ring-couple oak. ( Bar = 50 1z m)

Fig. C and D The leaf cross section in relative light intensities on 15% and 100%
of Camphor tree. ( Bar = 50 z m)

Fig. E and F The leaf cross section in relative light intensities on 15% and 100%
of Formosan ash. ( Bar = 50 1z m)
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Fig. 1. Electron micrograph of the sham-operated animals.BV: blood vessel.
Fig. 2. Electron micrograph at the onset of reperfusion.
Fig. 3. Electron micrograph at 2 hours after reperfusion.V: vacuole.

Fig. 4. Electron micrograph at 6 hours after reperfusion.
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Apoptosis induced by S-lapachone in human endothelial cells through Ca*"-calpain
dependent pathway.

Kung, Hsiu-Ni'? (3 % #2)* ; Yang, Li-Jyun® (##] &) ; Lien, Yi-Chen’ (i£ &%) ; Chau,
Yat-Pang® (A #% M) and Lu, Kuo-Shyan' (& )

1Department of Anatomy and Cell Biology, School of Medicine, National Taiwan
University, Taipei, Taiwan, R.O.C.

*Department of Anatomy and Cell Biology, School of Medicine, National Yang-Ming
University, Taipei, Taiwan, R.O.C.

Since neovascularization is an essential process in the development of tumor, it is
conceivable that anti-angiogenesis may be a strategy for blocking the growth of tumor.
f-Lapachone (3, 4, dihydro-2, 2-demethyl-2H-naphtho-[1, 2-b] pyran-5, 6-dione), a
natural product extracted from the lapachone tree (Tubebuia avellanedae), is a novel
chemotherapeutic agent that has been shown to have anticancer and antiviral effects.
However, the mechanism mediated of B-lapachone-induced cell death is unclear. Here
we report that S-lapachone induced human endothelial cells underwent apoptosis
determining with acridine orange staining, annexin-V labeling and propidium iodide
uptaken by fluorescence microscopy and flow cytometry. Moreover, intracellular
calcium influx and decrease of mitochondrial membrane potential (MMP) occurred in
Flapachone-induced apoptosis. Activation of calpain also involved in this process,
result from western blotting showed that the large subunit of calpain cleaved into smaller
fragments. Cotreatment with general caspase inhibitor zZVAD-fmk failed to prevent
apoptotic cell death. By contrast, addition of calpain inhibitors, ALLM (calpain II
inhibitor) or ALLN (calpain I inhibitor), and intracellular calcium chelator, BAPTA,
provided significant protection preventing apoptosis mediated by S-lapachone treatment.

In summary, we show that (1) f-lapachone mediated a unique proteolytic
apoptotic pathway via calpain activation, and (2) calcium signaling and activation of
calpain may play important keys in the mechanism of B-lapachone-induced human

endothelial cell apoptosis.
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Involvement of calcium signal and ERK, p38 and JNK activation in the mechanism of
B-lapachone-mediated apoptosis on human prostate cancer cells

Lien, Yi-Chen GE'H¥)* ; Chau, Yat-Pang (JE:&[E)

Institute of Anatomy and Cell biology, School of medicine, National Yang-Ming
University, Taipei, Taiwan, R.O.C.

Prostate cancer is the most commonly diagnosed neoplasm in western countries.
However, this type of cancer is resistant to chemotherapy. Identification of anticancer
chemicals for prostate cancer would be an important event. -Lapchone (3,4,dihydro-
2,2-dimethyl-2H-naphtho-[1,2-b]pyran-5,6- dione), a natural product extracted from
the lapacho tree (Tabebuia avellanedae), has been shown to have anticancer and
antiviral effects. In this study, we investigate whether -lapachone exerts its cytotoxic
effect to human prostate cancer cells (DU-145) and the signaling pathway underlies
the mechanism of -lapachone-mediated cell death. Our present results showed that
cotreatment with general caspase inhibitor-z-VAD-fmk and calpain inhibitors,
including ALLM or ALLN failed to prevent apoptotic cell death induced by
B-lapachone. On the other hand, addition of NQO1 inhibitor (dicoumarol) or
intracellular calcium chelator-BAPTA provided significant protection from apoptosis
by preventing calcium efflux and calpain activation in DU-145 cells.Moreover,
treatment of B-lapachone triggered the activation of ERK, p38 and JNK. Taken
together, we suggest that the -lapachone exerts its cytotoxic effect on DU145 cell
line dependent on calcium signal and ERK, p38 and JNK pathways.

Fig. 1 Protection of HPC cells from B-lapachone-mediated apoptosis by addition of
(A) NQOI inhibitor or (B) intracellular calcium chelator ,but not of (C) caspase
inhibitor and calpain inhibitor.

Fig. 2 Detection of calcium influx in HPC cells after 3-lapachone treatment.

Fig. 3 Analyses of HPC cell apoptosis after cotreatment with BAPTA / dicoumarol
and 3-lapachone or treatment with 3-lapachone alone by AO staining.

Fig.4 Calpain activation and ERK, p38 and JNK phosphorylation in
B-lapachone-mediated HPC cell apoptosis .
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FINE STRUCTURAL OF POLLEN NERVILIA SPECIES IN TAIWAN

CHEN, Jenn-Yih(F& 4k %) HSU, Hong-Kao(## £) and YEH, Mau- Shing( # 7%
%)

1 Department of Agronomy Science, National Chung-Hsing University, Taichung.
2 Department of Plant Pathology, National Chung-Hsing University, Taichung.

Nervilia is perennial plants of Orchidaceae. Totally fifty kinds, pertinence
characters have reports but no relate to the fine structural of pollen In this studied,
we collected 3 species: N. plicata (Andr.) Schltr., N. aragoana Gaud and N.
nipponica Makino from Taiwan and observe pollens surface by SEM.

Fixed the specimens of anthesis. pick off the petals in 2.5% glutaraldehyde in
0.1M solution-phosphate buffer (pH 7.0 ) 3 hrs rinsed two times. in the same buffer
added 5% sucrose each time 15 minutes, dehydrated in graded ethanol series
(50,70,80,90,95,100%) 10 minutes each. Critical point dried the specimens,
mounting the dried specimens on the stub with double- stick tape coating with gold
(200nm). Observed with scanning election microscope (Topcon 150S) at 15 KV,

All of the collected species are similarity of appearances sizes and fold back
strip figures on low. magnification (A.C.E ) .Compare the fold back strip figures
difference on high magnification (B.D.F). The N. plicata (Andr.) Schltr. have the
largest of strip(B). N. nipponica Makino. have middle of strip (F). N. aragoana Gaud
have the smaller of strip (D). The difference of the fold back strip structural on pollen
surface were first report will could be the benefit for the taxonomy collate.
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(I)Argue, C. L. 1980 Amer. J. Bot. 67(1):68-87.

(2)Chen, S. J. and T. C. Huang. 1993. Taiwania 38:67-89.

(3)Hsiao, L. C. and C. S. Kuoh. 1995. Taiwania 40(3):299-316.

(4)Perez-Munoz, C. A, J. A. Jernstedt, and B. D. Webster. 1993a. Amer. J. Bot.
80:1183-1192.

(5)Perez-Munoz, C. A, J. A. Jernstedt, and B. D. Webster. 1993b. Amer. J. Bot.
80:1193-1202.
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EGG IDENTIFICATION OF MARINE FISHES, GROUPERS

HUANG, Jing-Duan ! WU, Ching-Hsiang ! LAIRD, Rebecca > DAWKINS, Roger >
and YANG, Jui-sen '
1. Institute of Marine Biology, National Taiwan Ocean University, 202 Keelung,
Taiwan
2. Center for Molecular Immunology and Instruments, The University of Western
Australia, Australia

The kinds, composition, and density of marine fish egg are the basic information
of fisheries biology and population studies. The identification of fish eggs became the
important work in marine fish biology. Egg chorion ultrastructure has been studied by
light and electron microscopy to provide useful characteristics in the identification of
teleost fish eggs (Chen et al, 1999; Li et al, 2000). However, morphological
ultrastractural feature is not sufficient to distinguish among every species of eggs. A
cytochemical and molecular method would become another choice for the
identification of fish eggs. Glycoproteins in fish egg chorions are involved as key
components in the structural and functional organization of the chorion (Wassarman
1988). The glycoproteins in the chorions are a species-specific molecules and would
be thought to be the first selected antigen materials for the antibody as the probe of
egg identification. An immuno-probe againsta 97 KD glycoprotein in the egg chrion
was developed for the identification of the egg of a grouper, Epinephelus malabaricus.
The genome technologies were applied in studying the sperm receptor ZP3 of the
groupers, E. coioides and E. lanceolatus. The gene-scanning profiles of the PCR
products of grouper ZP3 showed a high species-specific character.

References:

1. Y. H Li,C.C. Wuand J. S. Yang. 2000. J. Fish Biol. 56: 615-621.

2. L. Del Giacco, S. Diani and F. Cotelli. 2000. Dev. Genes Evol. 210(1): 41-46.
3. P. M. Wassarman, 1988. Ann. Rev. Biochem. 57: 415-442.

Fig. 1 Epinephelus coioides egg (a)and micropyle (b)

Fig. 2 Epinephelus lanceolatus egg (a)and micropyle (b)

Fig. 3 Gel scanning of PCR products of Epinephelus coioides ZP3

Fig. 4 Gel scanning of PCR products of Epinephelus lanceolatus ZP3
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FABRICATION OF ELETROSTATIC PHASE PLATE IN TEM
Huang, Wei-Tsung (E{&5%), Chen, Fu-Rong([H#52%) and Kai, Ji-Jung (BAZh )

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

ABSTRACT

The phase plate mechanism plays an important role in the high resolution of
biological samples or the doping area of the materials with transmission electron
microscope. Unfortunately, there are no proper methods to achieve the goal.

In light microscopy, the phase observation problem has been solved for a long
time by Zernike. There have been several attempts to apply this technique to TEM,
but most them are not be put into practice due to various problems such as charging,
contamination, difficulties in positioning and fabrication.

Some use a thin, amorphous film of appropriate thickness with a small hole at the
center that allowed the direct beam to travel through. However the phase shift of the
electron wave could not be fully controlled due to variations in film thickness,
charging, and unwanted scattering electrons. In order to construct a better phase
plate, it is important to avoid using any materials in the pathway of the electron
wave.

Our purpose is to fabricate an electrostatic phase plate which contains a ring
electrode, shielded by earthed electrodes (see Fig.2). The phase shift, which is
proportional to the potential integrated along the optic axis, is constant inside the
ring. With the device in the back focal plane of the object lens (see Fig.1), we can
construct a phase contrast electron microscope.

However, we use MEMS technology to produce the whole aperture holder with
the phase plate on one aperture (see Fig.3).

REFERENCE
1. Ultramicroscopy Letter 63(1996)5-10, Akira Tonomura; Takao Matsumoto
2. Ultramicroscopy Letter 88(2001)243-252, Radostin Danev; Kuniaki Nagayama
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Fig.1 The sketch of the electrostatic phase plate in TEM

Fig.2 upper shows the cross section of the phase plane which contains five layers. Three of them
are electrode layers (gray) and two are insulators (red). '

Fig.2 lower shows the plane view of the phase plate.
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Fig.3 shows that we fabricate a holder with the phase plate to displace the JOEL aperture holder.

!
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JOEL JEM-FX2000ll aperture holder

screw hole aperture
PC Board Phase Plate
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Vanadium oxide Nanowires for Electrochromic Devices
Cheng Keng-Jer(Z{#ET), Kai Ji-Jung (BF%k 1) and Chen Fu-Rong([H1E4%

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

Electrochromic device are the most popular area of all swithcing technology.
Thousands of patterns have been issued in last 3 decades. The major advantage of
electrochromic materials are (1) they only require power during swithcing; (2)
require a small voltage to switch(1-5v); (3) are specular under all conditions; (4)
have continuous dimming; (5) have a long tern memory(12-48 hr). vanadium oxide
has been widely investigated to use as starting and/or host material for fabrications
of electrochromic device (ECD).

The growth techniques of vanadium oxide thin films have been had many
reports, but studies on nanosize vanadium oxide are still rare. The benefit of using
nanosize vanadium oxide is to shorten reaction time from minute order to second
even milli-second order.

The growth method of nanowire is based on thermal evaporation of vanadium
oxide powders (99.95%) without the present of catalyst. The vanadium oxide
powders were placed at the center of Al,O3 boat and inserted in a horizontal tube
furnace, where the temperature, pressure, and evaporation time were controlled. We
kept the following parameter constant: (1) evaporation temperature, 650°C; (2)
evaporation time, 8 hours; (3) chamber pressure,3*10™ Torr; (4) air flowing rate, 30
sccm. During evaporation, the products were deposited onto ITO glasses on an
alumina plate placed at the downstream end of the quartz tube.

The deposited products were characterized and analyzed by scanning electron
microscopy. Fig.1 showed the morphology of the vanadium oxide nanowires. The
shape of the nanowires are column or belt like. The average dimension is 20+/-20
nm and length is up to 1 pum by the tunneling electron microscopy (TEM)(JEOL
JEM-2000 FXT) in Fig.2(a), and the high resolution TEM (HRTEM)( JEOL
JEM-2010F Field Emission Gun TEM) show in Fig.2(b). The energy dispersive
X-ray scattering(EDX) in Fig.3(a). The EDX data showed us the O and V peaks are
too close to identify the component ratio. So we have to get X-ray diffraction (XRD)
and TEM diffraction pattern to identify the structure. The growth of vanadium oxide
is not controlled by the well known vapor- liquid- solid (VLS) mechanism instead of
vapor-solid (VS) process. The morphology of vanadium oxide is very sensitive to the
substrate temperature. The vanadium oxide electrochromic device showed in
Fig.3(b).
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Fig. 3(a) Energy dispersive X-ray spectroscope of single nanowire. Cu signal comes from the
copper grid. (b) vanadium oxide electrochromic device.
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Zinc Oxide Nanowires Growth Controlled By Different Oxygen Pressure
Chen, Ko-Feng([##}£%), Chen, Fu-Rong([f#g4%) and Kai, Ji-Jung (BF#H)

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

1. Introduction

One-dimensional nanostructures such as carbon nanotubes and inorganic
nanowires are expected for future application for electronic, optoelectronic, and
nanoelectromechanical systems[1,2]. Fabrication of nanowires of Si, Ge, GaAs,InP
and a variety of oxides has been reported[3]. Among these, zinc oxide (ZnO) has
attached much attention because of its wide application for various optoelectronic
devices. This material has a direct band gap of 3.3eV and a large exciton binding
energy o f 6 OmeV. Efficient e xcitonic UV laser actions have b een d emonstrated at
room temperature[4]. The understanding of the properties of this material is critical
to successful device fabrication .We do a series of experiments to confirm the
influence of oxygen pressure for fabrication of ZnO nanowires.
2. Experiment

The ZnO nanowires or nanorods were fabricated by the following procedure.
The substrate (ITO glass) was cleaned by ethanol (C,HsOH), and then loaded on a
quartz boat filled with metal zinc powder. The quartz boat was inserted into a quartz
tube. The vertical distance between the zinc source and substrate was about 5 mm.
The quartz tube was heated up to 450°C under air ambient and then held this
temperature for 2 hours. We changed the pressure of air (from 120Pa to 2200Pa,ie.
Oxygen pressure from 24Pa to 440Pa) and then observed by scanning electron
microscope(SEM).
3.Results

Fig.1~3 show the ZnO nanowires and nanorods grew under the air ambient
120Pa, 1800Pa, and 2200Pa respectively. The diameter of ZnO nanowires is
increased with larger oxygen pressure. In Fig.2, the diameter of ZnO nanorods is
about 200nm, and the tip of the ZnO nanorods is about 7nm. Because of the turn on
field inverse to radius, it is beneficial for field emission. In Fig.3, cross view of ZnO
nanorods looks like flowers. However, ZnO is Wurtzite structure and prefer
orientation is (0001). Therefore, the cross view shall be hexagonal. The result is
quite different with that, so it may be the unstable product, and we can identify the
structure by TEM. It will be the big attribution for ZnO growth.
Reference
1.J. A. Hutchby, IEEE Circuits Devices Mag.,18,28(2002)
2.D. Routkevitch, IEEE Trans. Electron Devices,43,1646,(1996)
3.P. Yang, Int. J. Nanosci. ,1 ,1(2002)
4.P. Yang,Science,292,1897(2001)
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Figl~3 show the ZnO nanowires and nanorods grew under the air ambient 120Pa ,1800Pa and
2200Pa respectively. Fig.(b) is zoom out from the Fig.(a).
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Zinc Oxide Nanorod Preparation by Thermal Evaporation Method
Lin, Sheng-Hui(#f & fif), Chen, Fu-Rong([#%2%) and Kai, Ji-Jung (FFEh )

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

Since the discovery of carbon nanotubes, one-dimensional nanomaterials have
attracted global attention. one-dimensional nanomaterials reveal some novel
characteristics that are different from those of the bulk materials and are great
interest for potential nanodevice applications[1].

Zn0 is a wide band-gap (3.37ev) compound semiconductor that is suitable for
short-wavelength applications such as blue light and ultraviolet lasing. Besides, its
exciton binding energy is~60mev at room temperature, substantially larger than that
of ZnSe (22mev) and GaN(25mev)[2].

Much effort has been devoted to the development of the growth techniques for
one-dimensional ZnO nanostructures[3]. Among the various methodologies, thermal
evaporation method is favored for its simplicity and high quality products. In this
work, Tacuchi experiment method was first used for choosing the adequate thermal
evaporation parameters . Then fine tune these parameters to get the optimum
condition.

Our synthesis is based on thermal evaporation of zinc powders (99.95%) under
controlled parameters without the present of catalyst. The powders were placed at
the center of silica tube and inserted in a horizontal tube furnace. Three parameters
were chosen-evaporation temperature, argon gas flow rate, mole ratio of Ni/Zn. And
three levels were defined. Totally nine experiments were carried out.

During evaporation, the products were deposited onto ITO glasses.
The deposited products were characterized and analyzed by scanning electron
microscopy (Fig 1). It revealed that ZnO nanowires are more vertical in high
evaporation temperature and low Ar glow rate. But mole ratio of Ni/Zn didn’t seem
strong relation with nanowire structure. According to the Tacuchi’s result, optimize
the experiment parameters to get the vertical ZnO nanowire (Fig 2a). The dimension
is about 500X50nm and length up to 2 pm. EDX indicated that the ratio of
oxygen/zinc is about 0.82.

[1] Alireza Nojeh, Nano Lett 2003, 3, 1187.

[2] P. Yang, Adv. Mater. 2003, 15,353.
[3] Zhong L. Wang, Adv. Funct. Mater. 2003, 13, 9.
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The study for Aluminum implanted Zinc Oxide nanowires.

Wu, Zong-Yi (52 € 4it); Huang,Rong-Tan(Z45E);Jain, Wen-Bin(f 5 1)
Chen, Fu-Rong(FffE2€) and Kai, Ji-Jung (Bi%hH)

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

1. Introduction

Zn0 is the promising candidate for future optical device such as the short
wavelength light emitting, transparent conducting material due to wide bandgap
(3.37ev) and high binding energy (60meV) larger than GaN (28meV) or ZnSe
(19meV)[1]. Recently, ZnO nanowires have synthesized by vapor-phase transport
process via the vapor-liquid-solid (VLS) mechanism [2] .In our study, we discover a
new phenomenon that Al implanted ZnO nanowires became core-shell structure and
the increasing diameter size followed the adding dose of Al.
2. Experiment

The powder of ZnO on the crucible was placed in the center of high
temperature furnace, and the glass substrate with gold catalysts (40nm) was located
at the downstream end of the furnace. The chamber was maintained at 200 Pa with a
constant flow of pure Argon gas. Figure 1(a) shows the SEM image, ZnO nanowires
were formed uniformly on the glass substrate after 12 hours growth.The samples
were subsequently implanted Al” ions at fixed energy of 20 keV and doses of 2x10'¢
cm?, 4x10" cm ™ and 6x10'° cm 2 respectively, as show in Fig.1(b.c.d).
3.Results

Figure 2 shows the TEM image of Al implanted ZnO nanowires. Apparently,

the core-shell structure was formed. Figures 3&4 show the HRTEM images of the
cross section structure of as-deposited and Al-implented ZnO nanowires. Compared
Figs.3 and 4, core-shell structure was definitely existed in Al-implented ZnO
nanowires. Besides, Al are most despersed on the peripheral of nanowire, that is,
AlOx surrounded the ZnO nanowire. The detail results will presented in conference.
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Fig.3 HRTEM image of the cross section structure of a zinc oxide nanowire .Fig.4 HRTEM
image of the cross section structure of a Al implanted ZnO nanowire.
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Elucidation of Nano-material Electrical Transport Properties by TEM-STM System
Liu, Yee-Lang(Z{*K[), Chen, Fu-Rong(B#E4%) and Kai, Ji-Jung (Bi%h)

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

Nano-materials have received considerable attention in recent years owing their
unique properties from the bulk properties. However, conventional measurement
instrumentation can not probe the nano-size particle, making it hard to obtain the
electronic features. Such instrumentation can only acquire basic physical properties
for regiment of nano-particles. However, obtaining the characteristics of individual
nano-particles is still extremely difficult, especially for electronic property, a probe
is necessary to contact with nano-particle, and the interference of the point contact
between particle and probe is significant. As above, a parallel observation must be
made during the measurement. In this manner, the transmission electron microscopy
(TEM) and the scanning probe microscopy (SPM) is appropriate for nano-particle
probing.

Based on the above, a nano-scale observation instrumentation system is
required. It should be able to observe the variation of the specimen when the
measurement process and can obtain the small signal from the nano-size materials.
The conventional measurement of electronic transport properties applies the
techniques of micro-electro-mechanical system (MEMS) to setup a micro-scale
device and put the nano-materials on this device to obtain the characteristic of this
material. But in this manner, the work needs a lot of time to prepare the device and
the signals from point connect between the device and material is hard to define.

In this study, the I-V curve of RuO, and the other nanowires had been probed,
the electronic properties could differ from the crystals. But there are also some
problems need to be eliminated

[Ref.1] Guise,O.L.,Anher,J.W. Jung etc.; Nano lett.2,191-193
[Ref. 2] Larsson,M.W.,Wallenberg,L.R. and Samuelson,L.;Microsco.and Microanal.
10,1-6
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INTERFACIAL CHARACTERISTIC STUDY OF MAGNETIC TUNNEL
JUNCTION BY USING ENERGY FILTER TRANSMISSION ELECTRON
MICROSCOPY

Huang, Rong-Tan *(B5££1%); Wu, Tien-Yuan *(% 4 J{), CHEN, Fu-Rong (BHfEZE)
KAL Ji-Jung *(BH#Ar), Chang, Yin-Ming "(3E§R4#), and Lin, Minn-Tong "(H#({#)

* Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.
b Department of Physics, National Taiwan University, Taipei 106, Taiwan.

Energy Filter Transmission Electron Microscopy (EFTEM) was employed to
characterize the local physical and electronic structure of FeO, o-Fe,0s, Fe;04 and
CoFe/AL,O3/CoFe magnetic tunnel junction (MTJ). A double arctangent function
background subtraction method [1] was improved and applied in MTJ. As we know
the basic of energy electron loss spectrum [2], the spectrum will provide the
distribution information of d-state electron of element at the L; and L, edge. It could
represent the spectrum as followed type: Spectrum = background + two Lorentzian
functions (L3 and L,). The background involved two parts: the continuous
exponential decadency of the interaction between electron and substance, and
2p-state electron jump into unoccupied continuum state. The residual portion of the
spectrum after subtract background will obtain the superposed result of two
Lorentzian functions, i.e. the two function are the characteristic edges of L; and L,.

e V2 initial states to

The L; and L, edge spectra are transitions from the 2p”* and 2p
nd*? and nd*? final states [1]. We could evaluate the d hole number by integrating
spectra intensity of L3 and L, edges, as shown in Fig. 1(a)&(b) and Table 1.

As results of the EFTEM and four-point analysis, the MR ratio of MTJ was
increasing with increasing annealing temperature up to 175 °C due to the
improvement of uniformity and interface roughness between CoFe and AlLOs;.
However, the MR ratio was decreasing with the annealing temperature over 175 °C
due to the degradation of element diffusion. Besides, by utilizing the double
arctangent function background subtraction method, iron and oxygen would react

and bond into FeO after 175and 200 °C, 30 min annealing. Moreover, the Ls/L; and
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d hole ratio (hsp/hsp,) increased with the elevating temperature, and the
bonding state of iron oxide will approach to a-Fe,O; at even more high
temperature. The detail results will present at the conference.

REFERENCE:
1. P.A. van Aken, and B. Liebscher, Phys Chem Minerals, 29 (2002) 188.

2. C. Colliex, T. Manoubi, and C. Ortiz, Phys. Rev. B, 44 (1991)1.1402.
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Fig. 1(a) The typical illustration diagram of the background subtraction
process of iron oxide L, 3 edge for 175 °C annealing.(b) The diagram of
integrating L3/L, spectra intensity ratio for different annealing
temperature, in contrast to rererence value.

Table 1

Sample Ref. data (Ls/L2)[1] Exp. Data (Ls/L,)

FeO 39 3.65
Fe,03 4.7 4.65
Fes0s 42 4,14
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HRTEM Study of Helium Bubble Formation in SiCf/PyC/B-SiC Composites by
Dual Beam Irradiation

T.S. Duh'(FEEED), KM. Yin"(BEBHEH), 1. Y. Yan' (ks —), P.C. Fang’(5{HLE), C.W.
Chen"(Si#: 52), F.R. Chen (B #24%),1.J. Kai®(BA#h)

a:Institute of Nuclear Energy Research, Lung-tan, Tau-yuan 325
b:Center for Electron Microscopy, Department of Engineering and System Science,
Nation Tsing-Hua University, Hsinchu 300

The formation of helium bubble in the advanced SiC composites,
Tyranno-SA SiC/Py-C/B-SiC (TSA) and Hi-Nicalon Type-S SiC /Py-C /B-SiC
(HNS), implanted with helium (He+, 2 MeV, 10000 appm) and irradiated by
dual-beam (He+, 1.5 MeV, 1500/15000 appm and Si3+, 6 MeV, 10/100 dpa) was
investigated in this study. The post-implantation annealing was carried out at
1000/1200/1400°C, and the dual-beam irradiation at 800/1000°C. For He
implantation, the helium bubbles were observed clearly only in the SiC matrix in the
case of annealing temperatures > 1200°C. For dual-beam irradiation, no He bubbles
were observed at dose of 10 dpa, but for doses up to 100 dpa, the He bubbles were
observed in the matrix. Under these irradiation conditions, the TSA and HNS fibers
showed a good microstructural stability against helium influence. In addition,
diffusion modes that have been used for the diffusion of helium in nickel are
suggested here to describe the diffusion behavior of He in SiC. Some of the
experimentally observed behaviors of helium in SiC may be well understood in
terms of these modes.

Helium Bubble Formation

Helium bubbles are formed by combining He atoms with vacancies, and most of
them are formed at grain boundaries. The He diffusion mode in the case of forming
He bubble should be via vacancy mechanism. Under irradiation the vacancy
diffusion may be enhanced, and therefore might promote the He migration to grain
boundaries. However the radiation-introduced defects, such as vacancy-clusters and
cavities, may also trap the helium in the grain. Therefore, irradiation would not
necessarily promote the formation of helium bubble on grain boundary. Under
certain conditions, irradiation may suppress the formation of helium bubble in SiC.
Experimentally, we can see the suppression effect on helium diffusion in SiC in this
work and the other dual-beam study:

(1) For b-SiC after He implantation of 1000 appm at room temperature and
annealing at 1050°C for 1 hour, helium bubbles were observed at grain boundaries
already.

(2) The dual-beam result of this work, with irradiation condition of 10 dpa/1500
appm He at 1000°C, showed no helium bubbles in b-SiC (implying the suppression
effect on helium diffusion in SiC).

(3) If the amount of free helium (i.e. the helium not trapped by defects) could
increase, the helium bubbles might be formed in SiC. This may happen in the case of
dual-beam irradiations with doses up to 100 dpa and helium grater than 6000 appm.
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The helium bubbles were observed only in the matrix for annealing temperatures > 1200°C, but for
annealing temperature of 1000°C, they were too small to be observed clearly. Most of the helium
bubbles accumulated along the grain boundaries. The average size of the helium bubbles was 3 nm for
annealing at 1200°C, and 8 nm for annealing at 1400°C. None of the helium bubbles was observed in
the carbon layers and fibers.

Dal Beam

For dual-beam irradiation up to 100 dpa/15000 appm at an irradiation temperature of 1000°C, He
bubbles were found in the matrix, but not in the fiber and carbon layer. For 10 dpa/1500 appm
dual-beam irradiation. no He bubbles were observed in the SiC.
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The improvement of HAADF image quality with wavelet de-noise method
YAN, Jing-Yi(BE¥E—); CHEN, Fu-Rong([##E2%) and KAL J i-Jung (FAERHY)

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

Generally, the conventional transmission electron microscope (CTEM) is employed
high coherent electron beam passing through the specimen and forms the image by
the interference. According the image formation mechanism, the resolution is limited
by the objective lens effect, defocus and dynamical scattering. Therefore, even
employing shorter wave length source, the resolution is merely slight improved. The
scanning transmission electron microscope (STEM) was invented by von Adenne
[1]. The main feature of the STEM is moving the electron beam across the whole
specimen and record all the scattered electron intensity to form the image. Generally,
the image resolution of the STEM mode is restricted by the probe diameter. Howie
proposed the high angle annular dark field (HAADF) detector to collect high angle
elastic scattered electrons to form image [2]. Besides, the image contrast is
determined atomic number without and phase problem. This is why HAADF
imaging also called Z-contrast imaging. In this decade, HADDF STEM has become
not only one of the most powerful tools to visualize material structure with atomic
scale but also the candidate of sub-A resolution microscope [3. 4]. Ideally, the
relationship of the HAADF image and probe can be description by following
formula in a non-dispersion approximation for localized Bloch states

I(RY=PT(RY®O(R) ...coveeeeeesecesi (1)

where ® is convolution operation. P*(R) and O(R) are denoted the PSF and
objective function, respectively. The Figure 1 shows the diagram of the formation
process. However, the electron beam current (intensity) is sacrifice when forming
smaller probe size. The lower probe intensity will cause the obviously influence of
noise in the Z-contrast image. Hence, the eq.(1) is not suitable for this situation due
to the eq.(1) should be rewritten as:

I(R)=PT(RYQO(R)+N(R) oo eeeeeeeee, (2)

where N(R) is the noise term. In this article, the wavelet de-noise method was
employed to remove the additational noise and restore the image quality. The results
are presented in the Figure 2.

Reference:

1. M. von Ardenne, Das elektronenmikroskop. Z. fur. Physik., 78:318-339, 1988

2. A. Howie, Image contrast, J. Microsc. 117:11, 1979

3. S. Lopatin, S. J. Pennycook, J. Narayan and G. Duscher, Z-contrast imaging of
dislocation core at GaAs/Si interface, Appl. Phys. Lett., 81:2728-2730, 2002

4. S.J. Pennvcook and L. A. Boatner. Nature. 336:565. 1988

—M-P-25—



Obiect function Probe function HAADF imace

Figure 1: The diagram of STEM image formation
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The Study of Tungsten Oxide Nanowires Applied for Electrochromic Devices

Liao, Chia-Ching(2Z ), Chen, Fu-Rong(BR1E4%) and Kai, Ji-Jung (B0 )

Department of Engineering and System Science, National Tsing Hua University,
Hsinchu, Taiwan 300, R.O.C.

Electrochromism, the reviersible change in optical properties when a material is
electrochemically oxidized or reduced, has a long history of fundamental and
practical interest. Commercial interest in electrochomism has centered around three
main types of product : displays, mirrors and windows.

The W Oj electrode is ubiquitous in electrochromic devices and is a common
choise as the EC layer for electrochromic window. Tungsten trioxide is considered
as the best cathodically-colored material. The electrochromic (EC) performance,
reversible coloration of certain materials under double injection of ions and
electrons, of transition metal oxides (TMO) such as tungsten oxide depends strongly
on the nature and structure of these material.

The growth techniques of tungsten oxide thin films have been had many
reports, but studies on nanosize tungsten oxides are still rare. In this paper, we have
successfully grown the nanowire structure of tungsten oxide on the ITO glass
substate and used it in the EC device.

Our synthesis is based on thermal evaporation of tungsten trioxide powders
(99.9%) under controlled conditions without the present of catalyst. The desired
oxide powders were placed at the center of and silica tube inserted in a horizontal
tube furnace, where the temperature, pressure, and evaporation time were controllzd.

The deposited products were characterized and analyzed by scanning electron
microscopy in Fig.1 showed the morphology of the tungsten oxide nanowires and the
cross-sectional view of the ITO glass substrate. It is apparently showed the shape of
the nanowires are column like. We measure the average dimension and length which
are 52+13nm and up to 5 um by the tunneling electron microscopy (TEM)(JEOL
JEM-2000 FXII) in Fig.2(a). The high resolution TEM (HRTEM)( JEOL
JEM-2010F Field Emission Gun TEM) in Fig.2(b) indicates the crystalline structure
of the nanowires prepared in our experiment. On the other hand, we identified the
composition of the nanowires in energy dispersive X-ray scattering (EDX) in Fig.3.

Finally, we have made a electrochromic device (ECD) used the tungsten oxide
nanowires as the EC layer. Fig 4. show the ECD can be converted from transparent
into deeply blue colored by proton (or cation) injection from a suitable electrolyte or
ion conductor.

—M-P-27—






EFFECT OF Zr IN CAST HIGH-ENTROPY 10-COMPONENT
AITiVCrFeCoNiCuZrMo (Mo-10) ALLOY

Huang, Hung-Hsiangl, Hsu, Tungl, and Chen, Swe-Kai?

' Department of Materials Science and Engineering, National Tsing Hua University,
Hsin-Chu 300, Taiwan
? Materials Science Center, National Tsing Hua University, Hsin-Chu 300, Taiwan

INTRODUCTION

High entropy alloys, unlike conventional alloy composed of several components with
one or two dominant elements, contains equi-mole fraction component elements. The
Gibb’s free energy with large and negative value at high temperatures, due to large
and negative value of TA S, results in the name of “high entropy alloy.” Some
microstructure characteristics of AITiVCrFeCoNiCuZrMo alloy (Mo-10) and
AITiVCrFeCoNiCuMo (Mo-9) alloy are reported. g

EXPERIMENTAL

Both Mo-10 and Mo-9 alloys were made by arc-melting in a water-cooled copper
mold with Ar atmosphere protection. Purities of all constitutional elements are above
99%. As-cast samples were polished, etched with aqua regia and then observed with
the scanning electron microscope (SEM). Elemental analysis was also performed on
the SEM/EDS instrument. The crystal structures were determined by X-ray diffraction
(XRD).

RESULTS and CONCLUSION

Fig.1 is the XRD patterns of Mo-10 and Mo-9. Mo-9 has only one BCC (a=2.945 A)
phase, whereas Mo-10 has one BCC (2=3.004 A) and one FCC (a=4.25 A) phases.
Fig. 2 is the typical dendritic structure of Mo-10, in which the light dendrite is Mo-,
V-, Cr-rich phase while the dark interdendrite is Zr-, Fe-rich. A third phase, the gray
nodular areas are Ni-, Al-, Ti-, Cu-, Co-rich. The SEM image of Mo-9 (Fig. 3) also
shows three phases, but the dendritic structure is less prominent than that in Mo-10.
Figs. 4 and 5 are higher magnification SEM images of Mo-10 and Mo-9, respectively.
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EFFECTS OF Cr DOPING ON THE MICROSTRUCTURE AND
FERROELECTRICITY OF Bis zsLag 75Ti301, FILMS

CHANG, Tian-Lin (78X E) and LIN, Wen-Tai ($A321)

Department of Materials Science and Engineering, National Cheng Kung University,
Tainan.

Ferroelectric thin films have attracted great interest in recent years for
applications in integrated nonvolatile ferroelectric random access memories.
(Pb,Zr)Ti0; thin films with Pt electrodes show severe polarization fatigue during
electric field cycling. Recently, it was reported that Bis,slag75Ti3O1, (BLT) thin
films with Pt electrodes show good fatigue endurance and larger ferroelectricity.'
Incorporation of higher-valent cations such as V>" and W°®" into the Ti*' site of BLT
lattices can reduce the amount of oxygen vacancies and thus result in an increase of
remanent polarization (2P;).2 The ionic radii of Cr®", 0.044 nm, is much smaller than
that, 0.0605 nm, of Ti**, dissatisfying the tolerant factor for forming a substitutional
solid solution of (Bis2sLag7s)(Ti3xCry)O12 (BLTCy), therefore, it is interesting to
explore the effect of Cr doping on the ferroelectricity of BLT films.

The BLTCy films with 10 mol% excess Bi were fabricated on Pt(100
nm)/Ta(7.5 nm)/Si10,/Si(100) substrates using a chemical solution deposition (CSD)
method. The Pt/Ta multilayer was deposited by electron-gun evaporation. The
BLTC, and Bi,03 precursor solutions were spin coated onto the substrates at 4000
rpm for 30 s, respectively. The thickness of the BLTCy films was about 250 nm. The
Pt/BLTC,/Pt capacitors were annealed at 750°C for 10 min in air.

Figure 1 shows the change of 2P; as a function of the Cr concentration (x) in
the BLTC, films. The 2P, of BLTC; films decreases from 30 p,C/cm2 atx =01t09.2
uC/cm? at x = 0.03. XRD analysis showed that no second phase was formed in the
BLTCy 3 films and the lattice constant of BLTCg 03 was somewhat smaller than that
of BLT films, indicating that Cr ions were substitutionally incorporated into the Ti
site of the BLT lattice. The SEM micrographs in Fig. 2 show that as the Cr
concentration (x) was increased up to 0.03 the shape of some grains changed from
rod to plate, indicating the formation of c-axis preferred orientation. BLT films have
a large and a quite small polarization along the a and c axes, respectively.
Furthermore, the remained rod grains became slim. The decrease of grain size can
enhance the domain pinning effect, resulting in polarization suppression. In addition,
the doping of smaller-radius Cr®" into the Ti*" site of the BLT phase may reduce the
distortion of the TiO¢ octahedra, resulting in the decrease of 2P,. On the other hand,
the doping of higher-valence cation Cr®" into the Ti** site of BLT phase can reduce
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the amount of oxygen vacancies in the films and thereby mitigate the pinning effect
of oxygen vacancies on the domain walls and grain boundaries, resulting in a larger
2P;. In the present study, therefore, upon Cr doping the effects of reduction of the
grain size and formation of the c-axis preferred orientation are dominant over that of
reduction of the amount of oxygen vacancies, resulting in the degradation of the
2P, of BLT films.

1. Park, B.H., Kang, B.S., Bu, S.D., Noh, T.W.,, Lee, J., and Jo, W.; Nature, 1999

(401) 682.
2. Noguchi, Y and Miyayama, M.; Appl. Phys. Lett., 2001 (78) 903.
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Characterization of Ta,;Os.x thin films Prepared by RF magnetron
sputtering

PAI, Yi-Huo (H2£%%); LU, Chih-Jung (B %4%) and SHIEU, Fuh-Sheng (B2 Z )

Department of Materials Engineering, National Chung Hsing University, Taichung 402,
Taiwan

Thin films of tantalum pentoxide (Ta;Os.x) were deposited on polyethylene
terephthalate (PET) substrates by RF magnetron sputtering with different oxygen flow ratios
ranging from0.6 ~ 1.25. Microstructure of the films was investigated by transmission
electron microscopy (TEM) and field-emission scanning electron microscopy (FE-SEM).

Selected area diffraction (SAD) patterns of the Ta,0s., films with different Oy/Ar flow
ratios of 0.6, 0.8, and 1.25 are shown in Fig. 1(a), (b), and (c), respectively. It can be seen
that the oxide films grown at low oxygen flow ratios of 0.6 and 0.8 are amorphous. In
contrast, it consists of a mixture of crystalline and amorphous phases at high O,/Ar flow ratio
of 1.25. A 3-dimensional view of the SAD pattern of Fig. 1(c) is shown in Fig. 1(d), in which
the sharp 001 reflection of Ta,Os, indicating a crystalline structure, is readily seen.

A TEM bright field image of the Ta;Os. films prepared at O,/Ar flow ratio of 1.25 is
shown in Fig. 2(a). The film consists of nanocrystalline grains uniformly distributed within
an amorphous matrix. Figure 2(b) is the cross-sectional TEM image of the films. For
comparison, the intensity profiles of the diffraction rings in the SAD patterns of Fig. 1(a)-(c)
are shown in Fig. 3. The 001 reflection of the Ta,Os phase, which has an orthorhombic
structure, from the specimen prepared at high O,/Ar flow ratio of 1.25, corresponding to a d
spacing of 0.388 nm, is easily discernible from that of the other specimens. Figure 4 shows
the FE-SEM image of the Ta,0s., films deposited at an O,/Ar flow ratio of 1.25 for 60 min.
The surface morphology of the coatings shows a cellular morphology, in which small grains

(about 18 nm) aggregate and microcracks are present among the aggregates.
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Fig. 1. Selected area diffraction patterns of the oxide films prepared at O,/Ar flow
ratios of (a) 0.6, (b) 0.8, and (c) 1.25, respectively, (d) A 3-dimensional view of

Fig. 2. (a) Plan-view and (b) cross-sectional and TEM bright field images
showing the microstructure of the oxide film prepared at O,/Ar flow ratio 1.25.
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Fig. 3. Radial distributions of the Fig. 4. FE-SEM image showing the
intensity profile in the SAD patterns surface morphology of -the oxide
of Fig. 1(a)-(c). film prepared at O,/Ar flow ratio

1.25.
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SYNTHESIS and GROWTH of PENTAGONAL COPPER NANORODS

WANG Jen-Hung' (£4= %) ; CHEN, Chih-Hung® (B % % ) ; Chiu, Cheng Jie? (#F .42t )and
CHEN, Lih-Juann' (5 /7 1% )

'Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu,
Taiwan
*Nanmat Technology Co., LTD., Kaohsiung, Taiwan, Republic of China

One-dimensional metal nanowires and nanorods have attracted increasing
interest due to their unique physical properties and diversity for potential electronic
and photonic device applications. Among all metal nanowires and nanorods, copper
nanowire is the most promising materials for interconnection. However, pure single
Cu nanowires and nanorods are hard to prepare owing to the ease of oxidation of Cu
in the synthesis process. The better-known methods to fabricate copper nanowires
and nanorods are chemical solution-phase syntheses and electrochemical deposition
of copper inside polymer channels and anodic aluminum oxide. In the present study,
we introduce metalorganic chemical vapor deposition method as a new Cu nanorod
growth method which does not involove metal catalyst. The advantages of MOCVD
methods are low temperature process, large area growth, and no metal catalyst. %

Cu(hexafluroacetylacetonate)>(Cu(hfac),), which is a kind of deep blue
commercial precursor for synthesizing Cu nanorods and was provided by Nanmat
Corporation. Ar was the carrier gas to transport Cu(hfac), vapor in the CVD chamber
and the flow was 10-30 sccm. The reaction temperature of substrates (TaN wafer)
was 350-500 °C. Field emission scanning electron microscopy (JEOL-6500) clearly
revealed the general morphology of the Cu nanorods. TEM (JEOL-2010) was used to
characterize the crystal structure of Cu nanorods.

Figures 1(a) and 1(b) show the SEM images of the Cu nanorods grown onto
TaN substrate. The length of the Cu nanorod was about 1-2 um. The density of Cu
nanorods is very high and the distribution is rather uniform. Five-fold symmetry of
Cu nanorods was found from top view SEM images as shown in Figs. 2(a) and 2(b).
Figure 3(a) shows TEM dark field image of the Cu nanorod, and it was found that a
high density of parallel stacking faults was formed along the growth direction of the
Cu nanorod. The width of the Cu nanorod was about 50 nm from TEM analysis. The
structure of the Cu nanorod was single crystalline by diffraction pattern analysis as
shown in Fig. 3(b).

Cu nanorods with five-fold symmetry were successfully synthesized by
MOCVD method. In previous studies, gold nanorods were assumed to evolve from
multiply twinned particles (MTPs) with a decahedral shape. However, these studies
did not provide any evidence to confirm that cross sections of these nanorods indeed
exhibited a pentagonal shape. In the present study, Cu nanorods with pentagonal
shape was observed due to the Cu nanorods mostly grown vertically on the substrate
as shown in SEM images.
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Fig. 3(a) TEM dark field image of the Cu nanorod, (b) diffraction pattern of the Cu
nanorod.
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SELF-ASSEMBLED HEXAGONAL Au AND Ag PARTICLE NETWORKS ON
SILICON FROM Au AND Ag NANOPARTICLE SOLUTIONS
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Metal nanoparticles have been widely investigated due to their unique
applications in diversified fields. Many two-dimensional (2-D) arrays of metal
nanoparticles by self-assembly were successfully formed. In this study, we report the
self-assembly of hexagonal network of Au and Ag particles from Au and Ag
nanoparticle solutions as well as its underlying mechanism and technical
implications.

The colloidal Au and Ag nanoparticles were synthesized by a two-phase
method. Dispersion solutions of Au and Ag nanoparticles were prepared with 5.36 g
and 5 g of nanoparticles/liter (g/l) of toluene, respectively. A 10-pl droplet of
dispersive solution of nanoparticles was drop-cast with a micro-pipet on a 5 mm x 5
mm n-type (001)Si wafer. The solvent was evaporated while placing the substrate in
an air-extracting apparatus with appropriate airflow, humidity and temperature. Heat
treatments were carried out in a three-zone diffusion furnace in N, ambient.

Figure 1 shows the TEM image of the Au@TOAB-DT nanoparticles. The
average size of the Au nanodots was 4.9 nm. Regular hexagonal network was found
to form in drop-cast samples by self-organization with a wide range of conditions.
An example is shown in Fig. 2. After annealing at 400 ‘C for 60 min, the integrity
of honeycomb networks was still maintained. However, the ribbons of honeycomb
networks were found to thin down as well as to become disconnected. An example is
shown in Fig. 3. After annealing at 800 °C for 1 h, the ribbons of honeycomb start
to aggregate to the intersections which is attributed to the coarsening of Au structure
driven by minimizing the total surface energy. For annealing at 1000 ‘C for 60 min,
Au atoms from hexagonal skeleton aggregated further at the intersections. An
example is shown in Fig. 4.

The eutectic point for the Au-Si system is known to be as low as 363 C.
XTEM images revealed the presence of a thin layer of oxide at the Au/Si interface
and relatively small Au particles as shown in Fig. 5. The oxide interlayer stabilized
the Au particles so that the mixing of Au with Si and rapid diffusion into the
underlying Si are prevented. Figure 6 shows the SEM images of Ag networks after
annealing at different temperatures. With increasing annealing temperature, the
ribbons of honeycomb aggregate to the intersections gradually. The phenomenon is
rather similar to the formation of Au networks.
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Fig. TEM image of Au@TOAB -DT
nanoparticle superlattice showing a
long-range ordered and uniform in size
2-D array structure. Inset is a
magnified view of the selected region
of the superlattice. Another inset is the
FFT pattern of the selected area.
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Fig.2 SEM image of a 5.36 g/l Au
nanoparticles deposited sample. The
inset shows magnified view of selected
area.

Fig. 3 SEM image of 5.36 g/l Au
nanoparticles deposited sample
annealed at 400 ‘C for 60 min. The
inset shows magnified view of one of
the hexagons.

Fig. 4 (a) SEM image of Au
nanoparticles deposited sample
annealed at 1000 C for 60 min, (b)
magnified view of selected area in (a).

Fig. 5 XTEM image showing the
presence of a thin layer of oxide at the
Au/Si interface.
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Fig. 6 SEM images of Ag networks(a)
as-deposited and after annealing at (b)
400 C, (c) 600 C and (d) 700 C
for 60 min.
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SYNTHESIS OF NOVEL BLUE LIGHT-EMITTING Si;.xGex OXIDE
NANOWIRE NETWORKS ON Sigg Gey,.
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Department of Materials Science and Engineering, National Tsing Hua University,
Hsinchu, Taiwan.

Synthesis of novel blue-light Si,.xGex oxide nanowires catalyzed by the
self-assembled hexagonal Au particle networks has been achieved by thermal annealing
at 1080 ‘C for 5 min. The TEM and EDX studies indicated that the nanowires possess
an amorphous structure and are composed of Si, Ge, and oxygen. The
photoluminescence spectra showed that the Si;.,Ge, oxide structure emits blue light with
a peak at around 415 nm, which is in the blue light wavelength region.

Au honeycomb structure on a 5 mm x 5 mm Siys Geg, wafer was drop-cast from
the Au nanoparticle solution, which was synthesized by a two-phase method. After three
steps thermal annealing in a quartz tube at 400 “C for 30 min, 800 °C for 60 min, and
1080 ‘C for 5 min in N, ambient, the hexagonal Si;.xGex oxide nanowire networks was
obtained. The photoluminescence properties of synthesized nanowires were measured
using a He-Cd laser in the spectral range of 350-800 nm with a wavelength of 325 nm as
the excitation source. Morphology and structure of grown nanowires have been
examined by TEM and SEM analysis.

The honeycomb structure of Au nanoparticles on SiysGeg, wafer was first
obtained. After heat treatments, the hexagonal Au particle network was obtained, as
shown in Fig. 1. As the annealing temperature increased to 1080 “C and maintained for
5 min, the nanowires catalyzed by the hexagonal Au particles were formed, as shown in
Fig. 2. The top-view image and cross-sectional image of the nanowires are shown in F ig.
3. The chemical composition of the nanowires is about Si:Ge:0=20:2:11 determined
from EDS analysis. Figure 4 shows the TEM image of the Si1.xGex oxide nanowires,
which are shown to possess an amorphous structure. It is widely recogined that the
intensive light emission from Si oxide nanowires can be attributed to the oxygen
deficiency (O;=Si—Si=0,), and the structural defects were radiative recombination
centers in the amorphous Si oxide nanowires. The PL spectra of the synthesized Si,Ge;_x
oxide nanowires was analysed. An example is shown in Fig. 5. The nanowires have a
strong blue emission peak centered at 415 nm, which is in the blue-light wavelength
region. As a result, the light-emitting property of such synthesized Si;«Ge, oxide
nanowires was distinct from the Si oxide nanowires which have the PL wavelength
around 450~ 550 nm.
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The study of Nickel implanted Gallium Nitride
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Diluted magnetic semiconductors (DMSs) have long been of great interest as
they combine the two large branches in condensed matter physics; semiconductor
and magnetism. By using nonequilibrium growth conditions of low-temperature
molecular beam epitaxy (LT-MBE), a II-V based DMS, ferromagnetic (Ga,Mn)As
was successful prepared. Magnetotransport measurements revealed that the magnetic
transition temperature can be as high as 110K [1]. Studies on the II-V based DMSs
have become one of the fascinating subjects in the research fields of semiconductors
and magnetic materials.

Currently, in addition, little is known about the properties of GaN doped with
impurities that might induce ferromagnetic behavior. Some initial reports have
appeared on microcrystalline Ga;.,Mn,N with Mn contents up to x = 0.005 which
exhibited ferromagnetic behavior [2,3].

In our study, the undoped GaN with a thickness of 2.5 & m was grown by metal-
organic chemical deposition on a (0001) sapphire substrate, followed by a grown of
10-nm-thick Ni. Ni~ ions were implanted into the Ni(10nm)/undoped GaN films
with an energy of 72keV and does of 5x10'® cm 2, following we remove the
Ni(10nm) film by wet etching.

Based on the transport-of-ions-in-matter(TRIM) simulation, we discovery
that the buffer layer of 10-nm-thick Ni film not only reduce most of damage induced
by ion implantation in the GaN but also lose less of dose as shown in Fig.1(a)(b).
Fig.2(a) shows TEM image of the cross sectional view of the Ni-implanted GaN.
The HRTEM image of Ni-implanted GaN shown in Fig.2(b) indicates that there is
less distortion of the lattice in Ni-implanted GaN film and no amorphous layer
formed. Fig.2(c) shows the SADP from the implanted region. We only observed the
diffraction of the GaN hexagonal crystal structure and there are no obvious extra
spots from secondary phase formation.

Reference

[1] H.Ohno, Science 281, 951 (1998)

[2] W. Gebicki, J. Strzeszewski, Appl. Phys. Lett. 76, 3870 (2000)
[3] M. Zajac, R. Doradzinski, Appl. Phys. Lett. 78, 1276 (2001)
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Fig. I TRIM simulation of ion range distribution (a) and vacancy distribution (b)
for Ni doped Ni(10nm)/GaN films
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Fig. 2 (a) TEM image of Cross sectional view of Ni-implanted GaN
(b) HRTEM image of Ni-implanted GaN, showing no amorphous layer formed.
(c) SADP from'the implanted region, showing no second phase formed.
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OXIDATION BEHAVIOR OF TiN WITH A Ti INTERLAYER ON STAINLESS
STEEL
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TiN thin films with a Ti interlayer were deposited by hollow cathode discharge ion
plating on AISI 304 stainless steel. Characrerization of the TiN coatings oxidized in air at
temperatures of 600 ‘C in air for 30 min was carried out by transmission electron
microscopy (TEM).

A cross-sectional TEM image of the as-deposited titanium nitride coating with a Ti
interlayer on steel substrate is shown in Fig. 1. The TiN coating with a Ti interlayer is
mainly composed of columnar grains, and a very good epitaxial relation between these two
layers. A close look at the Ti-steel interfacial region, there exists a thin layer which
thickness is approximately 15 nm, it is believed that composed of Fe,Ti intermetallic phase
based on the SAD pattern'?. It is interesting that there is a pit on the surface of steel
substrate due to electropolishing and the later deposited Ti layer and TiN coating grew along
the morphology of the steel surface.

Figure 2 shows the cross-sectional electron micrograph of a TiN-coated specimen
oxidized at 600°C in air for 30 min. The porous TiO, oxide layer, about 275 nm in
thickness, is present on the coating surface, but it retains the columnar structure as the TiN
coating. The center of the coating still retains the columnar structure as well as the
as-deposited TiN coating. It can be distinguished from the image contrast in Fig. 2 around
the Ti-steel interface, there are two distinct regions appearing in the Ti interlayer.
Heat-treatment has made the base part of the columnar Ti grow into equiaxed grain structure
due to grain growth. It is noted that the region of Fe,Ti intermetallic phase becomes thicker
undergo grain growth after heat-treatment. Interdiffusion was occurred between the Ti
interlayer and steel substrate during the heat treatment, resulted in a different contrast within
the Ti interlayer and a diffusion layer of Ti about 100 nm in depth under the steel surface.

References
(I)Wen - L. S,, Jiang » X. and Si » C. Y. ; J. Vac. Sci. Technol., A 1986 (4) 2682.
(2)Shieu-F. S., Cheng L. H., Shiao * M. H. and Lin" S. H. ; Thin Solid Films 1997 (311) 308
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Figure 2.Cross-sectional TEM micrograph of the 600°C oxidized specimen.
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The Investigation of Interface and Electrical Properties in GaAs Wafer Bonding

Ji-Hao Cheng' (%7 % £), Hao Ouyang' (BkF5 %) YewChung Sermon Wu® (& #842) ,
and Chen-Lun Lu’® (& iF 4)

'Department of Materials Engineering, National Chung-Hsing University, Taichong,
Taiwan 402, R.O.C.

? Department of Materials Science and Engineering, National Chiao-Tung
University, Hsinchu 300, Taiwan

ABSTRACT

Using energy-filter transmission electron microscopy (EFTEM), we investigated
the microstructure of the interface fabricated after twist-bonding(90°and 180%)
two N and P-type GaAs wafers respectively at a series of annealing temperatures to
evaluate the electrical performance of the compliant substrate!'!. We observed the
interface defect (fig.1) by high-resolution EFTEM and employed convergent
electron beam with size of 5~7nm to study the microstructures and oxygen
distribution around the interface(fig.2). The electronic structure of the bonding
interface was studied by the nano-beam electron energy loss spectrum (EELS). And
the oxygen EELS mapping was obtained by two methods: the jump-ratio mode and
three windows mode (fig.3)!*!. The high-angle annular-dark field (HAADF) image,
which was also called “z-contrast image”, was acquired in the mode of scanning
transmission electron microscopy (STEM) in order to understand the distribution of
oxygen near the interface. Energy dispersive x-ray spectroscopy (EDS) line-scan
(fig.4) will also used to confirm the oxygen distribution. At last, we analyze the
overall result which was obtained by TEM along with the electrical properties (I-V
curve). We find that in addition to the intrinsic difference in the electrical
performance of both the N and P-type wafers, the oxygen diffusion and oxides in the
interface will affect the overall electrical performance.

REFERENCE
1.Y.H. Lo, Appl. Phys. Lett. 59, 2311, 1999

2. Transmission Electron Microscopy and Diffractometry of Materials, B. Fultz, J.M.
Howe, 2002.
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ZnO nanodrill growth

CHIU, Hsu-Feng (8ff&4%); HE, Jr-Hau (47 &%); YANG, Tzu-Hsien (4 F %);
WANG, Jen-Hung (E£4= %) and CHEN, Lih-Juann (F& 1 &)

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

Shape, size, and orientation are the most important consideration for nano-
materials. 1-D ZnO has many structures such as nanowires, nanobelts, and
nanotubes. Aligned ZnO nanostructures are finding potential applications for optical
and electronic devices like laser, light emitting diodes, sensors, nanoresonators and
cantilevers. In addition, field-emission devices have been reported due to their great
physical properties, including its wide band gap (3.37 eV) and large binding energy.
There are many different methods to grow ZnO. In this paper, we report the growth
of nanodrill structure with 10-150 nm width and 1-2 pm length.

The fabrication process was carried out in an alumina tube. The source
materials were mixed pure ZnO and graphite powder (molar ratio 1:1) and placed in
an alumina boat at the high temperature zone. The temperature was between 500 °C
and 1200 °C in the two zone alumina furnace and the holding time was 90 min. The
pressure was fixed in 200 Pa with the flow consisting of Ar 25 sccm and O, 5 scem.
The reduced Zn vapor formed from the source material in the high temperature zone
flowed to the sapphire substrate at the low temperature zone. The temperature,
pressure, flow, and the source quantity also influenced the shape. Hexagonal ZnO
epi-layer has grown along the special directions.

Figures 1 and 2 are the cross-section SEM image. Figure 1 shows the growth
of nanowires along three directions. Figure 2 shows the drill-like morphology of
ZnO. The outer drill shape could be induced from the defects in the inner crystal.
The defects bend the adjacent lattice. From Fig. 3 the TEM image shows the length
to be about 10-150 nm and width about 1-2 pm. Figure 4 is the high-resolution TEM
image showing the single crystal phase in the nanodrill and the presence of defects.
Figure 5 shows the 2-D lattice image. The lattice spacing between adjacent lattice
planes is approximately 0.26 nm corresponding to the distance between two (002)
crystal planes, confirming [001] as the preferred growth direction for ZnO nanowire
in the nanodrill.
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Fig. 2. Cross-section SEM image
showing the nanodrill structure.

Fig. 4. HRTEM image showing the

crystallinity of ZnO

2 “TIEEY
:q.ﬂo&\ c:&k\d E

Fig. 1. Cross-section SEM image
showing ZnO rods along three
nanodrill is about 100 nm wide and

directions.
Fig. 3. TEM image showing the

2 um long
33
f
.
Fe
“.

Ihhas P10y 3 T inds
P15, TR R
T R

PO Fyas 2N

—M-P-50—

showing the growth direction

Fig. 5. The HRTEM image
is along 0011



GROWTH OF CONED-SHAPED CARBON NANOTUBES BY ARC
DISCHARGE IN ANODE

LIN, Chih-Jen(#4 % 41=); KUNG, Sheng-Chin(# ¥ 4%); HSU, Chih-Ming(#% 87);
LI, Bean-Jon(% % #%); LAI Hong-Jen(48 % 1=)

Materials Research Laboratories, Industrial Technology Research Institute, Hsinchu.

Abstract:

Since multi-walled carbon nanotubes (CNT) were developed in 1991[1], CNTs
have been receiving attention for their unique characteristics and their potential for
use in various applications. Various synthesis methods of CNTs are developed. One of
the main methods for producing CNTs is the DC (direct current) arc discharge
between two graphite electrodes in a buffer atmosphere. Typically the buffer
atmosphere is helium, and formation of a nanotube-containing deposit on the cathode.
Several factors, such as the species of the buffer atmosphere and the density of carbon
vapor, influence the growth of CNTs. The pressure of the buffer gas is the dominant
factor in the chamber. This study presents the CNTs production without catalytic
metals by DC arc discharge performed in ambient helium at low-pressure (~ 5x10*
torr). After arc discharge, observation of several forms of CNTs is on the anode rather
than in that on the cathode. We found that different carbon structures such as typical
nanotubes, cone-shaped nanotubes, carbon capsules and awl-like structures are on the
anode.

Fig.1 showed the FE-SEM image of CNTs with diameters of approximately
15~30nm and 1~5 £ m long. It is almost free of defects as shown in Fig. 2 from the
high-resolution electron microscopy (HREM) image. Fig.3 and 4 presented the
HREM and field emission scanning electron microscopy (FESEM) images of
by-product in the deposit such as awl-like structure, respectively. Fourier
transformation method calculated the cone angle of these structures is approximately
20°. The calculation agrees the 19.2° cone angle for graphitic cones with five
pentagons [2]. Fig.5 showed the possible mechanism of the formation the structures.
If the stream of carbon atoms that are moving toward a growing structure ceases or
fluctuates, the unclosed matrix can close because the number of unsaturated carbon
bonds must be reduced as shown in Figs. 5a and 5b. Circular graphitic particles,
capsules, and polyhedrons are formed under this condition. In contrast, the perfect
graphite structures without defects are prone to stacking regularly into helical
structures with a closed faceted end, as depicted in Figs. Sc and 5d. The growth of
carbon materials, such as nanotubes or conical-shaped carbon, seems to be dominated
by dangling bonds, which are the violent fluctuations of the stream of carbon atoms.

Reference:
1. S. Iijima, Nature, 1991 (56) 354.
2. P.J. F. Harris, 75 “Carbon Nanotubes and Related Structures” 1999.
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Fig. 1 SEM image of the anode
deposit

Fig.2 TEM image of the nanotube with
defect free structure by the nanotube
and the capsule

Fig. 4 FESEM image of the awl-like
structure nanotubes.

Fig. 3 HRTEM image of the awl-like
structure nanotubes.

Fig. 5 Mechanism of growth

of deposit on the anode
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NEW GENERATION TECHNOLOGY OF SPECIMEN PREPARATION FOR
TRANSMISSION ELECTRON MICROSCOPE : APPLICATION IN HIGH
DENSITY OPTICAL STORAGE MEDIA

Lo, Shen-Chuan(# % 4) ; Chiang, Cheng-Cheng (i iE 3%) ; Lin, Chih-Jen(#k %5 4=) ;
Chen, Shu-Chen(fR# 8 ) ; Lin, Li-Jiaun(# & 48) ; Horng, Jain-Long(i & #£)

Microstructure and Characterization Lab., Materials Research Laboratories, Industrial
Technology Research Institute, Hsinchu.

Abstract :

Blu-ray disc (BD) has been rapidly developed as 25 GB high-density storage
media. Recently, a super-resolution near-field structure (super-RENS) disk is one of
the most promising technologies for a subterabyte optical storage of approximately
200 GB storage capacities. The discs usually consist of several layers in a sandwich
type structure with layer thickness around or below half hundred nanometers. A
typical high-density storage disc consists of a protective layer followed by a reflective
layer (e.g. Al or Ag alloy), dielectric (e.g. ZnS-SiO,)/ phase change recording (e.g.
Ge-Sb-Te or Ag-In-Sb-Te)/dielectric sandwich structure and a polycarbonate substrate.
Introducing more layers to recording layer (recording/ ZnS-SiO,/ PtOx/ ZnS-SiO,/
recording) with chance its recording mechanism can improve the disc properties such
as carrier-to-noise ratio (CNR)[1].

Good TEM specimens with thinner (~40nm) and large electron transparent area
are more important for advanced TEM characterization. Using the advanced TEM
techniques such as energy-filtering TEM (EFTEM) and high angle-annular dark field
(HA-ADF) can confirm the recording mechanism in high-density optical storage
media. In the past years, several cross-sectional TEM specimen preparation of optical
disc such as tripod (T-tools) method, focus ion beam (FIB) method and
ultramicrotomy are often used for TEM microstructure characterization [2,3].
However, both FIB and ultramicrotomy methods cannot provide large electron
transparent area and have artifact problem. Now the advanced TEM specimen
preparation technology with T-tools, low angle (~2°) and low energy (0.5~1kV) ion
milling method has been successfully to prepare the high-density optical storage
media TEM cross-section specimens.

Fig.1 showed the cross-sectional TEM image of typical optical storage media
preparation by advanced TEM specimen preparation. Investigation showed that this
preparation method is successfully and allows for detailed studies on layer
morphology and layer composition identified. Fig.2 showed the high-resolution TEM
image of A area which across the recording layer to corroborate the interface between
the dielectric layer and recording layer. The image revealed there is an unknown layer
near upper recording layer. Further, advanced analytical methods using HA-ADF
technique (Fig.3) can be applied to gain detailed, spatially resolved knowledge on the
chemical composition of disc.

Reference:

[1]. Kim, J. et al. ; Appl. Phys. Let., 2003 (83)9 1701.
[2]. Giannuzzi, L.A. et al. ; Micron, 1999 (30) 197.
[3]. Zhang, H. et al. ; Micron, 2002 (33) 515.
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Fig.1 Clear cross-sectional TEM image of high-density storage optical media.
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Fig.2 The HREM image of A area which revealed a very clear and sharp interface
morphology.

Fig.3 HA-ADF image of the interface across the recording layer. The bright

feature correspond to the recording layer of Se alloy.
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Growth of In,O; nanorods
Hsin, Jheng-Lun (¥ E44) ; He, Ji-Hau(fe & %) ; Chen, Lih-Juann(f& /7 1% )

Department of materials science and Engineering, National Tsing Hua University,
Hsinchu

Growth of self-organized semiconducting nano-structures that possess quantum
effects has attracted much attention due to their potential applications in many
different devices. The optical devices made of self-organized quantum materials
influence their properties by their size effects. The characteristics of the devices have
therefore been enhanced. In the present study, direct band gap, semiconducting In,O;
nanorods have been grown in the vacuum furnace. Several types of In,O; with novel
shape have been formed. Previous methods to fabricate In,O; nanowires were
focused on vapor-liquid-solid (VLS) mechanism and anodic aluminum membrane
(AAM). VLS method can form nanowires that is straight and more than several
microns long with a catalyst at its end and nanowire array could be formed by AAM.
In our experiment, we employed the silver film as a catalyst and successfully grew
the pyramid-like In,O3 nanorods.

A vacuum furnace with vacuum better than 1 torr was used. Single crystal,
1-30€2-cm, (001) oriented silicon wafers were used as substrates. Prior to the
loading into the furnace, the wafer was cleaned by standard RCA process and 1 nm
silver film was evaporated on the substrate by an E-beam system. The sample was
placed at the downstream and the In,O; powder at the upstream. The samples were
annealed at 700 C-900 ‘C at 4.5 torr. A JEOL-200CX scanning transmission
electron microscope (STEM) and a JEOL-6500 scanning electron microscope (SEM)
were used to study the microstructures and to determine the compositions of the
samples.

Figures 1 (a), (b) and (c) show SEM images of the samples revealing In,0;
nanorods. Their sizes were around 30-50 nm and the lengths were about 200-400
nm. The shape of the wires was pyramid-like and became sharper at the tip. The
In;O; nanorods were well aligned as shown in Fig 1 (c). Diffraction pattern analysis
indicated that the nanorods are In,0s, with (211), (222), (400) and (440) diffraction
spots. Figures 3 (a) and (b) show that the ends of the nanorods are narrow and the
nanorods are single crystalline.
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Growth of nanowires on self-assembled hexagonal Au particle networks
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'Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan
“Department of Chemical and Material Engineering, National Central University, Taoyuan, Taiwan

In recent years, research interest in nanostructures and nanomaterials has
grown as a result of their unique electronic, optical, and mechanical properties,
which are different from those of the corresponding bulk materials, and thus their
potential application in nanoscale electronics and optical devices. SiOy nanowires, as
candidates for photoluminescent materials, have been synthesized by wvarious
methods. In the present study, well-defined growth of the SiOy nanowires at the
novel self-assembled hexagonal Au particle networks using a vapor transport process
was observed.

Novel self-assembled hexagonal networks with discrete Au particle on
different substrate have been synthesized. A vapor transport process was used for the
growth of SiO, nanowires. A mixture of Si and SiO, powders in a certain ratio (1:1
S1/Si0,) was placed in an alumina boat as the source material and positioned at the
high-temperature (1200 °C) zone of the furnace. The nanowires were deposited onto
different substrates, which include Si(111) and AlLO3 (0001), located at the
low-temperature (900 °C) zone of the furnace. The carrier gas was an Ar flow with
the rate of 50 scem. Morphological characterizations of the samples were carried out
using scanning electron microscopy (SEM).

Figure 1 shows the SEM image of the SiOy nanowires which attach to a single
catalytic Au particle. Gold particles display highly catalytic activity for the growth of
the nanowires. Figures 2(a)-(e) show the morphology of SiOy nanowires grown af. the
fixed position of self-assembled Au particle network on Si(111) substrate for
different growth times. After growth at 900 C for 2 h, the short SiOy nanowires
grow on Au particle. After further growth at 900 °C for 3 h, more SiOy nanowires
grow and the length of nanowires become longer. The formation process of the
nanowires is closely related to a vapor-liquid-solid (VLS) mechanism.

Figures 3(a)-(d) show the morphology of SiO, nanowires grown at the
self-assembled hexagonal Au particle network on AL O3 (0001) substrate for 10 h.
Well-defined growth of the SiOx nanowires at the novel self-assembled hexagonal
Au particle networks was observed. The facet of the Au particle was found
apparently on the Al,O; (0001) substrate. These morphology on the Al,O; (0001)
substrate is different from those on the Si(111) substrate. The above results show that
SiOy nanowires is easier to grow on the Si substrate than on the Al O3 substrate. It is
attributed the supply of Si or O element from Si substrate. On the Al O3 substrate,
only Si vapor and residual oxygen can promote the growth of the nanowires.
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Fig. SEM image of the SiO,
nanowires attached to a single catalytic
Au particle.

Fig.2 SEM images of the morphology
of SiO, nanowires grown at the fixed
position of self-assembled Au particle
network on Si(l111) substrate for
different growth times. (a) before SiO,
nanowire growth ; (b)(c) after growth at
1900 ‘C for 2 h; (d)e) after further
growth at 900 °C for 3 h.

Fig. 3 SEM images of the morphology
= of SiO, nanowires grown at the
. self-assembled hexagonal Au particle

- network on Al,O; (0001) substrate. (a)
{before SiO, nanowires growth ;
 (b)(c)(d) after growth at 900 'C for 10
h.
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Growth of Silicon Oxide Nanostructures on Self-Assembled Hexagonal Au
Particle Networks on Silicon
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Department of Materials Science and Engineering, National Tsing Hua University, Hsinchu, Taiwan
*National Nano Device Laboratory, Hsinchu, Taiwan
*Department of Chemical and Material Engineering, National Central University, Taoyuan, Taiwan

Self-assembly is one of the few practical strategies for making ensembles of
nanostructures. It will therefore be an essential part of nanotechnology. In this paper,
we demonstrate the growth of silicon oxide nanostructures on well-ordered Au
particle networks.

Gold nanocrystals were synthesized using a two-phase method. Dispersion
solutions of Au nanoparticles were prepared with 5 g of gold nanoparticles/l of
toluene. A 10 p/ droplet was drop-cast with a micro-pipet on a 5 mm x 5 mm (001)Si
wafer and 100-nm-thick SiO,/(001)Si. The solvent was evaporated while placing the
substrate in an air-extracting climate box with appropriate airflow, humidity and
temperature. Heat treatments were carried out in a three-zone diffusion furnace in N,
ambient.

Regular honeycomb network was found to form in drop-cast samples by
self-organization with a wide range of conditions. An example is shown in Fig. 1. In
samples annealed at 1000 C for 60 min, regular hexagonal Au network was
observed to form as shown in Fig. 2.

Two kinds of structures were found in samples annealed at 1100 °C for 60 min.
The first is like bean sprout at each of the Au particle site and the second is of
flowery appearance. Examples are shown in Figs. 3 (a) and (b).

The nanowires were found to be composed of Si and O from the EDS analysis
of TEM samples. The bean-sprout-like and flowery structures were found to grow on
relatively thin (10 nm) and thick (100 nm) Si oxide, respectively. The
bean-sprout-like structure was also found to grow from Au particle on 100-nm-thick
S10,/Si substrate occasionally.

Figures 4 (a) and (b) show the SEM images of the same area annealed at
different temperature in N, ambient. It can be clearly seen that, the skeletons of
honeycomb were aggregated to the intersections completely with some smaller
particles dispersed at the interior of the hexagonal structure after annealing at 1000
‘C for 75 min as shown in Fig. 4 (a). Regular hexagonal network with cleaner
interior was observed after annealing at 1090 °C for 30 min as shown in Fig. 4 (b).
On the other hand, the interior small Au particles inside the Au particle network may
be cleaned up by high temperature annealing since the small particles tended to
permeate through the oxide layer.
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Fig.1 SEM image of a 536 g/l Au Fig. 2 SEM image of Au nanoparticles
nanoparticles deposited sample. The inset deposited sample annealed at 1000 C for 60
shows magnified view of selected area. min.

Fig. 3 (a) SEM image of a sample annealed at Fig. 3 (b) SEM image of a sample annealed at

1100 C for 60 min showing the bean 1100 C for 60 min with a flower-like
sprout-like structures. structures on Au particles.

Fig. 4 SEM image of the same area of a sample annealed
at (a) 1000 C for 75 min, (b) 1090 ‘C for 30 min.
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THE REACTION WOOD OF Swietenia macrophylla King
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Research Institute; Department of Forestry, National Taiwan University.

Environmental factors may cause the production of wood with special structure
and properties. Reaction wood is a variation of normal wood structure that is mostly
assumed to be a response to the reorientation of a woody axis from its usual position,
whether the cause is natural or artificial. In this work, the formation and structure
modification of reaction wood in the horizontally growing 1-2 year trunks of
Swietenia macrophylla king were studied. Swietenia macrophylla formed diffuse
porous wood. In the vessel elements of last year wood, tyloses occurred. Some starch
grains were found in the ray parenchyma (Fig. 1). The shoot apex of trunks grew
upwards obviously after the trunks were laid horizontally. In the curved part of trunks
after 4 months horizontal position, tension wood with many gelatinous fibers
occurred in the upper side (Fig. 2 and 3), while in the opposite wood only some
thin-gelatinous- layered fibers were found (Fig. 4 and 5). Many starch grains occurred
in the most ray parenchymatous cells. After 10 months horizontal position, the
trunks formed obvious tension wood eccentrically (Fig. 6). The eccentric rate
decreased from the basal part to apex of trunks. In the tension wood, almost all the
axial fibers were found to be gelatinous fibers. These fibers formed cellulose-rich,
thick-gelatinous- layered in the secondary wall, in addition to the usual lignified layer
(Fig. 7). Nevertheless, in the opposite wood, fibers were only with the lignified
secondary wall (Fig. 8). High tensile released growth strain was measured on the
upper surface of the curved part. Gelatinous fibers shorten at maturation and induce
longitudinal tension strains in the region of the axis in which they occur. The
occurrence of gelatinous fibers and frequent COIEI‘GIathI‘l of these fibers with increased
tension strains result the movements of trunks . It is interesting to note that in the
tension wood only few starch grains were found in the axial ray parenchyma,
however, in the opposite wood many starch grains occurred. The distribution of
carbon source in the tension woods is functionally allocated.

References

(1) Wilson, B.F. and Archer, R. R. 1977. Reaction wood: induction and mechanism
of action. Annu. Rev. Plant Physiol. 28: 24-43.
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The Light Microscope of Swietenia macrophylla
Fig.1. Cross section of the wood in control.
Fig.2 and 3. C.S. of tension wood horizontally positioned for 4months.
Fig.4 and 5. C.S. of tension wood horizontally positioned for 4months.
Fig.6. The trunks horizontally positioned for 10 months with obvious eccentrically
tension wood.
Fig.7. C.S. of the tension wood horizontally positioned for 10 months.
Fig.8. C.S. of the opposite wood horizontally positioned for 10 months.
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HISTAMINE-INDUCED PLASMA EXTRAVASATION, EDEMA FORMATION,
AND SEROUS CELL SECRETION IN RAT TRACHEA

CHANG, Jui-Hsin (5&%i#T) and HUANG, Hung-Tu (Z 7= [&])

Department of Biological Science, National Sun Yat-Sen University, Kaohsiung,
Taiwan

The tracheal epithelium of specific pathogen-free rats consists mainly of serous
cells and ciliated cells (1). Calcitonin gene-related peptide (CGRP) is present in
secretory granules of serous cells (2). Capsaicin degranulates these cells causing
release of CGRP into the tracheal lumen (2). The present study sought to investigate
the effect of exogenous histamine on plasma extravasation, edema formation, and
serous cell secretion in the trachea of rats. A high dose of histamine (18 ¢ mol/ml/kg)
was administered i.v. India ink (Iml/kg) was injected as a tracer to label the leaky
vessels. Tracheal whole mounts and tissue sections were processed for light (Fig. 1A
& B) and scanning electron microscopy (SEM) (Fig. 1C-F). One hour after histamine,
plasma leakage and subepithelial edema (Fig. 1B) was extensive. The area density of
India ink-labeled blood vessels was 21.6+1.7% (n=6). Saline, the vehicle of histamine,
produced only a little extravasation. In histamine-treated rats, the apical surface of
serous cells protruded into the tracheal lumen with many globular elevations and one
to several deep pits, which were evidence of granule exocytosis (Fig. 1D-F). It is
concluded that histamine triggered the inflammatory response that was associated
with the degranulation of serous cells for the exocytotic release of CGRP.

References

(1) Huang, H. T., Haskell, A., McDonald, D. M.; Anat. Embryol. 180 (1989) 325-341.
(2) Baluk, P., Nadel, J. A., and McDonald, D. M.; Am. J. Respir. Cell Mol. Biol. 8
(1993) 446-453

Fig. 1. A: Saline treatment. The mucosal surface epithelium is consisted of serous
cells (arrowhead) and ciliated cells. B: Histamine treatment. Edema (*) is prominent
and the venule is labeled with India ink (arrow). C: Saline treatment. SEM showed the
surface of serous cells (SC) and ciliated cells (CC). D: Histamine caused the serous
cells (arrow) to protrude. E: Globules (arrow) and pits on the surface of serous cells
after histamine. F: Complex pit after compound exocytosis (arrow).
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THE REACTION WOOD OF Swietenia macrophylla King
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Environmental factors may cause the production of wood with special structure
and properties. Reaction wood is a variation of normal wood structure that is mostly
assumed to be a response to the reorientation of a woody axis from its usual position,
whether the cause is natural or artificial. In this work, the formation and structure
modification of reaction wood in the horizontally growing 1-2 year trunks of
Swietenia macrophylla king were studied. Swietenia macrophylla formed diffuse
porous wood. In the vessel elements of last year wood, tyloses occurred. Some starch
grains were found in the ray parenchyma (Fig. 1). The shoot apex of trunks grew
upwards obviously after the trunks were laid horizontally. In the curved part of trunks
after 4 months horizontal position, tension wood with many gelatinous fibers occurred
in the upper side (Fig. 2 and 3), while in the opposite wood only some thin-gelatinous-
layered fibers were found (Fig. 4 and 5). Many starch grains occurred in the most ray
parenchymatous cells. After 10 months horizontal position, the trunks formed
obvious tension wood eccentrically (Fig. 6). The eccentric rate decreased from the
basal part to apex of trunks. In the tension wood, almost all the axial fibers were found
to be gelatinous fibers. These fibers formed cellulose-rich, thick-gelatinous- layered in
the secondary wall, in addition to the usual lignified layer (Fig. 7). Nevertheless, in the
opposite wood, fibers were only with the lignified secondary wall (Fig. 8). High
tensile released growth strain was measured on the upper surface of the curved part.
Gelatinous fibers shorten at maturation and induce longitudinal tension strains in the
region of the axis in which they occur. The occurrence of gelatinous fibers and
frequent correlation of these fibers with increased tension strains result the movements
of trunks . It is interesting to note that in the tension wood only few starch grains
were found in the axial ray parenchyma, however, in the opposite wood many starch
grains occurred. The distribution of carbon source in the tension woods is functionally
allocated.

References
(1) Wilson, B.F. and Archer, R. R. 1977. Reaction wood: induction and mechanism

of action. Annu. Rev. Plant Physiol. 28: 24-43.
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The Light Microscope of Swietenia macrophylla

Fig.1. Cross section of the wood in control.

Fig.2 and 3. C.S. of tension wood horizontally positioned for 4months.

Fig.4 and 5. C.S. of tension wood horizontally positioned for 4months.

Fig.6. The trunks horizontally positioned for 10 months with obvious eccentrically
tension wood.

Fig.7. C.S. of the tension wood horizontally positioned for 10 months.

Fig.8. C.S. of the opposite wood horizontally positioned for 10 months.
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Abortive Pollen In Salvia japonica Thunb.
Lee, Yi-Ling (Z'H3) and Chen, Su-Hwa (B IZE)

Department of Life Science, National Taiwan University, Taipei,

Taiwan.

Salvia japonica Thunb. occurs in China, Japan and the
northern Taiwan. Its pollen viability was less than 30%. During
simultaneous cytokinesis, the normal tetrad with four cells (Fig.1)
and the abnormal penta, hexad (Fig.2), and octad with more than four
cells can be found. Three nuclei can be detected in the mature fertile
pollen grain (Fig.3) and only one nucleus (Fig.4) or no prominent
DNA content (Fig.5) can be detected in the abortive pollen grain in
the DAPI test. In FCR test, some tetrads were with all four cells
viable (Fig.6), while some were only one, two, three or none viable
(Fig.7). This phenomenon occurred also in pentad (Fig.8), hexad or
octad (Fig.9). There was a dramatic change in pollen viability before
(Fig.10) and after (Fig.11) anthesis. The abortive pollen grain was
different from the fertile one for their morphology (Fig.12, 14), exine
ornamentation (Fig.13, 15) and DNA content. Furthermore, the
contents of protein (Fig.16), lipid (Fig.17) and polysaccharides
(Fig.18) in the abortive pollen were lower than the fertile one. It is
suggested that the occurrence of abortive pollen grains was
influenced by the abnormality of cytokinesis and metabolism.
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Fig. 1-3. DAPI test. Fig.l. atetrad with four cells. Fig.2. a hexad with six cells Fig.3. a fertik pollen
grain with three nucki. Fig4. an abortive pollken with one nuckus. Fig.5. no detection of DNA m an
abortive pollen. (Fig.l & 2. bar=3um: Fig. 3-3. bar=23pm)

Fig.6-9. FCR tegt. Fig.6. four cells m atetrad viable. Fig.7. none or two of four cells m tetrads
viable. Fig 8. four of five cells in a pentad viable. Fig9. eight cells in an octad viable. (Fig.6-9.

bar=3un)

S0 =

o ~ % s
Fig. 10 & 11. FCR test. Fig.10. before anthesis. most pollen grams viable and a few unviable ().
Fig. 1. after anthesis. mog pollen grams unviable (=) and a few viable. (Fig.10 & L1. bar=100pm)

PN hR
3OSV ¢

Fig 12-15 SEM. Fig.12. a fertile pollen gram m equatorial view: Fig.13. high resolution of reticulate
exine of Fig 12, Fig I4. an abortive pollen grain in equatorial view: Fig.13. high resolution of
compacth' rugulo-reticulate exine of Fig.14. (Fig.12. bar=tpm: Fig.13. bar=l Sum: Fig.l4.

(RS R 8 By *
Fig.16-18. LM. a pollen maturation gage. Fig.16. Coomassie brilliant blue test: fertile (%) and
abortive (%) pollen grains. Fig. 17. Sudan black teg: fertile (v%) and abortive (%) pollen grains.
Fig 18. PASteg: fertile () and abortive (%) pollen grains. (Fig.16-18. bar=20pm)
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UTILIZATION OF HIGH POLYUNSATURATED FATTY ACIDS CONTENT
MICROALGAE SUPPLEMENT IN POULTRY DIETS

LIU, Ching-Piao (#]7%4%)"; LIN, Liang-Ping (4 & F)'; GING, Hong-Rong (4%
#)? and DING, Shih-Torng (T 3% F])®

Department of Biochemical Science and Technology', Department of Animal of
Sciencez, National Taiwan University, Taipei, Taiwan 106

The ®-3 Polyunsaturated Fatty Acids (PUFAs) of algae are one of the important
resources in the marine food chain. Utilization of algal DHA oil in poultry diet can also
enhance yolk DHA content. Because the cost of algal DHA oil is high, their practicability’s
need to be improved. This research is designed to examine strains of PUFA-rich microalgae
or other microorganism for oil production, and establish simple and proper cultural methods
of microorganism to produce this bio-product for poultry diet. The bio-product can supply
inexpensive PUFA to raise value of egg products. We used concentrations of 0, 1, 3 %
bio-product from the microorganism, such as Thraustochytrium roseum added to the diets for
leghorn hens to estimate the practicability of this bio-product in poultry diets. We recorded the
egg production and collect eggs at 1, 2, 3 week for yolk fatty acid composition analysis. At
the end of the experiment, the poultries were killed and the expression of hepatic
lipogenesis-related genes was determined.

The structural and morphological changes during the lipid formation of the Monodus
subterraneus UTEX 151 and Mortierella elongate NRRL 5513 were observed by light (Fig. 1)
and transmission electron (Fig. 2) microscopy. The methods for extraction of lipids from
microalgae, analysis of broth and cultural conditions that affected yields of PUFAs, and their
PUFA content in the total acids were investigated. Optimum culture temperature and initial
pH for EPA production were 25°C and 8.0, respectively. The EPA yield increased with
cultivation time until 8th day. During culturing periods, Monodus subterraneus UTEX 151
revealed the structures might be associated with lipid synthesis, and might be an indication for
microalgae production of these fatty acids. In conclusions, a sufficient for mass culture of
microorganisms to produce this bio-products requires the further research. Supplements of
these bio-products in the diet of laying hens can enrich PUFA content of egg yolk. This
method produce a low cost and high DHA content functional eggs. In this way, we can get the
higher value of egg products.
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Fig.1. Observations on Monodus subterraneus UTEX 151 and Mortierella elongate NRRL 5513 in
Nomarski interference microscope. Scale bar =2 um

Fig.2. Transmission electron micrographs of Monodus subterraneus UTEX 15 1. Scale bar = 500 nm
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PROBING MICROTUBULE KINETICS AND VESICLE
ENDOCYTOSIS IN LIVING CELLS USING TOTAL INTERNAL
REFLECTION FLUORESCENCE MICROSCOPY

Chen, Chien-Hua '; Yu, Shu-Jung % Lin, Chi-Hung " * and Tsai, Din Ping 2

'Institute of Biophotonics, °Institute of Microbiology and Immunology,
Nation Yang Ming University, Taipei 10617, Taiwan, R.O.C
2Department of Physics, Nation Taiwan University, Taipei 10617, Taiwan, R.O.C

1. Introduction

The uses of total internal reflection fluorescence microscopy (TIR-FM) in life
science studies have shed light on important cellular processes taking place near the
plasma membrane. The technique provides a convenient way to excite, and
therefore to visualize, fluorephores at the cell-substrate interface. The principle of
TIR-FM is based on surface evanescent field that occurs when light is internally
reflected at the interface of two media of different refraction indices. Because the
intensity of evanescent field decays exponentially as a function of distance, excitation
of fluorescent molecules only takes place in a near-zone (~100-200 nm) close to the
interface, resulting in a very high signal to noise ratio (SNR) at that specific
nano-scale depth.

TIR-FM is particularly useful for studying growth substrate-associated cellular
activities at a molecular resolution.  The rapid decay of evanescent field significantly
reduces photo-damages to the bio-samples, enabling researchers to perform long-term
observations in living cells. In this report, we have used TIRFM to monitor, in
real-time, the kinetics of microtubules, a cytoskeletal component, near the
cell-substrate interfaces.

2. Materials and methods
Microscopy

A schematic view of the objective-based TIRFM system used in this
investigation is shown in Fig. 1. The system consists an inverted optical
microscope (IX70, Olympus Inc.) and associated imaging devices. An
objective-based total internal reflection setup was constructed using 100X (oil Iris,
Olympus) or 60X (BFP1, Olympus) high numerical aperture (NA) oil objectives.
An argon-ion laser (wavelength = 488nm) and a diode-pump solid-state laser
(wavelength = 532nm) were used as excitation light sources.

Bio-sample preparations
CHO (Chinese Hamster Ovary) cells, a
cancerous cell line. GFP-labeled
B-tubulin gene was expressed in CHO

Ot objariive. ‘j:. m cells via a pEYFP vector using
¢

&
Diode pump solid state laser A=532nm -iﬁq"\“\ﬂ e ‘,. .’
Or Argon-ion laser A=488 n m Dichroic mirror CCD

Fiber illuminator
40x, NA = 0.65 N

Objective
Field aperture

Figure 1. Schematic of the experimental setup.

conventional transfection protocols
(Lian et al., 1999).

The macrophage cell (ATCC Num:
TIB-67) is used for observing the
cellular endocytosis. We loaded the
Lectin  Concanavalin  (fluorescein
labeled) to the cell culture medium,
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and we could observe the endocytosis according to the movement of fluorescence

spots.
3. Results and Discussions

Typical images of a living CHO cell containing fluorescently labeled

microtubules were obtained by either epi-fluorescence (Fig. 2a) or TIRFM mode (Fig.
2b). Note the relatively fuzzy picture of microtubule distributions under the
epifluorescence microscope, which is due mainly to the “whole-mount” view of the
microtubule structures, as well as the soluble tubulin proteins present in the cytosol.
Microtubule organization centers (MTOC) were readily discernible (arrow, Fig. 2a).
The same cell under TIRFM, on the other hand, exhibited a much clearer picture
where individual microtubules near the growth substrate could be resolved (Fig. 2b).
Using TIRFM, we were able to visualize the progress of an important kinetic process
of microtubules, the dynamic progression (Fig. 3), where a single microtubule was
noted to initially undergo a relatively slow growing phase (arrows), then went to the
catastrophe phase that was characterized by a rapid shrinking, or depolymerization of
that specific microtubule (arrowhead). We could also observe the cellular endocytosis
clearly within the several hundred nano-meter.

R PNy L ) .«.’p - o
(i t t f
3 4 g2 g 43
g ey v ng
R S e B A

Figure 2. (a) An Epi-fluorescence image of a Figure 3. Sequential TIRFM images showing
living CHO cell, containing fluorescently labeled dynamics of microtubules kinetics in a living CHO
microtubules. (b) The same cell was visualized cell . Time interval=6sec
under TIR-FM.
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PURIFICATION, CHARACTERIZATIO N AND
IMMUNOLOCIZATION OF HYDROLYTIC ENZYMES IN
RHIZOBIUM FREDII CCRC15769

HU, Chung-Yi'; Hsu, Cheng-Ling®, WANG, Jaang J* and LIN, Liang-Ping’

1Department of Nutrition and Health Science, Fooyin University, Kaohsiung.
Department of Biology and Anatomy, National Defense Medical Center,
Taipei. *Graduate Insistute of Agricultural Chemistry, National Taiwan

University, Taipet.

Hydrolytic enzymes in rhizobia provides the function of the first
entrance of rhizobia into legume plant. Carboxymethyl cellulase
(CM-cellulase, EC 3.2.1.4) may be the key enzyme in this symbiotic process,
with polygalacturonase (pectinase, EC 3.2.1.15) another critical enzyme
involved early in the mechanism of nitrogen supply. After sonication of the
cell pellet, ammonium sulfate precipitation, ion-exchange chromatography
and electroelution are the preferred methods for derivation of the purified
protein, with CM-cellulase characterized as follows: purification fold, 36.30;
recovery, 9.8%; and specific activity, 0.053 U mg'. Two CM-cellulase
isozymes were determined from native activity stain assay, with gel filtration
revealing molecular weights of approximately 196 and 30 kD; the SDS PAGE
activity gel resolved four enzyme subunits of 94, 67, 37, and 30 kD. It is
suggested that the CM-cellulase in S. fredii CCRC15769 is a two-isozyme
form, one a trimer of 196 kD (94, 67 and 37 kD), and the other a 30 kD
monomer.

Electron  microscope  immunogold-labeling  experiments  for
CM-cellulase labeling were performed using ultrathin sections of
Sinorhizobium fredii CCRC15769. Specific immunogold labeling was not
detected in Bradyrhizobium japonicum USDA110, however, it was observed
in S. fredii USDA205, R. meliloti ATCC9930, R. loti ATCC33669, and R.
leguminosarum bv. viceaee ATCC 10004. Preliminary results indicate that
antigenic determinants of membrane-bound carboxymethyl cellulase are
exposed to the periplasmic space surrounding the cytoplasmic membrane, with
the 10-nm immunogold particles hardly ever observed in the cytoplasm or
other intracellular spaces. Flavonoid genistein induction in the early log phase
of Sinorhizobium fredii CCRC15769 caused the aggregiation of CM-cellulase
towards two sites of cell, and the plant-rhizobia infection pictures revealing
the critical role of the enzyme in the early symbiosis.

References
Mateos, PF., Baker, D.L., Petersen, M., Velazquez, E., Jimenez-Zurdo, J.1.
Martinez-Molina, E., Squartini, A., Orgambide, G., Hubbell, D.H., Dazzo, E.B.
2001 Erosion of root epidermal cell walls by Rhizobium
polysaccharide-degrading enzymes as related to primary host infection in the
Rhizobium-legume symbiosis. Canadian Journal of Microbiology 47: 475-487.
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Figure (A). Transmission electron micrograph of ultrathin sections of partial
gold-labeled bacteria cell with Sinorhizobium fredii CCRC15769 using
immunogold-labeled procedures. CM-cellulase of the gold-labeled (10 nm) bacterial
cell, provide preliminary indication that the antigen determinants of CM-cellulases are
mostly exposed to the periplasmic space on the outside of the cytoplasmic membrane.
Bar represents 100nm. Figure (B). Scanning electron micrograph of plant-rhizobia (S.
fredii CCRC15769) infection pictures. Bar represents 1 ¢ m. Figure (C). Transmission
electron micrograph of ultrathin sections of plant-rhizobia (S. fredii CCRC15769)
infection pictures. Bar represents 1 yz m.
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Fig. 2. The histological and ultrastructural pictures of lymphoma cells .
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Fig. 4. The histological and ultrastructural pictures of mast cells .
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COMPARATIVE ULTRASTRUCTURAL STUDIES OF THE EGG SURFACE OF
APOGONIDAE.

CHEN, Chia.-Hsuan.! ; WU, Chun- Chun? and YANG, Jui- Sen'
1. Institute of Marine Biology, National Taiwan Ocean University, 202 Keelung,
Taiwan.
2. Department of Applied Mathematics, Feng Chia University, Taichung, Taiwan.

Fish egg intensity is important in studing fish popalation in reefs as well as
ocean. Egg shape, pigment, size etc. by light microscopy were used for egg
identification in observing egg intensity. However, electron microscopy became a
new technique for examining egg ultrastructural features. The ultrastructural
features of egg chorion surface are used as a criterion for the identification of fish
eggs.

Apogonidae are popular fishes in Taiwan coast reefs. In this work the surface
features of the eggs of Apogonidae including Apogon lateralis, A. aureus, A. nitidus,
A. cookii and A. guamensis were studied by scanning electron microscopy. Egg
surface ultrastructures including egg size, the length and the number of attaching
filament, and the diameter of micropylar region were examined. ANOVA and
Scheffe’s test were used to analyze the difference among the eggs of five fishes. The
ultrastructural characters were significantly different among the eggs of the five
fishes. Taxonomic key for identifying the five species of Apogonidae based on egg
surface ultrastructures was similar to that based on fish body characteristics in
conventional studies although the positions of A. nitidus and A. guamensis in the
key based on the egg were different from that on the body characteristics.
Conclusively, with ANOVA and Scheffe’s test the ultrastructural characteristics of
egg chorion surface were useful characters for egg identification and phylogenetic
inference.

References:

(1) K. C. Chen, K. T. Shao and J. S. Yang, 1999. J. Fish Biol. 55: 288-300.
(@) Y.H.Li, C. C. Wuand J. S. Yang. 2000. J. Fish Biol. 56: 615-621.

(3) R. Riehl and R. A. Patzner, 1998. Ital. J. Zool. 65: 415-420.

Fig.1 Micropylar region of Apogon cookii egg, mc, micropyle; r, ridge.

Fig.2 Micropylar region of Apogon guamensis egg, mc, micropyle; r, ridge.

Fig.3 Micropylar region of Apogon nitidusis egg, me, micropyle; 1, ridge.

Fig.4 Micropylar region of Apogon aureus egg, mc, micropyle; r, ridge.

Fig.5 Box plot of the longest length of ridge structures in the micropylar region of
Apogon spps. AA, A. aureus, AC, A. cookii, AG, Apogon guamensis, AL, A.
lateralis; AN, A. nitidus. Mean values with the same letters are not
significantly different (p>0.05).
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