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MITeK

The Best R&D Partner

Founded in 2002, Materials Analysis Technology Inc. (MA-tek) is a leading laboratory in materials analysis (MA). Accompanying with
the fast growing pace of business developOment, MA-tek has successfully expanded to provide Failure Analysis [FA) and Reliability
Testing (RT) services as well, which is superior integrated service for customers in various industries. Up to now, MA-+tek has set up 6
laboratories and 1 sales office worldwide, providing around-the clock services in logistic support and technical services.

; Project Based Services J g MA / PFA ; EFA /ESD - Reliability Tests

+Training Courses, Lectures *Decap, Delayer, Parallel lapping  *X-ray radiography * HAST, LTST
+|P strategic planning *SEM / EDX = SAT _ * THST, PCT / UB-HAST
* Patent infringement study «TEM / EDX / EELS «EMMI / InGaAs, OBIRCH «TCT, TST
» Benchmark study * FIB, Circuit editing *Themos-mini + HTOL, BLT, ELFR
= Competitors Analysis +SIMS, SRP *CAFM * Reflow Test
* Design Services + Auger, XPS, XRD * Passive voltage contrast
* Optical profiler + ESD / Latch-up testing
* SCM, AFM * Wire bonding, packaging
* FTIR, Raman

@ Case log-in, please contact: sales@ma-tek.com/ +8863 611 6678 ext.3821/ www.ma-tek.com
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Bio Materials Analysis Technology Inc. (Bio Ma-
tek) address the ever demanding needs on the
physical and chemical characterization of nano
materials in biological systems, Bio Ma-tek rolls
out an array of bio-EM sample preparation and
image analysis services and a comprehensive list
of  analytical services following  the
recommendations in ISO/TR13014,

Specimen kit for observing the original morphology and physical state of nanomaterials
in liquid sample by TEM

The leaded liquid
sample is sealed and
imaged by TEM in
the native liguid
enviranment.

A proprietary sample
preparation protocol
preserves the original
marphobagy and physical
state with improved
imaging resolution.

< U57,807,579 82
< PET/US2013/049595
+ Anal Chem. 2012, 84: 6311-6316

Picture shown: Undiluted CMP-shurry directly lnaded into K-kit ta chserve the primary and secandary abrasives by TEM

Liquid Sample TEM

* Liquid Sample TEM Service and Sales
* Bio-sample and Bio-materials EM Specimen Preparation
* Qther Electron Microscopy Analysis * Liquid ~ Cryo ~ Gel ~ Solid * etc.
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Bruker Singapore Pte. Ltd.
11 Biopolis Way #10-10

The Helios, Singapore 138667

Phone +65 6500 7288

Fax +65 6500 7289
info.bna.sg@bruker.com
www.bruker.com

5-in-1 fantasy: Giralope.
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5-on-1 reality: Bruker’'s ./t ‘W&
range of analytical I«
tools for SEM.

EDS, WDS, EBSD, Micro-XRF and Micro-CT - five
analysis methods for SEM from a single source.

QUANTAX EDS: provides highest energy resolution and maximum throughput
QUANTAX WDS: offers maximum sensitivity in the low energy range
QUANTAX EBSD: sets new standards in combined EBSD/EDS

XTrace: adds Micro-XRF analysis capabilities to the SEM

Micro-CT for SEM: reveals the internal microstructure of samples

Someone has to be first.

. : : Nano-Analysis
Innovation with Integrity
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ELECTRON MICROSCOPY STUDY OF MULTIPLE
CARBIDES IN CR-MO WHITE CAST IRONS
Associate Professor Dr. Torranin Chairuangsri

Chiang Mai University, Thailand
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Low dose observation of pseudo atomic column elemental maps
by 2D STEM moiré method with dual detector EDS system
Mr.Yukihito Kondo/ JEOL Ltd.

Atomic resolution TEM imaging of metal-organic frameworks
(MOFs) by using direct detection and electron counting
Dr.Ming Pan/ Gatan Inc.

How to make your current TEM performance upgraded

¥ 2 4L 4 / Thermo Fisher Scientific

Advanced Applications using an annular four-channel Silicon
Drift Detector

A. Wong/ Bruker

SYMMETRY- New Generation EBSD detector
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PLENARY SPEECH

Electron Microscopy Study of Multiple Carbides in

Cr-Mo White Cast Irons

T. Chairuangsri!, S. Nusen!, S. Imurai?, A. Wiengmoon? and J.T.H. Pearce*

'Department of Industrial Chemistry, Chiang Mai University, Chiang Mai 50200, Thailand
ZFaculty of Science and Technology, Rambhai Barni Rajabhat University, Chanthaburi 22000, Thailand
3Department of Physics, Faculty of Science, Naresuan University, Phitsanulok 65000, Thailand
“Panyapiwat Institute of Management, Nonthaburi 11120, Thailand

tchairuangsri@gmail.com

Corrosive/abrasive wear of high Cr white cast irons (HCCIs) depends on carbide type
and morphology within their microstructure. As-cast 28Cr HCCIs with Mo addition and
relatively high Cr/C ratio about 10 are of interest because of their potentially good resistance
to corrosive/abrasive wear in acidic slurries. Recently, we have reported effects of Mo on
microstructure of as-cast 28Cr—2.6C with up to 10wt.% Mo addition by means of electron
microscopy. Mo addition promoted the formation of M23Cs and MsC, consequently complex
carbides were found within dominantly austenitic matrices. Three types of carbides, including
M7Cs (about 1000-1800 HV), M23Cs (about 1000 HV) and MeC (about 1200-1800 HV),
were identified, where M23Cs localized as a transition zone between M7C3 and MeC.
Distinctive characteristics of M7C3 are faulting and streaking in electron diffraction pattern,
whereas those of Me¢C are the strongest backscattered electron signal and relatively high Mo
and Si content. In the present study, multiple carbides in as-cast hypoeutectic 28Cr—2.6C-(0
to 6)Mo HCCls were further investigated by means of scanning electron microscopy (SEM)
and transmission electron microscopy (TEM). Formation and crystallographic study of these

as-cast multiple carbides in HCCls will be discussed.

Keywords: Electron Microscopy, Carbides, High Chromium Cast Irons, White Cast Irons
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Department of Industrial Chemistry, Faculty of Science,
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3-dimensional subnanometer compositional
information across a wide variety of metals,
semiconductors and insulators.

* Optimum analysis volumes and detection efficiency
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silicide to SiGe contact.

InGaN LED structures

10nm Ge Ni Ti
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Low dose observation of pseudo atomic column elemental maps by 2D STEM
moiré method with dual detector EDS system

Yukihito Kondo(:Tf#17 A\)!, Kei-ichi Fukunaga(#& 7k & —)!, Eiji Okunishi( B PG %75)! and
Noriaki Endo(iz B {#EH)!

1. JEOL Ltd., 3-1-2 Musashino, Akishima, Tokyo 196-8558, Japan
“kondo@jeol.co.jp

Atomic column elemental mapping, by energy dispersive X-ray spectrometry (EDS), is a
powerful for materials research, since elements and sites are determined simultaneously. The
sample damage is a key to be overcome, because the EDS signal is small. We have developed a
new dual detector system to enhance the sensitivity [1]. However, there are many materials,
which suffer damage even with the new detector. Recently, we have applied the 2D STEM moiré
method to obtain a pseudo atomic column map [2]. With this method, the electron density is
greatly reduced to be < 1 % of one for the conventional method, since a pixel interval is much
sparse. In this paper, we compare the damages of a Si3N4 sample on the atomic elemental column
maps obtained by conventional and 2D STEM moiré methods.

In our experiment, we used an aberration corrected microscope (JEOL, JEM-ARM200F)
equipped with a CFEG and the new SDD system (solid angle = 1.75 sr). The sample used was
Si3Ns (hexagonal structure with a = b = 0.7617 nm and ¢ = 0.291 nm). Figure 1 shows the
atomic column elemental maps by the 2D moiré and conventional methods. The peaks in the Si
map in both maps accord well with the atomic sites expected from the sample crystal structure.
However, the peaks in N map accord with the atomic sites only in the 2D moiré map. The
difference between N maps by two methods is thought to be originated from the dose density.
The reduced rate of the dose density by the 2D moiré method was 1/320 to the direct method.
The results clearly show the affection of dose density by comparing the pseudo 2D moiré atomic

column elemental maps with a direct map.

References
[1] S. Kawai et al, Microsc. Microanal. 20 (S3) (2014) p.1150.
[2] Y. Kondo and E. Okunishi, Microscopy 63 (5) (2014), p. 391.



Pseudo atomic column elemental maps by 2D STEM moiré method
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Figure 1. (a-d) show the HAADF, S map, N map and composite map of S and N by 2D
moiré method, and (e-h) are those by direct mapping. The dose density is greatly reduced
in 2D moiré maps, since the scanned area is large because of sparse pixel interval. The
results were obtained under the conditions: acc. Volt. = 120 kV, probe current = 38 pA,
probe size= 0.2 nm.




Atomic resolution TEM imaging of metal-organic frameworks
(MOFs) by using direct detection and electron counting

Ming Pan
Gatan, Inc., Pleasanton, CA, USA

Metal-organic frameworks (MOFs) are a new class of materials that has attracted
world-wide attention [1] in recent years for their vast potential in industrial applications
such as environmental, gas separation, storage and purification, ion conduction,
catalysis, membranes, etc. MOFs are crystalline porous materials with designable
topology, porosity and functionality. Compared with other microporous materials such
as zeolites, meso-porous silica and porous carbon, MOFs have significantly larger
surface areas and internal cavities for gas adsorption. Structure characterization is
important to understand the property and functionality of MOFs.

Diffraction based techniques (e.g. x-ray and electron) are widely used to determine the
structures. However, surface, defects and interfaces are believed to play an equally
important role as the average crystal structures in understanding the structure-roperty-
functionality relationship. High resolution transmission electron microscopy (HRTEM)
is the only technique that is capable of providing high resolution or even atomic
resolution structural information on not only the average structures but more
importantly on surface, defects and interfaces.

Like other porous materials, MOFs are extremely sensitive to electron beam irradiation.
Under normal imaging conditions, the structures of MOFs would be destroyed instantly
making it impossible to image the pristine structures. For this reason, very few high
resolution images of MOFs have been reported to date and none at atomic resolution.
A new generation image device in direct detection and electron counting [2] has
achieved tremendous success in single particle cryoEM [3-4], thanks to its extreme

sensitivity and high resolution.



In this presentation, the state-of-the-art direct detection electron counting cameras will

be described and shown to have major impact in TEM imaging of pristine MOF

structures at atomic resolution [5].
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Advanced Applications using an annular four-channel

Silicon Drift Detector

Max Patzschke'”, Andi Kippel', Igor Nemeth ' A. Wong
"Bruker Nano GmbH, Am Studio 2D, 12489 Berlin, Germany

*Corresponding author, e-mail: alex.wong @bruker.com

Keywords: EDS, FlatQuad, high speed mapping, no shadowing effects, high input count rate

Abstract

Special configuration has been recently developed for certain applications in order to improve certain
limitations:

A special multi element concept is the XFlash® 5060FQ, an annular detector which can be placed
between the pole piece and the sample in a standard SEM. The four SDD elements have an active area
of 15 mm? each resulting in a total of 60 mm?2. This large active area and the annular geometry, where
the detector elements are very close to the x-ray source, lead to an extremely large solid angle of more
than 1 sr. This is a value which is typically 100 times larger than a 10 mm? detectors in a conventional
setup. Therefore extremely high count rates can be achieved easily even with low probe currents, and
can be processed with four separate electronic channels in parallel, leading to maximum output count
rate of more than 1,100,000 cps [1,2].

These properties make the detector an ideal device for high speed mappings, sensitive samples and his
relatively high take-off angle lead to a significant reduction of shadowing effects on rough surfaces.

Examples benefiting from these latest developments will be presented.

References:

[1] H. Soltau et al., Microsc. Microanal. 15 (Suppl.2) (2009), 204
[2] R. Terborg, M. Rohde, Microsc. Microanal. 17 (Suppl.2) (2011), 892



SYMMETRY- New Generation EBSD detector
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Oxford Instruments

Symmetry, the world's first EBSD detector based on CMOS sensor technology, is set
to revolutionize EBSD analysis. Operating at over 3,000 indexed patterns per
second(pps), Symmetry balances unprecedented speed with exceptional sensitivity to
enable work even at low beam currents and voltages. All of this is delivered within a
design that provides perfect operational simplicity. Now you can use a single detector

for all applications - with no compromise.
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Copper sulfide is known to be an important p-type semiconductor. It exists in different phases
ranging from copper-rich (CuzS) to sulfur-rich (CuS). Owing to the wide variation in their optical
as well as electrical properties, copper sulfides find promising applications in various fields[1].

In this study, a two-step synthesis with chemical vapor deposition is employed. ZnS nanobelts
were first synthesized using ZnS powders as the source, followed by the growth of Cu2xS
nanobelts through cation exchange reactions using CuClz as the source [2]. The purpose of this
study is to investigate the mechanism of cation exchange reactions through microstucture
characterization of copper sulfide under different conditions in the second step. Fig.1 shows
transmission electron microscopy (TEM) analysis of a typical porous CuisS nanobelt after cation
exchange reactions at 300°C for 15 minutes, where superlattices and twins can be found. We will

bulid up the atomic model of CuxxS superlattice structure.

References

1. Roy, P. and S.K. Srivastava, CrystEngComm, 17, 41 (2015)

2. Kim, Han Sung; Sung, Tae Kwang; Jang, So Young; Myung, Yoon; Cho, Yong Jae; Lee,
Chi-Woo; Park, Jeunghee; Ahn, Jae-Pyoung; Kim, Jin-Gyu; Kim, Youn-joong:
CrystEngComm, 13, 6 (2011)

Figure 1. A CuisS nanobelt by cation exchange reactions at 300°C for 15 min. (a) TEM
image (b) HRTEM from the red square region in (a) (c) diffraction pattern of (b)
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In this study, the investigation of the nucleation mechanisms has been investigated. The detail
microstructure of precipitates such as GP zones, n' and n precipitates with their related
orientation relationships respect to the Al matrix were explored by high resolution transmission
electron microscopy (HRTEM). The precise transformation mechanism, such as GP zones—
n', has not been elucidated. In alloy steels, the transition of carbides has been explored in
previous work [1] such as the separated nucleation and in-situ nucleation. Although a previous
work [2] presumed that these two nucleation mechanisms occur during the transition of GP
zones to n' phases, no direct evidence has been provided. The present study aimed to employ a
series of in-situ HRTEM with low does electron beam to elucidate the related transition

mechanisms.

Reference
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[2] H. Loftler, I. Kovacs, J. Lendvai, J. Mater. Sci. 18(8) (1983) 2215-2240.
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PA500H steel is a high class wear-resistant steel. It is widely used in excavator and dump
truck. It has a high yield strength, which is up to 1250 MPa. And it has a martensitic structure
after direct quench. Martensitic type steels with this high strength level are very sensitive to
hydrogen embrittlement. Therefore, the understanding of hydrogen embrittlement phenomena
of PAS0OO0H is necessary. In this study, we investigate the hydrogen embrittlement of PASOOH
in various heat treatment conditions. We find that 180 “C tempering after direct quench can
improve hydrogen embrittlement resistance. But higher tempering temperature such as 300°C
and 400°C has a undesirable effect on improving hydrogen embrittlement resistance. After 180
‘C tempering, fine e-carbides precipitate inside martensite laths. These e-carbides trap
hydrogens and enhance the hydrogen embrittlement resistance. After 300°C and 400 °C
tempering, cementites are form between martensite laths. These cementites gather hydrogens

to the martensite lath boundaries which reduce the hydrogen embrittlement resistance.

Martensite:[10 0] h Kl

- -~ -Epsilon carbide : (10T 1) hkil

Figure 1. Fine e-carbides precipitated inside the martensite laths, the bright field image

and diffractogram.
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Cementite : zone axis [S513]

Figure 2. Cementite precipitated between the martensite laths, the bright field image and

diffraction pattern.
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Physics, Vol. 64, No.2 (1992).
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Chemical vapor deposition (CVD) of homoepitaxial diamond film has been intensively
studied for the last two decades. However, homoepitaxial growth of (111) diamond film by
CVD which may be desired for n-type doping is more difficult than that of (100) because of
mass formation of defects [1]. The (111) homoepitaxial diamond film tends to crack
spontaneously by internal stress due to the presence of defects, non-diamond phases and
impurities [2]. Recently the 5 pm-thick crack-free (111) homoepitaxial diamond film was
successfully grown on Ni-coated high-pressure high-temperature (HPHT) substrate as a result
of the stress reduction in CVD diamond with Ni islands [3]. Here we report the growth
mechanism and dislocation analyses of the CVD diamond film on Ni-coated HPHT substrate.

The crack-free (111) homoepitaxial diamond film was grown on Ni-coated HPHT
substrate by using microwave plasma enhance CVD. After hydrogen plasma annealing of the
as-deposited Ni on the HPHT diamond substrate by using e-gun evaporation, single-crystalline
and faceted Ni islands were heteroepitaxially formed with an orientation relationship of
{I11}Ni // {111}Dia and <110>Ni // <110>Dia. Cross-sectional TEM image shows that the
(111) CVD homoepitaxial diamond film can be laterally overgrown across the Ni islands such
as shown in figure 1. As measured with x-ray diffraction, the internal stress in the CVD
diamond film on Ni-coated substrate can be significantly reduced with the nickel islands in
comparison with those in the film directly grown on HPHT substrate. The dislocation density
in the CVD diamond film on Ni-coated substrate is approximately 4.5 x 10% cm™. The types of

dislocations were composed of screw dislocations and 60° mixed dislocations.
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2. Mermoux M, Marcus B, Crisci A, Tajani A, Gheeraert E, Bustarret, Diam. Relat. Mater.,
13 329 (2004).
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Figure 1. Bright field cross-sectional TEM image of ~ 300 nm thick diamond grown on Ni-

coated substrate. TEM specimen was prepared by focused ion beam with Pt coating.
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Through TEM observation, nanometer-sized interphase-precipitated carbides indeed
disperse densely in ferrite phase. Utilizing EBSD, XRD, TEM and CBED techniques,
experimental results show that austempering temperature influence the amount of bainite
formation, resulting in different microstructure morphology in second phase island with
different quantity and carbon content of retained austenite. It is found that there are three
different types of morphology of retained austenite: Type I: Thin film austenite between bainite
sub-units ; Type II: Large film austenite between bainite sheaves ; Type III: Blocky austenite
in second phase island adjacent to ferrite grain boundary. Austenite dimension: Type III > Type
II > Type I. Carbon content and stability of austenite: Type I > Type II > Type I1I. The amount
of bainite formation decrease as the austempering temperature increase. Therefore, the fraction
of large-sized retained austenite gradually increase. Also, the amount of large block M/A phase

increase with increasing austempering temperature.

By tensile test, the specimen austempered at 390°C has the best ductility, instead of the
specimen austempered at 420°C which has the highest retained austenite content. During
deformation process, the austenite retained after austempering at 390°C gradually transform to
martensite thanks to high carbon content and stability. The work hardening rate is kept high at
large strain and contribute TRIP effect to improve elongation. Although the specimen
austempered at 420°C has the highest retained austenite content, the carbon content and
stability of retained austenite is low. Consequently, most retained austenite rapidly transform
to martensite at early stage of deformation process. At large strain, the work hardening rate is

unable to be kept high and no more TRIP effect can be generated, leading to lower elongation.
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Figure 1. (a)TEM micrograph of interphase-precipitated carbides, (b)R.A. content

and(c)carbon content in R.A. with different austempering temperature, (d)R.A. content

during deformation.
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The current work investigated the relationship between microstructure and warm
deformation properties in a strong but ductile Mn-rich steel. A cold-rolled Fe-11Mn-0.068C
(in wt.%) steel was deformed isothermally after inter-critical annealing at 550°C to 720°C. It
was found that deformation at 600°C and 650°C leads to a high ductility (total elongation
over 90 %) because phase transformation accompanied with deformation. The microstructure
was characterized by transmission kikuchi diffraction (TKD). Austenite were only elongated
at severe deformed region (area reduction is about 50%) with strain rate 0.001/s. This
research could provide metallurgical information in designing strong but ductile steels for hot

processing.

Figure 1. Transmission kikuchi diffraction mapping of the Mn-rich steel after inter-

critical annealing at 650 °C for 10 min
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Gallium nitride (GaN), with wide direct bandgap of 3.4 eV as semiconductor, plays a
crucial role in current optoelectronics and high-power electronics [1]. As the scale of devices
becomes smaller, low-dimensional GaN nanowires (NWs), a new class of advanced materials,
have attracted considerable research interest because of their particular physical properties and

potential applicability as building blocks in the development of novel nanodevices [2].

In recent years, GaN NWs have been synthesized with the vapor-liquid-solid (VLS) or
vapor-solid-solid (VSS) mechanism, which makes use of foreign catalyst elements for the
nucleation and growth of NWs [3]. Here, we report GaN NWs grown on Si (111) substrate
through hydride vapor phase epitaxy using Au, Au/Ni and Au/Mn as catalysts. Metals were
deposited on the substrate by e-gun evaporator. We use transmission electron microscopy
(TEM) to study the GaN NWs microstructure from various metal/alloy catalysts. The growth

mechanism and catalyst/NW epitaxy will be discussed.
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Reactive multilayers are composed of nanoscale interlaced materials. By a localized
heating treatment, a portion of multilayers intermixes and releases latent heat of reaction, which
further mixes the adjacent region and generates gasless self-propagating flame [1]. The reaction
features localized high reaction temperature (up to 1000K-3000K) [2], small total amount of
heat release and unusual high propagating rate (up to tens of meters per second), which enables
the reactive multilayers to be used in applications such as jointing materials and initiator to
produce optical signal and reaction initiator [3].

For this study, the properties of self-propagating reaction in the Ni/a-Si systems such as
surface modulation, speed of propagation, morphology of reaction product and reaction
mechanisms will be discussed. In our experiment, we found that the steady state of self-

propagating reaction is critical to produce the flat and uniform product surface.

References
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In this work, the coopetitive relationships among dynamic strain-induced ferrite
transformation, reverse transformation and austenite recrystallization were investigated by
using dynamic dilatometry, optical metallography and electron backscattering diffraction in Al-
containing low carbon steel after/during hot compressions in the two-phase region. The
microscopic mechanisms of concurrent and successional dynamic softening were studied based
on the analysis of transformation crystallography. It was demonstrated that the occurrence of
reverse transformation leads to the formation of new austenite grains, which can act as
nucleation site and further induce austenite recrystallization. These paths for microstructural
control in steels are not common, but they can be enabled by critical thermo-mechanical

treatments combined with proper alloy design.

D
cl

Reverse Transformation Recrystallization

Figure 1. Schematic illustration (left) and electron backscattering diffraction analysis
(right) represent the micro-mechanism of reverse-transformation-induced recrystallization

after dynamic strain-induced transformation.
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A new method for microstructure and phase quantification in complex-phase low carbon
Nb-Mo bearing steels is developed. In the previous studies, large amount of polygonal BCC
structures and degenerated pearlite are found in the low carbon steels with medium cooling
rate. In the optical metallography, the granular shape ferrite grains are almost identical and
cannot be discriminated in the BCC matrix. However, it is possible to differentiate the
microstructures in the TEM observation, and there are two totally different sub-structure in the
granular-shaped ferrite. The lath structure with 500 nm width in the low carbon steels named
granular bainite. Although TEM can be used to distinguish microstructures, its capability for
phase quantification is limited owing to small observation area. EBSD combined with kernel
average misorientation (KAM) can be used for phase quantification. In this study, the KAM
mapping with different kernel size and various step size are investigated. It is concluded that
the kernel size close to the sub-structure size is the optimal condition for phase quantification.
With appropriate kernel size and large step size, phase quantification by EBSD mapping can

save much time without compromising accuracy.

150 B 600 — 0

1200 1500 1600 2000 Em
Figure 1. The KAM mapping versus various kernel size in low carbon Nb-Mo steels.
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Nanostructured bainite [1], having high potential as the bulletproofing material, has been
studied for many years. Nanostructured bainite possesses high strength, high elongation, but
its low toughness due to the instability of blocky austenite is a serious disadvantage. So, the
primary propose in this work is to improve the properties of blocky austenite. First, we
introduce ausforming process—plastic deformation at low temperature before isothermal
bainitic transformaiton—to change the microstructure of traditional nanostructured bainite.
Second, we further measure the stability of blocky austenite in ausformed bainite by EBSD.
Besides, the orientation relationship between blocky austenite and bainitic ferrite is analyzed
by EBSD. In ausformed bainite, the blocky austenite and bainitic sheaves are simultaneously
refined and well-distributed. The refined blocky austenite is further mechanical stabilized by
ausforming process, which might benefit to mechanical properties. Due to ausforming process,

variant selection is assisted by Shockley partial dislocations and measured by EBSD.

References
1. F.G. Caballero, H. Bhadeshia, K.J.A. Mawella, D.G. Jones, P. Brown, Mater. Sci. Technol.,
18 (2002) 279-284.

: ﬁ\ R e Slip system of FCC

Figure 1. Inverse pole figure (IPF) map of ausformed specimen with bainitite variant selection.

The relationship between slip systems and crystallography of bainitic ferrite.
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CsPbX3 (X=CI, Br and I or mixed halide system) nanocrystal is one of the promising
optoelectronic materials. The size of CsPbX3 crystal is the key factor for cubic phase
stabilization in room temperature [1]. In order to estimate the size of CsPbXs precisely, we
used the computer program for measuring large amount of the particles. However the
brightness of the particles are varied drastically due to the diffractive contrast, it is very difficult
to separate the particle object from the background. In this study, we applied contrast limited
adaptive histogram equalization (CLAHE) filter to enhance the contrast from particle to
background [2].The result as shown in figurel, and the filtered image gives the better result
than the raw image. We analyzed 2,017 particles from 7 images and the average equivalent

diameter is 17.04 nm.

References
1. A. Swarnkar et. Al., Science, 6308 354 (2016).
2. K. Zuiderveld, Graphics Gems IV, Academic Press (1994).

Figure 1. (a) Raw image. (b) Particle size analysis of the raw image. (c) Particle size
analysis of the CLAHE filtered image.
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Low carbon Ti and Ti-Mo bearing steels were investigated in the present study. Different
isothermal holding temperatures of 650°C, 680°C, 700°C, and 720°C were applied to generate
different dual-phase morphology with interphase precipitation inside ferrite. Holding time was
especially controlled for the similar volume percent of martensite. Grain size of dual-phase
structures decreases with decreasing holding temperatures for both steels. It is found that ferrite
hardness increases with decreasing holding temperatures; martensite hardness is on the inverse
trend. Ti and Mo together make a higher ferrite hardness yet lower martensite hardness. Carbon
content in martensite is used to explain the hardness variation in martensite. For lower holding
temperature, the dual-phase structure has higher strength together with larger elongation both
for Ti and Ti-Mo-bearing steels. Higher ferrite strength, lower ferrite/martensite hardness
difference, and reduced dual-phase size are used to explain the mechanical behaviors. Careful
TEM observation confirmed the existence of interphase precipitation, whose sheet spacing and
intercarbide spacing decrease with decreasing temperature, and enormously increase strength
contribution (see Figure 1). Martensite morphology was also observed to be different, which

accords with the hardness variation.
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Figure 1. Interphase precipitation found in Ti-bearing samples held at different holding
conditions: (a-¢) 650°C, 680°C, 700°C; (d-f) 720°C.
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Abstract:

This research is focused on developing the S690Q high strength steels by TMCP+DQ+T
processing to investigate weldability. The investigation includes related mechanical properties
test and microstructure analysis of heat affected zone (HAZ) simulation. Different welding
parameters are tested and provided for submerged arc welding. The microstructure evolution
can show the relationship between thermal cycles and their mechanical properties. Compared
to real single-pass weldment, the same microstructures can be observed in HAZ simulation.
Results above are applied to optimize related processes, and provide a total solution of S690Q

steel for large-scaled offshore wind turbine application.
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One of conventional synthesis techniques for TiN has been nitridation of titania (TiO2),
usually in the form of particles. Nitridation of single crystalline titania may be helpful for
understanding the fundamental mechanism for nitride formation without much complicated
effects from microstructural defects. Here, we report the orientation relationship of TiN
formed on nitrided rutile (001) substrate by nitrogen plasma. Figure 1 shows a typical cross-
sectional STEM-ADF image in Z-contrast obtained from a region around the TiN/TiO2
interface. From the FFT patterns, TiO2 in <110> zone axis (rutile in tetragonal structure) can
be recognized, whereas TiN is in <001> one, indicating <110> TiO2 // <100>TiN.
Furthermore, TiO2 (001) is parallel to TiN (011). From the newly found orientation
relationship, it is understood that nitridation of rutile may proceed along [001] to form
oriented TiN in <110>.

TiN [100]

TiO, [110]

-------

.........

LR B B 2

Figure 1. STEM-ADF image obtained from TiN/TiO2 interface with FFT patterns of TiN

and TiOa.
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TiO2 has many advantages for future electronics and energy applications, such as earth-
abundant, environmental friendly, resistance to corrosion, non-toxic to human, etc. [1].
However, the intrinsic TiO: is an n-type semiconductor due to oxygen deficiency in its structure.
It will be advantageous if we can fabricate p-type TiO: to replace other p-type oxide
semiconductor materials. In this study, we intend to dope aluminum in TiOz2 in order to prepare
a p-type TiO2 thin film. It is expected that by doing this we can also make a more efficient
photocatalyst TiOz2 thin film or make a homogeneous p-n junction interface. The atomic layer
deposition (ALD) process provides us a method to deposit thin film uniformly on any surface
structure and precisely control the composition of thin films [2]. In order to make uniform
aluminum distribution in TiOz thin films, we try two different methods, including interdiffusion
in Al203/TiO2 bilayer (Fig. 1(a)) and TiO2/Al203/TiO2 trilayer (Fig. 1(b)) structures and in-situ
AL03/TiO2 ALD growth (Fig. 1(c)). Transmission electron microscopy (TEM), Auger electron
spectroscopy (AES), and electron dispersive spectroscopy (EDS) are used to analyze the
deposited thin films. We find that the in-situ deposition process makes uniform aluminum
distribution in TiOz thin films. The electrical properties of these thin films will be determined

by the Hall measurement and the Seebeck coefficient measurement.
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1. V.C. Anitha, A.N. Banerjee, and S.W. Joo, Journal of Materials Science 50, 7495 (2015).
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Figure 1. (a) TEM image of the Al203/TiO2 bilayer structure. (b) TEM image of the
TiO2/AL203/TiOz2 trilayer structure. (c) Scanning TEM (STEM) image of the Al203/TiO2
thin film by in-situ ALD growth.
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The physical principles for fascinating electron channeling pattern are not easily
comprehensible, and most introductory materials provide associated image resembling Figure
la. However it is not easy to understand the pattern origin other than formidable theoretical
approach. To elucidate the understanding of electron channeling, in this work, the visualization
of electron channeling pattern was conducted by computer-generated three dimensional grid.
The associated pole figure of the three dimensional girds is plotted, and is shown in Figure 1b.
For a simple cubic lattice, the projection of the grids resembles that obtained in electron
channeling patterns. The reason for this similarity is that every black dot in the grids is blocking
the white background, just like every atom in regular array is blocking the electron beams.
Moreover, as illustrated in Figure 1b, low-index zone axes as well as low-index bands provide

wider channels for electron to propagate through, thus generating higher signals.
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Figure 1. (a) illustration of channeling effect. (b) calculated pole figure for simple cubic

grids.

[1] Coates DG, Phil. Mag. (1967), 16, 1179.
[2] D.C. Joy, D. E. Newbury, D. L. Davidson, J. App. Lett., (1982), 53, R81.
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The microstructure of atypical lenticular martensite in Fe-0.7C-13r stainless steel has been
studied by EBSD, TKD, and TEM in this research. In Fe-0.7C-13r stainless steel, after
austenization treatment at temperatures 1200°C for three days, austenite was stable at room
temperature and would transform to lenticular martensite after subzero treatment. During
analyzing of EBSD results of lenticular martensite, some peculiar microstructures of lenticular
martensite were observed. Because of the large interaction volume and the limited resolution
of EBSD, TKD and TEM were used to confirm that those microstructures were actual
microstructure rather than misleading results due to EBSD limitations. In Fe-0.7C-13r stainless

steel, those microstructures could be considered atypical lenticular martensite.
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Figure 1. EBSD, TKD and TEM images of atypical lenticular martensite
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TEM Metrology Enabler - A New Calibration Methodology
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There is a constant need to “shrink™ Si transistors to meet our insatiable demands for
smaller and more powerful devices. Consequently, TEM based metrology plays an ever
increasing role in advanced process nodes (20nm and beyond). Motivation: Improve TEM
metrology accuracy and minimize cross-tools deviation in an efficient way. Challenges: Can
we 1) have a better calibration standard and methodology; and 2) improve calibration/tool
matching efficiency? Current Status: The special MAG*I*CAL sample is a well-accepted
TEM calibration standard but it exhibits +2% uncertainty at the commonly used field-of-view
range (100-300nm). In addition, the calibration procedure which requires measuring lattice
spacing on HREM images is very inefficient. Innovation: 1) Use Si lattice spacing (Si dii1 =
0.31355 nm!!!, which can be routinely resolved in HREM images) as the calibration standard.
It is easily attainable and virtually every TEM sample with Si substrate can be used as
calibration standard; 2) Si lattice plan spacing is measured automatically with a software
algorithm in reciprocal/FFT space [>*). Major achievements: 1) Calibration can now be
derived from multiple measurements (i.e. averaged from >10 images), which is statistically
relevant; 2) TEM tool matching accuracy improve significantly (GRR test)
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Trait differences between variegated and non-variegated forms of Begonia
formosana, and correlations between leaf and reproductive characteristics
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Natural foliar variegated plants are occasionally found in forest understoreys. Begonia
formosana, a shade herb native to Taiwan, has two forms, variegated and non-variegated (green
form). The mechanism of foliar variegation in B. formosana has been reported to be the air
space type (structural variegation), with functional chloroplasts and similar photosynthetic
performance in both white areas and green areas of a variegated leaf. However, the detailed
morphological differences between the variegated and green forms have not been examined
previously. The aims of this work are to elucidate morphological differences between green (G)
and variegated leaves (VW, white areas and VG, green areas) and reproductive differences
between variegated (V) and green forms with a view to understanding fitness differences
between the two forms.

Leaves, male flowers and fruits of B. formosana were collected at Wulai and the
Yangmingshan National Park. The micromorphological traits of leaves, pollen and seeds were
observed with a tabletop microscope. The results showed that the polygonal-shaped adaxial
epidermal cells significantly vary in size (VG > G > VW). There is no size difference between
guard cells of different leaf areas, but the VG area has the smallest subsidiary cells, and the
VW area has the lowest stomatal density. The variegated form has significantly bigger pollen
gains and significantly bigger seeds than the green form, but there is no difference in male
flower size. These reproductive differences may reflect higher photosynthetic reserves of the
variegated form, potentially due to lower herbivory on the variegated plant, allowing it to

produce larger pollen grains and fruits.

KEYWORDS: adaxial epidermal cell, Begonia formosana, guard cell, male flower, pollen

grain, seed, stomata, variegation

-43-



Figure 1. Leaf and reproductive characteristics in Begonia formosana. A-C: the adaxial
epidermal cells in the three different areas of leaves. D-F: the stomata in the three different
areas of the abaxial leaves. G: a seed of the variegated form. H: a seed of the non-
variegated form. Abbreviations, VW: the white area of a variegated leaf; VG: the green area

of a variegated leaf; G: a green leaf. Scale bars: A-F = 50 um; G, H =20 um.
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In the dominant vascular plant clades, fully photosynthetic chloroplasts have highly
conserved structure, severely limiting opportunities for comparative studies of chloroplast
traits and their associated photosynthetic functioning. However, within the genus Selaginella,
which originated in the Devonian in the most basal vascular plant division, Lycophyta, high
chloroplast diversity is known, including major variations on chloroplast size and shape,
ultrastructure, tissue location and number per cell. High diversity is also known from algae,
and the diversity in Selaginella might be assumed to represent early diversification from an
ancestral condition different from the typical vascular plant. This situation would limit their
relevance to understanding potential adaptive constraints arising from in the dominant vascular
plant clades. Here we show that the ancestral chloroplast condition in Selaginella is the typical
condition for vascular plants, likely reflecting a common ancestor of all vascular plant
chloroplasts. We provide evidence that major environmental changes over hundreds of
millions of years have influenced Selaginella chloroplast diversification along different paths
in different major regions of the Earth, with much present day chloroplast diversity arising
relatively recently in the Cenozoic. This diversity includes monoplastidy, i.e. a single giant
chloroplast per cell, which is strongly associated with deep shade habitats, and is further
diversified with major variations on morphology and ultrastructure often found in different
tissues of a leaf. This chloroplast diversity has the potential to provide major lessons on

photosynthesis not available from typical model plant groups.

KEYWORDS: adaxial epidermal cell, bizonoplast, chloroplast, microphyll, monoplastid,
Lycophyta, phylogeny
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Figure 1. Chloroplast type, plant morphology and light environments. The graph of relative light
intensity against chloroplast category shows that the species with monoplastidy (M) occur in deep
shade environments in forests.
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Mosquitoes are not only important vectors for many pathogens, their bites also cause
allergic reactions in sensitive individuals.  In addition to eliminate mosquito breeding sites
(source reduction), synthetic insecticides are also periodically applied for vector control.
However, it still cannot effectively suppress the outbreak of vector-brone diseases in Taiwan.
It is therefore necessary to develop supplemental strategies for mosquito control. The eggs
of mosquito does not receive much focus as the control target as that of larvae and adult stage.
However, the egg shell could protect Aedes embryo from desiccation for 6 to 12 months (but
not in Culex mosquito), and can hatch soon after rainfall, it should be the vulnerable stage
suitable for mosquito control. Soon after oviposition, the chorion of mosquito egg becomes
hardening and darkening, a melanization process that made the eggs highly resistant to
desiccation. The current study showed that the hardening and darkening of Ae. aegypti egg
were significantly inhibited by various salt ranging from 0.3M to 0.5M, which render the eggs
futile. Micrographic analysis suggested that though the exochorionic network formed as
usual, the morphology of NaCl-treated eggs were shrink and the number of peripheral tubercle
were less than that of untreated eggs. Ultrastructural sections also showed that the exochorione
layer did not firmly attach to endochorion in NaCl-treated eggs and their endochorion were
thinner than that in control eggs. Whether the morphological distortion are responsible for

the abnormal melanization and futile in the NaCl-treated eggs deserves further investigation.
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The new standard
for FIB-prepared specimen preparation

United States Patent No. 7,132,673 No. 7,504,623

Model 1040 NanoMill®

e Ultra-low energy ion source E

® Concentrated ion beam
e Removes amorphous and implanted layers

® Post-FIB processing and enhancement
conventionally prepared specimens

Model 1080 PicoMill®

e Concentrated ion beam
® Complements FIB technology
o Precise endpoint detection = @@
® Insituimaging with ions and electrons

® Microscope connectivity for risk-free
specimen handling

I=l SANPANY www.sanpany.com.tw
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Pioneering Nanoanalysis Solutions

Advanced solutions for the SEM, TEM and FIB

EDS in TEM "
' Low kV EDS

We provide leading-edge tools
for advanced elemental, phase,
microstructure and electrical
nanoanalysis

EDS from large area mapping
to atomic column analysis

Low kV and light element
analysis

Grain analysis at the micro- and
Lift-out nanoscale using EBSD & TKD

Automated particle analysis and
gunshot residue analysis

Lamella preparation

EBIC and EBAC studies

OXFORD

INSTRUMENTS

www.oxford-instruments.com/nanoanalysis

The Business of Science”




S FEl

part of Thermo Fisher Scientific

Helios PFIB

A revolution in sample prep & analysis:
millimeters to nanometers

See the advantage: FEl.com
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