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MANtek

The Best R&D Partner

» www.ma-tek.com » 03-611-6678 » sales@ma-tek.com
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eading laboratory in Materials Analysis (MA).

pment, MA-tek has successfully expanded to provide Failure
ich is superior integrated service for customers in various industries.
e, providing around-the-clock services in logistic support and technical

SERVICES ITEMS

? LT ®

Project Based Services MA / PFA EFA / ESD Reliability Testing
+ Training Courses, Lectures - Decap, Delayer, Parallel Lapping - X-ray Radiography, SAT + HAST, LTST, TCT, TST
- |P Strategic Planning + SEM, EDX, TEM, EELS + EMMI, InGaAs, OBIRCH + THST, PCT, UB-HAST
+ Patent Infringment Study + FIB, Circuit Editing + Themos-mini, C-AFM + HTOL, BLT, ELFR
+ Benchmark Study - SIMS, SRP, SCM, AFM - Passive Volitage Contrast - Reflow Test
+ Competitors Analysis - Auger, XPS, XRD, FTIR, Raman - ESD, Latch-up Testing - Device, Package Level Testing
- Design Services + Optical Profiler - Wire Bonding, Packaging - Board, System Level Testing

%@ LIQUID SAMPLE TEM

Bio Medical REEREMNRE K-Kit &1 » Z—HEREGERITRA » AREERKFRERRERNRRE
RIFHESREEZGERZAMN - K-kitRBERREER - #AAABE - TABEREHRKE > BB
ARASERETIZ T —E SR AR AREAFEKFNBMAR - NEXERRKERI T EHEIR
Em o BESEE REBENRERREBELGER

- Liguid Sample TEM Service
+ Bio Sample and Bio-materials

» US 7807979 B2
» US 8969827 B2
» Anal. Chem. 2012, 84 : 6312-6316

EM Specimen Preparation

- Other Electron Microscopy Analysis :
Liquid, Cryo, Gel, Solid, etc.

+ ICP-MS, DLS, TGA, GC-MS, LC-MS

%

0 Dried on Cu grid Dried Mode of K-kit
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Schottky Field Emission Scanning Electron Microscope

Scientific / Metrology Instruments

oA

© JSM-ITB00 (SHL) features a new UHD detector.
* Improve the detection efficiency of the electrons generated from
the specimen by placing this detector into the objective lens.

Specimen: Acrylic particles
Accelerating voltage: 0.7 kV
Observation mode: BD
Detector: UHD

— 100nm

SHL (Super Hybrid Lens)

* An electromagnetic/electrostatic field superposed objective lens
by combining magnetic lens and electrostatic lens.

* A new objective lens design to achieve much higher spatial resolution for
observation and analysis by enhancing the Hybrid Lens.

BD mode (Beam Deceleration: BD)
* Enables deceleration of the beam before it lands on the specimen by applying

a bias voltage up to =5 kV to the specimen stage.
* Improves the spatial resolution and S/N significantly even at low accelerating voltage;

highly effective in observing the outermost surface of specimen, easily charged or beam damaged specimen.

The newly designed UHD

The newly designed UHD combined SHL is appropriate to obtain the stunning
SE images with high S/N at low accelerating voltage.

3,0°0m

— 100nm

Specimen: Gicada wing (osmium coating), Specimen: Aluminum Boehmite Specimen: Aluminium Oxide particles
Accelerating voltage: 1.0 KV Accelerating voltage: 0.3 KV Accelerating voltage: 0.5 KV

The thin nanosheet-structure
The surface structure of biological with less than 10 nm thickness The amazing step-structure on the
specimen can be clearly observed. can be clearly observed. surface of particles can be observed.

www.jiedong.com.tw BEEROABRAT

JSM-IT800 Super Hybrid Lens (SHL)

Stunning Images
Inspire
the Future

m Oxide

hi Takami

UED (upper Electron Detector)

* Collects electrons that are emitted at high angle.
* Enables collection of compositional images by selection of
backscattered electrons (BSE).

o * Observation of surface morphology when selectively capturing
the secondary electrons (SE).

Specimen: Ag nanoparticles.
on the surface of titanium dioxide
Accelerating voltage: 2.0 kV
Observation mode: SHL
Detector: UED

*Obtain the high angle BSE.

BED (BSE Detector)

Y * Suited for obtaining compositional, topographic and channeling
N contrast.
* Several types of BSE detectors are available to users.

SED (SE Detector)
* Detection of the SE and very low angle BSE signals to obtain
the topographic information of specimen.
—
High angle BSE

Middle and low angle BSE
Very low angle BSE

NEW BSE Detectors

SBED VBED
(Scintillator BSE Detector) (Versatile BSE Detecto)

VBED (inner) VBED (outer)
composition topography

Specimen: ultra thin section of mouse Specimen: phosphor
kidney (contrast reversion) Accelerating voltage: 3.0 kV
Accelerating voltage: 5.0 KV

S d: 0.04 :/pixel (5,120 x 3,840)
canepee s/l € ! According to the different detection angles of BSE,
Observe the biological ultra thin the signals are selectively obtained from different

section through high speed scanning detection area of these 5 sections.
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Department of Materials Science and Engineering, National Taiwan University

The Department of Materials Science and Engineering at National Taiwan University
has been committed to excellence in research and teaching for the past 40 years. We
are comprised of about 45 faculty and staff members, postdoctoral scientists, visiting
scholars, and more than 200 research students studying for postgraduate degrees. In
addition, each year our undergraduate program accepts 50 of the nation’s top high
school students. We have consistently been ranked in the top 10 for bachelor’s degrees
across all science, engineering, and technology disciplines based on Taiwan’s College
Entrance Examination. As part of our international strategy, we have a wide range of
formal collaboration agreements with top institutions worldwide for student and

faculty exchanges, double degrees, and cotutelle research programs.

The Department’s research covers all major areas of engineering materials, including
metals, ceramics, polymers, electronic materials, biomedical materials, 2D materials,
and solid-state device materials. Our current research income is about NTD 120 million
per year, primarily from competitive research projects funded by the Taiwanese
government, industry, and foreign funding sources via large-scale international
collaboration (e.g. the EU Framework Programme for Research and Innovation).
Throughout the history of the Department, it has been at the forefront of education
and research for materials science and engineering, with many notable alumni in
academia and industry. The Department is continuing to grow and is committed to

becoming one of the top institutions in the world for the study of materials.

Tzong-Lin Jay Shieh
Professor and Chair
Wlnter 2021

Department of Materials Science and E‘F‘i‘gl
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President's Welcome Address

I would like to welcome everyone to join the 2021 Materials Research Society-Taiwan International
Conference. This year's annual meeting is different from previous years. It will be held simultaneously with the first
international conference (MRSTIC) from November 13th to 17th hosted by the society. This grand conference is
organized by the Department of Materials Science and Engineering, National Taiwan University, and Co-organized
by National Taiwan University of Science and Technology/Industrial Technology Research Institute/National
Synchrotron Radiation Research Center.

The Materials Research Society-Taiwan organizes this international conference (MRSTIC). TACT International
Conference is organized by Taiwan Association for Coating and Thin-film Technology (380 papers) and the ACTSEA
International Conference (50 papers) held by the Taiwan Ceramic Society at the same time. An international
conference organized by three well-known materials-related societies in Taiwan simultaneously and together with
Taiwan International Materials Week. The main motivation: | believe that it is a good time to integrate all
organizations, peers of domestic materials-related fields together as a team, and plan "Taiwan International
Materials Week". | expect that through this communication platform, Taiwan's excellent researchers and industries
in material and related fields will get more opportunities to communicate with the world on advanced technologies
in materials, enhance awareness and influence, and fully demonstrate Taiwan's research capabilities.

Our original plan: International conferences will be held in one location at National Taipei University of
Technology to enable more researchers to gather from around the world at a commonplace. In this way, we can
have diversified and in-depth exchanges with experts and scholars from various countries with different expertise.
We can also enjoy delicious foods, beautiful views, and warm friendships with international friends. However, due
to the impact of the COVID-19 epidemic in Taiwan, we only could hold the virtual conference but at least take the
first step. It is very cost-effective to pay a fee and participate in all the three international conferences
simultaneously. In addition, due to the online paper publishing method, the pre-recorded videos will be placed in
the cloud drive for all participants after getting the speaker's permission and authorization. The participants can
watch the presentation videos repeatedly at their convenient time, even after the meeting.

The topics of this MRSTIC are pretty complete, including (a) Electronic Materials, (b). Energy and
Environmental Materials, (c) Bio-materials, (d) Advanced Functional Materials, (e) Advanced Structure Materials, (f)
Materials Modeling, Theory, Characterization, and Processing. A total of 870 papers have been collected so far.
There are 14 conference speeches, 73 Keynote speeches, and 229 Invited speeches. In addition, there are 132
overseas submissions, with representatives from 19 countries.

To enhance the participants' understanding of Taiwan's industry and strengthen the relationship between the
society and industry, at the same time, three industry forums are planned, such as Green Energy Materials Industry
Forum, 5G/6G Material Industry Forum, and Steel Material Industry Forum. Each session invites senior experts from

well-known industry/research institutions as lecturers. The conference's opening ceremony will continue awarding

4
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medals to those who have made achievements and contributions to the field of materials. Among them are the Lu
Tze-Hung Award, and the China Technical Consultants Inc. C7C/ Foundation Science and Technology Scholarship.
The winner is Professor San-Yuan Chen of National Yang Ming Chiao Tung University. The winner of the Material
Science and Technology Contribution Award is Xi-Qin Wang, General Manager of China Steel Corp. The winner of
the Outstanding Service Award is Professor Chi-Hsien Huang of Ming Chi University of Technology, Professor
Sammy Lap Ip Chan from National Central University and Dr. Jung-chou Oung from the Industrial Technology
Research Institute. The winner of the Young Scholar Award is Professor Han-Yi Chen of National Tsing Hua
University. Professor Ying-Jie Chen and Professor Chia-Yun Chen from National Cheng Kung University. MCP Paper
Award for the team of Professor Ying-hao Chu from National Yang Ming Chiao Tung University. The honorable
members of the New Science Society include Jian-Yong Ma, Chairman of Solar Applied Materials Technology Corp.
and Professor Chen of National Yang Ming Chiao Tung University. Congratulations to them.

This year, Wah Lee Industrial Corp., which hold 2021 Wah Lee Innovative Materials Competition, sponsors the
Industry-Academia Cooperation Committee. The total prize money is up to 1.11 million NTD, attracting 54 works
from 20 schools. The winning results will be announced at the conference. A series of courses for industry and
academia are also held in the name of the society. The first course is the Microelectronics and 3D IC Packaging
Course. It offers a 30-hour course. There are quite a few companies in the industry. This course provides a platform
for the industry to interact with professors with the hope of driving further industry -academia cooperation in the
future. The first material microstructure image competition was sponsored by the Publishing Committee that was
planned and executed by Chairperson Jason Jang and Professor Lee. A total of 81 works are signed up and 23 are
awarded. Thank you Materials Analysis Technology Inc. for the exclusive sponsorship

This academic committee held three material forums conducted at National Dong Hwa University, National
Pingtung University of Science and Technology of Science last year, and National Formosa University this year. The
purpose is to move to a school where more resources can be obtained, increase host teachers and students
exchange with the society. Each forum invited outstanding young scholars from the Materials Society to give
lectures at the school and got quite enthusiastic responses. The fifth material knowledge school competition has
been successfully completed. A total of 33 teams participated. There are two international teams from the well -
known IIT in India. This is also the first time that the competition organized by the academy has expanded to the
international stage. Thanks to Professor Huang from National Yang Ming Chiao Tung Universit for leading the team
to promote implementation. A total of 310students signed up for the 2nd high-school student material subject
competition. The province is divided into four districts for subject testing. Thanks to Professor Chen from National
Yang Ming Chiao Tung University for leading the team to promote the implementation.

Although after nearly two years of the Covid-19 epidemic, our association and the IUMRS international
organization still continued through video and internet, and the operation is not affected much. The impact index
of the society's MCP international academic journals has risen rapidly in recent years and increased to 4.0 for the
first time. Thank you very much editor-in-chief Professor Duh, Professor Chen and the editor-in-chief team for

their hard work!
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This annual meeting is incredibly grateful to Professor Shieh, Director (chairman) of the Department of
Materials Science and Engineering of National Taiwan University, for his active promotion. The great assistance of
Professor Liu/Professor Luo and the joint efforts of Professor Chu, professor Yiu from National Taiwan University of
Science and Technology is highly appreciated. The considerable work of the thesis group is the result of the joint
efforts of Professor Lai, professor Chu and the six group conveners and teams for smooth completion. Thank you
very much. In terms of funding, special thanks to more than 20 manufacturers including Wah Lee Industrial Corp.,
Tung Ho Steel Enterprise Corporation, Industrial Technology Research Institute, National Synchrotron Radiation
Research Center, Materials Analysis Technology Inc., China Steel Corporation, Metal Industries Research &
Development Centre, Academia Sinica, Macronix International Co., Ltd for their enthusiastic sponsorship.

The future outlook of the society will be to create closer ties with the industry. The tradition of material
technology is to provide more opportunities to high school students, college students, and high school teachers to
learn the technology, actively increase the visibility of the domestic materials industry in the world, and recommend
more young and outstanding scholars to be promoted to international organizations.

The society has been established since 1968, which has a history of more than 50 years. Members in all corners
of the industry, government, and academia contribute to the country and serve the society. They are very worthy
of our pride. The meeting of the society runs smoothly. Committees, including academic interaction, research
publications, industry-university-research cooperation, membership, MCP editing, fracture science,
thermodynamics and phase diagram, fellowship and medal, etc. All actively operate performing their duties,
providing members and various social service functions. The society has become an essential platform for
exchanges and cooperation in materials-related fields at home and abroad. Thank you very much for your long-
term efforts, and | hope that we will continue to support various activities in the future and develop more vigorously

from the beginning.

Finally, | wish the society prosperous, and | also wish you all good health and all the best.

?W@Ef ,L/Mf
Jow-Lay Huang
President of MRST
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van der Waals heteroepitaxy on muscovite
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HIGHLIGHTS GRAPHICAL ABSTRACT

o The background of van der Waals
epitaxy and muscovile were introduced

« The  heteroepitaxial — relationship  be-
ween overlayer and muscovite wen:
discussed.

o Technological benefits and applications
an muscovite were demonstrated.

ARTICLE INFO ABSTRACGCT

Feywordz: As current ddectronicos makes o bransition from bulky snd dgid templates to lightweight and flexdble ones, the

wan der Wasls heterocpitacy emerging Gdd of soft 1echnol is sl W revolutionize our daily life Cormenily, polymer based jemplates

rom dominate this field due 1o their excellent mechanical characteristics and low cost, but limited thermal budget and
o

stahilitics are the major technological bortlenecks resulting in poor performance and short duration of lifetime.
Recently, the weehnalogy based on van dor Waals heleroepilaxy on museovile is considered a4 promising so-
lution 1o overvome these barriers at once. In this paper, the characterdstics of muscovite and the mechanism of
van der Wisals heteroepltaxy will be introdeced, after that, o variety of materials on muscovite vie van der Waals
hetemcpitaxy and the offorts on practical applications are reported. With the outlook of material science and
help of advanced measoremenis, the evidenee ol heteroepitixy of muoscovite and overlayers s been deeply
analyped. Morenver, vardons measiurements of properties was carded ander bending conditions fo demonsteate
the mechanical stability and reliability. Through this review, we pave the path to develop mone material systems
on muscovite 10 make MICALonics completedy.
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110/11/13~14
I HhEEE BT A SR,

h. wEBAX

(—) BwmBERF
1T E R BRI
BEEMRIBEREE>2021 ETAFMRAEER

(https://www.mrst.org.tw/page.aspx?pid=428&lang=cht), TEHBBZREES: 2EREKR. 2EXRHE

. EREXREAMEREETE.
2LETEMFHRE

FER110F08 B 1I3A MM LB R B R (BEFHEExce)EEFEF: pilinhuang@itri.org.tw, EHEETE: 20

2021FE T BIFTM R KB RED,
BEBFHIBEXM

(O#&EER: FBERII0F8RI3RREFT TF X4, HMTBEEM.
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13 BREMBRRA) [excel 8. KK]

2BFXAEFREM AR BAEPR) (K]

BEMENTE: HFUFXRRABE [word & pdf FEE—]

4fEmBATE: tEREIRTE 25k [jpgf8, MB47E 300dpi X E]

5.1 f iR RS AR
SR ERR AR 25k, &M A RNEH R RETRAS KNEBBRER) [RRIR. jpg 1]

F O om®

6EEREE [MA]

7HBEMeR (K]

8 ERBESFEXMHMARETHE, BEFVIMBRERNFE, YFEalEmBaBuBEA

QREMER FRABIEFHATREEGRESHIFLTE, BITRAETE.
4 3RBE ML
BE A HEH/NE
Hodt: 310 FAEE R SETR FIER P ER 105 38 77 £8 B12 = [2021 TSI AIFMEIAE - THE/NE | 1L
TiE: 03-5917396
TEFEH: pilinhuang@itri.org.tw

~. BR: RBEE.

t. FEEIEE

(—) W&
L HEEN CSEXBRESRPETE (FRERBATN, £EAL. TERRREMBKAL %
HAEEEN.

R MEMBFERAERERETTREZE KD EBEGD
FAEHRI2~ISEANBERSINRE, ERIHEMNSESBERNEEIGREE.
RENEZERII0FIAISHAAMGRHEME, WINE-mailiBX.
NEREBRFERLII0F09A2488HE RERNER]| , YHFHEEEREERD).

o M WD
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(Z) RE

1. REFFEFH REFMHNESRS-42HRRET.

2. FPEGH ERRARTREEEERESSRTE M)

3. HMIMEMBFEMEHEREETERZE, KEDEBE MBS,
=) FNERRLEE

MERAEHRE:

FIEHE tbE
FRzEEMRIERTEE 30%
BAREZARRED 30%
FLREREE. Bk, FERMRRERE 40%
1T
aact 100%

I\, HERE
(—) %ﬂ%
1. BREE ﬁ"&%m‘%EIH%ET’H’EM(&%&FF/m)ﬁm_ EEH SELAFE BITREFNE. BEARE
%ﬁﬁﬂ‘ﬁé SEEHBEM A E3E T, WESNBRAKZKDIEE.

2. NBEREZIER, SEBEREERBFE ;J&%&ﬁﬁk&ﬁ%%, 1S SR SEE BT BN B R IR
(Z) RE

Fr

S
i

K

B8, BEWAW 308k, RE-—EREGREAZH.
B8, BEWAW 208k, RE-—ERGREAZH.

T
=i

B OR E
=i
X

BH =
&1

x|

=i

X

1

2

3 Hi T4, i%é%‘ﬁ“’ﬁn* 108k, RE—EREGREAZEK.
4. FHEIR 3%, REFKE 5BX, TIRIM.

5 REHREBERREMERAZRS.

6. BRBFARTPERBREREHMIMER.

. EBAEEE

ReBFRM ERRZEMR EMHBEREHREE ZBERMZEES YHIHTHSHIESZES
BEFgE FABmmL. 2FERZENEHLFTENE, BEILXR)AVEFEEROE,

+. EEEE

(—) FE2EERQEREARAER. EVEGEZBSE. TRENE
BH2BERBERALERAFMIZRES, ABUEHSEER,
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FFE

ARERER AEREEBEZRBYNEZ., MEME=BEZERIEBL Z2BEERATSEES
£, AEER.

WERHCEBBRIEEMMEIRFI =22 ER FTEURKERSE.

B A BB R R AR E AR BRI R R AL
WBEHMMNSE TR NSREIEZETEH FEKD, FEREX
SHRERGEERFEMMER, AR 2HF XM RERATERTRE,
BEBAFNLMY, FEHZEREIERXFHRA. BE. K2, BER)BRETERBES, 11215
TEFJTIRMEELER. BREE. FEZAERE. AEFURATE IHEMNTRIVEZEER.
(T) BXXMHRERABEIFFEREE, TREVHERTREG, TEREZER.

(/\)  BSEEREAER2021ESAIFMRIRFEL, YERBMANREE.
(1)
(T)

el
i)
It
‘]E

>

AN N N /SN /N
= =N
RSN UNE

SEEREETERZEERE HIABRERIFER.
EREERE SRAZFEEGHREIREMHMAENRERETER. LR Z21F RRRREE
TREFUEREEEZHETN, SABEASREER YRESASUAMEBRREHEMER RE

B

(T—) BARBREZABERRUMENIRFEER, WERYES IR RREREENSK S
ZIRF, FRERABEXRERREEBREREE.

(T2I2) SR mRtr R REMEENGERESMEZIRS, SREFNEEAEEXTEREES
BERE,

(T=) Akzs RS, NEACR)BRBURBERATEENR, BRERSBTARAME 2 EEHR
E o

(+0) FmEEELBEREE, RBHEEEHE >,
(+H) TRECEABRIEND BT,

+—. SR

(—) ARBEERZEEYEEBRIEANE, REAAREEISE AR HERER. THEMER

EETRABIR.
() RR2BERSEKEENE, (HEZBF MEME=FZREL HAEEaTEZEZEER.

(=) TMBEMUEERRSBERANEME YEENABEES, WEONEMBEZIRSBEBRINEZ.

= EMEMN PEMENESEE
=, BWTEM fEMHRNBEGESEWMEEZEE. TR TR

. BHEN EISCERNDBERAS
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2021 EAIFHMPAIAERFSRAEE

R EmBTB HEBR/BR
1 S/ ZE MUBEANFREAR—EURRERNZ SRR BEMRKE
. N s AEREAZE
2 FhFhiEE AN S B8R L BRI T,
3 R EEIRE AR B AP 5 HEF I e ORI 2= BEHEKFEAE
4 RBEr FERERANERELZERE BINKZ
5 HARE IR E
6 Bk BLERRIFE SRR R ORISR Z & B BRI K
BH Ttk & B (AR AR o
" lwmsmat s REAERS RSB
8 BESBHUBENESEFERBBERN ?jtﬂ?{k%
BHEXE
9 o HET KT B T AMINKE
10 |T#EAFEZERUIKE SERS £k Y- 2
11 |TER (&) R SR KE
12 |{RESEHEHFBRERRAASRERTSS N RIREBME/ME & BRI KR
13 |BIFEREEZBHRE S BitRIE K2
14 |\FFEERMAESRKMENERRFES RELKE
15  |ZVERAIBEAR R EMRHKE
16 |BUARGZEZMENEESREZER YN =
17 |BlHTBR R {ER T M B RE Y- 2
Y- 2
18 |TJi& [IREE#EES | B [ 5886 NESHAREBAEE
N
19 ERUEEE. FAREDL. HE. 2ER. JEENEFHEBE(AE |hEAE
)B4 K S R 5 A VE -
- MERUBE=RILEAEXEEBERERREIGRR SR8, Y& ———
BRES
VAU REEZTHAIE (CNF/Quartz) M8 = BRET-FI )
21 =E NS
& A
22 KRB EHESEERERNSE BERR AR
23 | EYREZK EBRAKREEK TEDSIRRERE LK
24 |BRBAHF-ZIREESBE SERS IR 2Rt SR KE
25  |ZERE-ZIAMEEEEEZEEZRERER SR KE
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ARR fEmEB HEBR/MER

26 |Z1&8H pH REFREHEAE S KRLER AR BERRKKE
27 |TTIRB [#EfhanSREEY) | WRABNNE R EERIRE ERAE

- iﬁ;;j%; ENXARGBETHETRREBEGURA S EARAE S B

29  |HAKCHERETRERII UV ESE LS pNE

30 |RIEE! wWENBmITLANER SERH K
31 |[BMEZIIREEEAALL OLED JLERET TEKRE

o s s e A A . 1 T8 - BRI AR

32 |BAHREKE/RABERKEBEABRESHITERER R A

33 | IRINAN-ERE AR A RORIER BERK AR

34 BHEE - RABR S & RE RN AT BERK AR
35  |FEMREFERIEIE OLED 548 THERE
36 |[MEGtERSE O AESERA HEKE
37  |Ultra light and flexible CIGS solar cell sticker HHEKE
38 | SEATEZRRICIREE I
39 |BLHE R IHE I ARER
40  |RIEEHEREHERNAES IR BHEMEBERE EEAE
41 | TREEABEEREY R AT KRE EERE
42 BN ENSHEEAKER R K2
43 |DUREBREMEECARKETHREANEEETRE IR ER

44 | BECEBRIEARL SRR AE
45 | BRBRRMEIZ S M MRAM EEAE
46  |\BICER-FEM R &R EY PN
47 |BERATEESREER I ARER
48  |BERSTTABHESICENBZER EERE

49 | RRBEERER BT RHR R 2
50 |SMEXERZAEFEEMR MR
KB

51 |[UHREAFKEEESER SERNEAE
NN » . REKXE

52 |SEBUEIRALIMCAEERORIR —
= b ek AL N B4k gE BEAR

53  |[TEEREICINEAZ BMHIEAEAISES S
54  |ERAREWENEERZFBNEELBEEREEE TiA K
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2021 FEAIFMBRAEREER

AR fEm &t £& EEHIR 2R

BE. BREDEL| KB |BYSERRKER

e E = ‘Q_fﬁ . Eﬁﬁ’:"%c E‘ ke Y 2 kv2 N 2
1 | hEESERE AR S E8UE LBt drmEk . mAm| maY |BEsadtRligas

REE. ERHh

) |FHREHESERTRENS . BEE| BT |EIARREAS
%
BRTR- MK ERRETRR SRS | L | BET | ..
: R SR . BRI KR
S e B WA | e | RERK
UM [ 4 fhe Sty | A 6B 2K . N
o | T Titbes ) R _— N
EETRE
5 |EHE - EAEABYHUBERRSES | AEH MRS | mEREAS
s Eha .

6 |FEUFREABREMEREY IR AT KSR BREE |BEI=BAE

PN

YER. FEH

7 | ZEHE-ZINESEEESEE I RERER EF |HERRKRE

MIERE
FEEHERREERNAESIRBARIEE |RE%Hh. HEE ) s | g
8 it EHEH ek B 2 =K
9 |BLH AT LR, =FE| TEP |BEZIhKE

ERmBl. =R

Tam BXGE |BEEEAR

10 |E8REHRZ 5 MRAM

ik [RIEE#HEN | & [ S8 % | Eo5hE. WEE

N ) N7 H B ok B
| e g s e wxE. mry| Tas |BEIRAX
L |ZETEEE, ARSL. TEE. 289, ok WEE |EuhRAcS

THBHTTRENEN DREXSEETE| B4 [
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BE. 110 EMRIARBERE
TEANNESEE-FHE (22)MBB2ENREE
Materials Research Society-Taiwan — 5" (2021) Materials Knowledge Contest

rsus  FEATE  CATCHER TR m;_\_;tﬁ‘ﬁﬁr PELTR N ET A

Erer Fe

I TEVHNESEe HEARNBEZEE. HRXBEKRS
W R, b, BAXEE. URMK. EEH. oEEXHELS

S
AHSBEXBFEEMYNE RAPEMNNEEe S8 [FEMNNEESERE
o2 R B EMEBHE .

SMER:

M 3~4 NS (BEEDL 3N, EF4N), HEBAR—BREBRER (EL 241)
HELTHELE (FEELE) A1E8EBER TRHMR. SRAR—K. EF—BERH (TUH
BrE. BEXEWREREMT, BERK), LRASMEERUNLESBENSHHE,

HENE:

1L MRsANE] [HRBHEEHN]. B [MRlEEHMHE] BEAIRHRE.
[MRlsh 2| 4B E . David R. Gaskell, "Introduction to the Thermodynamics of Materials",5™ Edition
CRC Press, (2008). H14BFARFSE . (30%)

2. [HRBHgH | vEELE: FHR. REA XEFEREAMBEESNT, PEME
BeR£ER. RAEMKE. (30%)

3. [#RlszE4nsk | pEEEEE: William D. Callister and David G. Rethwisch, Materials Science and
Engineering, John Wiley&Son Inc., Slversion, 9U' (2014) edition. #MEMEMEREXE. HMAEMEE,
(40%)

HERE:

BHR2021F 9B 0 EMEZRER LX%EBBH%J‘?‘%%E% IR T N IHRE & 2000
T(BK). REEKRS2ERRE BEALBFAITRE REEKERERILABER,
TEHR, FTEAHSIMEMBE. 2021 F 9 B 18 BT TR B MR 10 EKE, m%%@%
Rt 1000 TRENE (BRK), ERSEARIEME.
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FFE

B

REBEHELEBEITEREFNBZLE, ABREBNRINBEARBHRERE, VESHKAERRE
BREMABRTE, RECHEETERE, ITH2BSHEANIBRTIAETRE LA, BEMEE
TRARBEEEE. BEMATN 2021 FE9B830HHER. (BENLLEBRRL, #2EHMH 2
EHRRERERE
(https://www.facebook.com/%E6%IDHIOUEE%IE%IUE5%ADKBEKESHAQ%E 2%E 7% FHASHESHADKIBHE 7%ABKBE%E
8%B3%BD-278909592554000)

R BRI LR

> MEFE R 2021 F 108 30 BET, BEHEANREN I XKGE.

> MERE: RLER (W BREFTEE) HAKLEBZXE (W Kahoot) .

> RE: R2021F 118138, FEMBNNBEEEEE
(https://mrstic2021.mrst.org.tw/site/page.aspx?pid=901&sid=1378&lang=en)5& — X £ 17,

> REWE: RLE®R (HlW: BRESYE) EHAKLEZEEZR (flM: Kahoot),

-

B RRE, BIREES 30000 (BK), ¥ 2 28M. BREES 200007 (), %3
BB, BAREIES 10,000 T (BRK), % 4-6 REMREES 6000T (FFK), % 7-9 [IEIREE
£ 30007 (FFK). BT 9 BRIOAIIEEEAT, BUBRHRM.
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ShlE (2021)#8 82 MR

—. BiiTER:

1. BBZEE REB. RE. RPAZ. LB RIS, BRAFT. BREX. BRER. BREE. EaX. #
B, FWX

2. BEZEE: Prof. Sudhanshu Shekhar Singh, Indian Institute of Technology -Kanpur

—. JAaR

1. H#%: ARE=E(Facebook)

2. HEEETHZE. H GoogleMeet

3. mEHETD: B Kahoot

4. EEBERHNEHEL EHEAHEELEE XS (Facebook) EEEGN I B #k5 BRI E BRI

=]

#®§ o 8

i MERRREEETE g g o
D I NS A
TEFETEREESNE

-]

dil seriadie @Y i B e o

i
Wl

MES a,,."u”,'. CATCHER TR 8
i
}:Z L[g‘

H 4] Advanced Semiconductor Engineering { ASE )
ASUS Technology Private Limited
LF R Carcher Technology Ca,
i China Steel
rpdAE China Technical Consultants Inc.

¥ Taiwan Semiconductor Manufacturing
Corporation (TSMC) Foundation,

5. #tat Kahoot ZREM M X #eE B 5 R B RIE
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K! 'Drem.i'um + ) Home @ Discover = Library ol Reports 298 cGroups m o i
> Summary Players (45] Questions (23) Feedback
ﬁ:; S Expandedview £ Compactview
All (23) Difficuit questions (3) Search
a Question + Type v Correct/incorrect v
4 Is this cycle reversible, irreversible, or impossible? (£EREEE)] (single select.. Quiz O 7%
20 Which of the fellowing is not a property of metallic glass? Quiz O 6%
14  Which of the following are not usually different for two polymorphs of a comp... iz O 29%
22 In which of the following defect, the density of the crystal is affected? Quiz o 36
12 Which of the following is least true for a good-quality single crystal of a mater... Quiz o 36
13  Which of the following |s least likely to improve precision of diffraction analys... Quiz O I6%
6 According to Joule's experiments, (single select, HIX) Qulz O A2%
10 From the Bragg's law: if the value of the wavelength is doubled, which of the f... Quilz o 2%
Tl Which of the following property that has no effect on total X-ray diffraction p... Quiz O ST
9  Lattice points all have identical surroundings True or Taise {) 53%

;ﬁ; B IEEEET PRI

1 ERvASSEEp N Hfd M 47 % —BX

2 EIRVAR P N:- B — BEETRHAM

3 EhvA Sl N NEE AaAA e o

4 ETRVASYINES = IEE B I ERKE Vi

5 AN [=RioN Overcooked Materials
6 EvaA I N2 HEE TR T S SEARK
7 |BZFREARBAE| EWX TEAMT752

8 BV NE ! i WREES

9 ERVASYCNES BRIE A ITEEEER

10 BB Bm AR RNE Warriors With Wisdom
11 Bz aBRRKE| 1RIES ANERTUEER

12 | BFEKRE | BHLE BRI RIRE SRR
13| BSBEKRE TRt LA/ B

14 | BIBEKRE EBEEE MRLBE 2 BBK
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15 | BIS/EEKRE KMEHE B SRR RE

16 | Bz HELKER RRA BMERERTF
17 | BISBEAE ISR EAmUER

18 | BISiBEAE EEY BRI A—E M
19 | BARERHEAE AR MAZRRE R

20 (BIZPBIARBAE HEX FIRHRK RER—T
21 | BlrAEKRE PREE UBHEE

22 |BIIPHIARR B AR KRR SMART team

23 ERAE SRE A HH S 4R $R

24 BIZPBIARRBAE RIGE RERE

25 | BIEAEKRE BEL BFHEBER

26 | BIBEAE MREEE TR ESABEES

27 REAE HE Ta Mather Bj&ESAEN
28 | BISBEKRE LnE BE AT AU BE St A 22
29 |BIZPHEAR B AR XA LR E A8 1

30 REAEZ RELE FEERE

Indian Institute of
Nilesh
31 Technology, [ITK1
Badwe
Kanpur

Indian Institute of | Sudhanshu

32 Technology, Shekhar [ITK2
Kanpur Singh
33 ERKE SN RH %k an o IUIREE
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AR AR AR

B
o
T R A
LA
-
B AR

Indian Institute of Technology,
Kanpur

HEHIA

BT A AR

CRVES Y

BV e HEAR

B2 wAKRE
B A AR
REAL
REKE
Bl
EIAVAS)- PN--
Bl v e SRR AR
B Y7 R TR ER
Bl S K2
Indian Institute of Technology, Kanpur
ERRE
B 17 P LK 22
Bl SEARE
Bl GRRR B A
Bl EERE
muﬁ+

-_—

O O W WMNDNMNA-A A A A A a -

w
w
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B4k 11/13 £ 2 E RBPRARE R FH 4851 9 Bk

1. REEEBRAM (BIZIIKE):
MEF. MER. REXR. IEF (BEIEE B2

2. PHEBEXEBX (BEEKRER):
MR, FiEm. BER. IXX0 (883K EEH)

3. HRIERRM (BsHEAE):
M=, BREER. R¥E. Bl (EE8X i)

4. IR EEABER Y (BLFEXS):
mFE. MEER. G55, BB (5 HER)

5. AFIEBEEF (BlzHhRAE):
BEME. SRPE. F2E. FHEE EEHR RRH)

6. MHEMEE (B FEXE)
whtls. =R, RMER. Bl EEHR KBE)

7. HHRK, (RER—T (BlzfEHAZEARSR):
REE. FEEG. FHE. B (BEEER: &8

8. Warriors with wisdom ([ 3z f5 BB 32 18 K &8):
2% . BHR. NEEB. BRIF FBEHR: RXE)

9. AERIFNEUER: (Bl EERZAR):
MIEE . KA. REBEK. BORE (S8R RFE)
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BR. 110 FEEMHPREREBREIBRE

2021 G BMHPBRERRVERBERE BEWE
2021 EEMHRNBRERREXERE] HE, REES [MENBEMERRXE | 2HRETE, B8
BAREEFOMBRFREUMBHRNBEEZAESEE, RTHNBERIINIESHERBERHE. ARFATEMH
NESgTH. HRRMEARYE

SEEWN:
B4
(1) 2EZFACEBAERRAERE, B&AXELE. HLEEBLE(RINELE)
2) BASEBRRETER/FERSIN, —BKEL5 A, BIEEEM1 A
Q) BAARKAERABESS, AEFEREII0F)BESXE
(4) TRIRMHER4 B E R5E MARE
HEAL
1) BEASEBEREAGEBLEZEXFR. B, TREMZHE —BKELS5 A

(2) ERMBIEEEE
B4R
(1) FHRAEFBRMECEM)Z KA
(2) FEANEFEMBRTEMZHRA
(3) JEREEREE(OM). X-ray Bl IERE AR A D Hrikas

ettt
(1) BTHBERZIN AR EBERT2HR.
(2) FER2HIRT B 800 x 600 REDLE, R EPAMBHER scale bar), LMMIERELE, EH4
2R R WEH FXREXITRE, FHES 300 7.
6) PERENRRBEHILS . TTRRCHRTNAR, BARN LRARS 82, BRERM bmp,

tiff 3 jpeg AR,
(4) TTHEANEEEE SR RYE B .
(5) FBSEABEBIEUKREA,

SET:
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FFE

(1) HBFEARBULBEF [2021 GEMENBRENEGHRE] 2 EREREXHUETHBHTIFTE:

twesms.movie@gmail.com , FEiTH [2021 8B MRIRNE2RERAERGHEE],

(2) #|mEBEXM: B 1-5 EHTHRBRIKFRERE LY 55 —1E8 PDF 48, POF FVRERE

(3) BERLHULBAH: BEEZE 1104F9 8 15
4) AMEmEBEMR: 110511 B8 B, HUEFEMFEAM.

(5) PEIEEHEIKLME: 110F 11 B 18 H

R RRAR30%. B0, XFHIBAE20%. BIFE20%, (HEESFIB—RINEEREBBEZZR

BRAHEEEMNETD).

FERT: BAMEMISHRMEE BEEXETHEZE MERRER A PHRE —
MEREELR, SEETRER. SEBYRNSERENY RRESHEZREMTRF.
2021 B EAMBRNEBERENAER GRESAZITE

%15 A ®E ik
TER % 5,000 7T 3k
RER 7% 3,000 7T 75k
HER 7% 2,000 7T 75k

E1E 2 1,000 7t Z5R

HEAR: BEESEREBMERES twesms.movie@gmail.com 3 03-4227151#34936 £/)0\H

2021 BEMEINBREEEEBRE 2FRH

FESERMBRERMILFT8LIRR, Kt T:

(1) FHERSTEMBCEMEGA - B4 48/ 468
2) FENETFBEHRCEMTHAE @ LS8/ 7B
() FEREFEMBIEMBBA © B4 4/ 158
4) FEREFBEMBETEMEKRA © HEA/ 4%
(5) MEBEEMIR(OM). X-raysi BIEREM BRIV ITiERR: 2440/ 6K
(6) NEBREMIR(OM). X-raysi BIEREM BRIV ITiERR: L2/ 3K
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FFE

2021 BEMHPBENEREAXERTE SRIE

BHRAEFEMSESEM /248
£4i& [Blanket stars] Bl AINAZ/MRIBIER TRER/MED/MNES . =EE. BT, FXE
$REH [Arosein bushes| Bz A LIAKZE/MRBEERBER/GRNX/METHE
AR [BRAEF] B tREAR/MEREMRA/BRAE/ZHE. T8
£  [Living fossil — horseshoe crabs (fossil trilobites) | Bz 77 1L K22 /418 B YL BRI BB Z /2R XN X/ T )b
IR
[Glacier] BISzFRAZ/MEI/BEEF/HRXIE. EHK. BRE. BREH. EXF
"IN 7 Taiwan| Bz FIKSE/MEEABERBER/Z B/ REE
[#grass (seagrass )| BN AS/MEINBRTIREER/ KRR/ MIEE . FEE. KT
[Flowers in rocks | [B37 LI KE/# R EL L EBRIEBE R /SR N U/E K12
[Snow Christmas | [Bx7 K /4RI P/ERBE/BRAEME . TRCHE. LIS . BEN. FRE
[TERE SR | B~z A ER /IR R/ BRI/ 2R R
[ &6 e E B A X fEMr. Chameleon and his buddy | Bz I KZE/MRIBIER TRER/RS
TE/EPEfR. KRR, REH
[REBCRAFER] B PUAE/MNBRAENEER/EERE/FRE
[FETRIBRE ] B EAE/MERBRTREER/BRTF/ GRS
[ Micro-terrace Farming (B H#HE) ] BB ERE/ TRERFRBR/ERE/T LR
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2021 MRSTIC Scientific Program — Live Online Events

Nov 13 (SAT)

Nov 14 (SUN) Nov 15 (MON)

Nov 16 (TUE)

Nov 17 (WED)

AM Sessions

Plenary speech:

09:00 - Plenary speech: Plenary speech:
Opening Prof. Arumugam
09:40 Prof. Hiroki Kurata Prof. Jens Birch
Manthiram
Plenary speech: Plenary speech: Plenary speech:
09:50 - Plenary speech:
Prof. Li-Chyong Prof. Edward Yi Prof. Tadatomo
10:30 Prof. Antonio Facchetti
Chen Chang Suga
Plenary speech: Selected Keynote Plenary speech:
10:40 - Plenary speech:
Prof. Chuan-Pu speech: Prof. Xiangfeng
11:20 Prof. Sang-Woo Kim
Liu Prof. Jau-Ho Jean Duan
Plenary speech:
11:30 - Plenary speech: Plenary speech: Plenary speech:
Prof. Yadong
12:10 Prof. Alex K.Y. Jen Prof. Chih-Huang Lai Prof. Jackie Y. Ying
Wang
PM Sessions
#
MOST MSE Division
Materials Chemistry
Colloquium Selected Keynote
12:20 - and Physics
BRI P RS speech: Closing
13:00 (Elsevier)
FHA BREBRER Prof. Ta-Jen Yen
Colloquium
(MHRIZBPIBEN)
13:00 - 14:00
#NSRRC Colloguium
RL2E R B [E H R e LR R Selected Keynote Selected Keynote
Selected Keynote
13:10 - Fas=cmiE speech: speech:
speech:
13:50 HE MHEERL, BEeE Prof. Li-Chyong Prof. Sarah Christine
Prof. Shirley Meng
+. SEPEER Chen Heilshorn
FHRA EFREXEIR. KER
HL
#2021 MRS-Taiwan Annual Live Industry Forum Live Industry Forum Live Industry Forum
14:00 -
Meeting & Award Presentation | (Renewable Energy) (B5G/6G Materials) (Steels)
16:00

FEMRREES 110 Fg

HEERIE (HE) | #EERIE (B5G/6C)

HEERE (BE)

* By invitation only
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Nov 13 (SAT)
09:00 - 09:40
09:50 - 10:30
10:40 - 11:20
11:30-12:10
PM Sessions
*MOST MSE Division Collogquium
12:20 - 13:00 R RI P R e
FRA: REBBIR #RBFBEREAN)
#NSRRC Colloquium
Rl R B E RN R R B AR RIE
13:00 - 14:00
BE: HEERLT. BESE L. SEBPEER
FRA: ZFEXEER. KEA/EL
#2021 MRS-Taiwan Annual Meeting & Award
14.00 - 16:00 Presentation
FEMEREEE 110 F£8

* By invitation only

# Conducted in Mandarin Chinese
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Nov 14 (SUN)

AM Sessions

09:00 - 09:40

Opening

09:50 - 10:30

Prof. Li-Chyong Chen
In situ and Operando Spectroscopies for Probing the
Mechanisms of CO. Reduction and Oxygen/Water
Reductions on Atomically Designed Catalysts
Host: Dr. Yan-Gu Lin

10:40 - 11:20

Prof. Chuan-Pu Liu
Materials Design at Nanoscale for Enerqy Harvest and
Energy Storage
Host: Dr. Han-Yi Chen

11:30 - 12:10

Prof. Yadong Wang
Metallo-elastomers: Design and Biomedical Applications
Host: Prof. Tzu-Wei Wang

PM Sessions

12:20 - 13:00

Materials Chemistry and Physics (Elsevier) Colloquium
Speaker: Prof. Lap-Ip Chan
Host: Prof. Tsong-Pyng Perng

13:10 - 13:50

Li-Chyong Chen
‘Artificial Leaves Based on Two-dimensional Nanomaterials:
Design, Fabrication, Characterization and Photocatalytic
Application
Host: Prof. Jay Shieh

14:00 -

16:00

* Live Industry Forum (Renewable Energy)

EESREmIE (AREE)

# Conducted in Mandarin Chinese W H &7

I Selected Keynote Speech
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Plenary Speaker

Prof. Li-Chyong Chen

Distinguished Research Fellow,

Center for Condensed Matter Sciences (CCMS), &
Director,

Center of Atomic Initiative for New Materials (Al-Mat),
National Taiwan University (NTU), Taipei, Taiwan

Biography

Dr. Li-Chyong Chen received her B.S. in Physics from NTU (1981), and Ph.D. in Applied Physics from Harvard
University (1989); afterwards, she worked at the Materials Research Center in General Electric Corporate R&D,
Schenectady, New York (1989-1994), before she joined the CCMS, NTU. Li-Chyong was the Director of CCMS
(2012-2018) and is now the Director of Al-Mat since 2018. Her group is specialized in low-dimensional
nanomaterials and their applications for optoelectronics, energy and sensing. Till date she has 16 patents, 16 book
chapters/review articles and over 425 papers, with a total citations over 18,000 and an H-index of 68 (updated Oct.
6, 2021). Selective honors she has received: a Fellow of both the Physical Society and Vacuum Society in Taiwan,
and the Materials Research Society (MRS) in USA, a Laureate of the 22nd Khwarizmi International Award, twice the
Outstanding Research Award by Ministry of Science and Technology, Outstanding Scholar Foundation Award, Ho
Chin-Tui Outstanding Scholar Award in Materials Science, Acharya Vinova International Award in Materials Science
and Technology, Academician of Asia Pacific Academy of Materials, Taiwan Outstanding Women in Science, the
Ministry of Education Academic Award and Y. Z. Hsu Scientific Chair Professor _Nano Science & Technology. Li-
Chyong was a member of the Board of Directors for MRS in 2017-2019 and served for the Commission on Structure
and Dynamics of Condensed Matter in International Union of Pure and Applied Physics since 2018. Currently, she
is also serving the Board of Trustees of the National Synchrotron Radiation Research Center in Taiwan. She has
been appointed as a Series Editor for the book series on Nanoscience and Nanotechnology by the World Scientific
Publisher since 2015, and served the Editorial Advisory Board on Critical Reviews in Solid State and Materials

Sciences for Taylor and Francis since 2004.
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In situ and Operando Spectroscopies for Probing the Mechanisms of CO2 Reduction and
Oxygen/Water Reductions on Atomically Designed Catalysts

Photocatalytic CO. conversion to hydrocarbon fuels (also named as solar fuels), which makes possible
simultaneous solar energy harvesting and CO. reduction reaction (CO:RR), is considered a killing two
birds with one stone approach to solving the energy and environmental problems. However, the
development of solar fuels has been hampered by the low photon-to-fuel conversion efficiency of the
photocatalysts and lack of the product selectivity. Meanwhile, searching a non-noble metal catalyst for
electrochemical energy conversion, such as oxygen reduction reaction (ORR) and hydrogen evolution
reaction (HER), has been a holy grail for bringing electrocatalyst systems into more widespread
applications. Among them, the transition metal complexes, characterized by a redox active single-metal-
atom with biomimetic ligands, have been attractive for both ORR and HER. Besides the challenges in
materials design and fabrication, to make such energy conversion techniques towards practical solutions,
some key questions need to be addressed. For instance: What are the determining steps for COzRR, ORR
and HER?

Advancements in in situ and operando synchrotron radiation-based spectroscopies, such as X-ray
photoelectron spectroscopy (XPS), along with various vibrational spectroscopies, e.g. Raman and Fourier
transform infrared spectroscopy (FTIR), have enabled scientists to probe the geometric, bonding and
electronic information of the catalyst and obtain atomic insights into the catalytic surfaces and reaction
mechanisms.

Selective cases will be illustrated: (1) near ambient pressure XPS for comparative studies on the
electronic and chemical properties of MoS;, with and without defect engineering, in various CO2/H:O
ambient; (2) angle-dependent XANES and in situ Raman for the electronic density distribution in carbon-
implanted SnS: and their surface affinity to CO: [Nano Energy 72, 104717 (2020)]; (3) diffuse-reflectance
FTIR for the intermediate species adsorbed on the ZnS-ZnIn.S. catalyst during photo-catalytic CO:RR
and their implications for reaction pathways; (4) operando XAS coupled with electrochemical impedance
spectroscopy for monitoring the oxygen binding site on the single-atom ORR catalyst [Nature Comm.
11, article number 4233 (2020)]; (5) XANES and EXAFS for understanding the coordination of single-
atom HER catalyst and its impacts on the adsorption/desorption of hydrogen [Nano Energy 80, 105544
(2021)].
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Plenary Speaker

Professor Chuan-Pu Liu

Chair Professor

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

Biography

Professor Chuan-Pu Liu received his Ph.D. degree in materials science at University of Cambridge, U.K. After
working as a PostDoc fellow at Materials Research Lab, University of lllinois at Urbana-Champaign, USA, He
returned to National Cheng Kung University, Taiwan as an assistant professor. Currently he is a Chair Professor at
the Department of Materials Science and Engineering. His research mainly focuses on Semiconductor nanowires
and thin films, Quantum dots, TEM atomic scale imaging and modeling, Nano-devices, Piezotronic and
Thermoelectric devices, Lithium lon Battery, Gas and chemical Sensors. His publications are cited for more than
5000 times and awarded with honors such as Industry-academic collaboration excellence award, National Cheng
Kung University for year 2019 & 2020, Best Technology Paper Award on Green Energy, Far Eastern Y.Z. Hsu Science
and Technology Memorial Foundation at 2019, Excellent Paper Award (2019) & High Citation Award (2015) of
NCKU, and many more. He was also Distinguished Professor of NCKU for years 2011, 2014 and 2017.
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Materials Design at Nanoscale for Energy Harvest and Energy Storage

Energy crisis is quickly approaching upon us in all aspects, prompting the urgent need to develop
new and green technologies from energy harvest to energy storage. Nevertheless, most of the new
technologies presented face challenges being inefficient or high technology difficulties to be
implemented. These hurdles can be mitigated through smart microstructure design in the active
materials. Here, | would like to present the cases tackling problems in piezoelectric nanogenerators for
energy harvest and lithium ion battery anodes for energy storage. The common bottlenecks hindering
piezoelectric nanogenerators from further progressing are relatively low piezoelectric coefficients and
screening effects, where the generated piezopotential becomes waned or even diminished by the
presence of free carriers, resulting in low total output power generation. | will present the progress of
various ZnO and GaN-based nanostructures with structure modifications in enhancing piezopotential
and strategies for piezotronic devices. On the other hand, lithium ion battery demands higher energy
capacity and longer cycle life to meet the needs in electric vehicles and energy storage. For this, Si-based
nanomaterials regarded as the highest capacity anodes have received tremendous attention, but
unfortunately, little progress has been achieved toward application due to sever volume expansion, high
electrochemical instability and poor electrical conductivity. These bottlenecks appear unlikely to be
handled will simultaneously, especially from nano-scale as individual nanoparticles to bulk-scale as
battery devices. | will present our strategies to tackle these issues first by nanoscaling followed by
homogenous but thin coating on the surface of individual Si nanoparticles and finished up by composite
granulation, providing high capacity, long cycle life and high packing density to be realized in real

application.
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Plenary Speaker

Professor Yadong Wang

McAdam Family Foundation Professor of Heart Assist
Technology,

Meinig School of Biomedical Engineering,

Cornell University, New York, USA.

Biography

Professor Yadong Wang is the McAdam Family Foundation Professor of Cardiac Assist Technology at the Meinig
School of Biomedical Engineering at Cornell University. He was previously the William Kepler Whiteford Professor
of Bioengineering with adjunct positions in Chemical Engineering and Surgery at the University of Pittsburgh. His
first academic job was an assistant professor at the Biomedical Engineering Department at Georgia Institute of
Technology. He obtained his Ph.D. degree in Chemistry at Stanford University in 1999, and performed his
postdoctoral studies in biomaterials at MIT. He joined the Bioengineering Department at University of Pittsburgh
in 2008 after serving as an assistant professor at the Georgia Institute of Technology for 5 years. His research
focuses on creating biomaterials that present controlled chemical, physical, and mechanical signals to cells, tissues
and organs. The ultimate goal is to control how the human body interacts with these materials. He is especially
interested in applications of biomaterials in the cardiovascular, nervous and musculoskeletal systems. His team
enjoys collaborating with other scientists and clinicians who share the same passion in translational research.

Current projects include vascular grafts, controlled release of proteins and microfabrication of biomaterials

69



QMRS-T
MRSTIC 2021 B BRI REEE 110 FF2

Metallo-elastomers: Design and Biomedical Applications

Widely present in nature and in manufactured goods, elastomers are network polymers typically
crosslinked by strong covalent bonds. Weak-bonds can also be used to crosslink elastomers, but the
product usually exhibit more plastic deformation. Chelation bonds have medium bond strength, but is
underexplored in elastomers. Here | will describe chelation as a mechanism to produce biodegradable
elastomers. | will discuss what we learned in the design process and our initial applications of these
materials. Polycondensation of sebacic acid, 1,3-propanediol and a Schiff-base forms a block copolymer
that binds several biologically relevant metal ions. Chelation offers a unique advantage unseen in
conventional elastomer design because one ligand binds multiple metal ions yielding bonds of different
strengths. Therefore, one polymeric ligand coordinated with different metal ions produces elastomers
with vastly different characteristics. The density of the ligands in the block copolymer further regulates
the mechanical properties. Moreover, a murine model reveals that Fe3+ crosslinked foam displays higher
compatibility with subcutaneous tissues than the widely used biomaterial—polycaprolactone (PCL). The
implantation sites restore to their normal architecture with little fibrosis upon degradation of the implants.
The biodegradable elastomers reported here would enable new materials and new possibilities in

biomedicine and beyond.
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Nov 15 (MON)

AM Sessions

09:00 - 09:40

Prof. Arumugam Manthiram
Sustainable Battery Technologies for Electrical Energy
Storage
Host: Sheng-Heng Chung

09:50 - 10:30

Prof. Edward Yi Chang
Use of HIZrO ferroelectric thin film as gate stack material to
achieve High Vith E-Mode GaN HEMT for EV applications
Host: Prof. Chun-Hsiung Lin

10:40 - 11:20

Prof. Antonio Facchetti
Materials for Flexible and Stretchable Electronics
Host: Cheng-Liang Liu

11:30 - 12:10

Prof. Alex K.Y. Jen
Innovative Printable Solar Cells and Energy Saving
Applications for Transformative Clean Energy and
Sustainable Environment
Host: Prof. Jay Shieh

PM Sessions

12:20 - 13:00

13:10 - 13:50

Prof. Shirley Meng
‘Advanced Methods for Characterizing Lithium Metal and Its
Interphases
Host: Dr. Han-Yi Chen

14:00 - 16:00

"Live Industry Forum (B5G/6G Materials)
E¥RIE (B5G/6G )

# Conducted in Mandarin Chinese W H 33T

1 Selected Keynote Speech
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Plenary Speaker

Professor Arumugam Manthiram

Cockrell Family Regents Chair in Engineering

Director, Texas Materials Institute

Director, Materials Science and Engineering Graduate Program
Department of Mechanical Engineering

The University of Texas at Austin

Biography

Dr. Manthiram graduated from Madurai University, India, with a B.S. degree in 1974 and a M. S. degree in
1976 and from Indian Institute of Technology, Madras, with a Ph.D. degree in Chemistry in 1981. Then, he worked
as a Lecturer at the Madurai Kamaraj University in India for four years and as a postdoctoral fellow for six years with
2019 Chemistry Nobel Laureate John Goodenough both at the University of Oxford in England and at the University
of Texas at Austin (UT Austin), before becoming an Assistant Professor in the Department of Mechanical
Engineering at UT Austin in 1991. He currently holds the Cockrell Family Regents Chair in Engineering. He is also
currently the Director of the Texas Materials Institute and the Materials Science and Engineering Graduate Program.

Dr. Manthiram directs a large, productive research group in electrochemical energy technologies with about
30 graduate students and postdoctoral researchers and about $2 million per year research funding. His current
research focuses on batteries and fuel cells. Specifically, his group is engaged in developing new, low -cost, efficient
materials for batteries and fuel cells, novel chemical synthesis and processing approaches, and a fundamental
understanding of their structure-property-performance relationships. He co-founded three startup companies:
ActaCell in 2007, TexPower in 2019, and Vulcan Alloys in 2019. He has provided research training to 280 people,
including the graduation of 66 Ph.D. and 27 M.S. students. Dr. Manthiram has authored 850 journal articles and 15
awarded patents. He has given ~ 480 presentations including more than 380 invited talks and has edited 8 books.
He has more than 81,000 citations and an h-index of 140. He is a Web of Science Highly Cited Researcher every
year since 2017.

Dr. Manthiram has received several awards: Engineering Foundation Faculty Excellence Award (1994),
Mechanical Engineering Faculty Leadership Award (1996), Mechanical Engineering Outstanding Teaching Award
(2011), University of Texas Outstanding Graduate Teaching Award (one university-wide award per year, 2012),
Battery Division Research Award of the Electrochemical Society (2014), Distinguished Alumnus Award of the Indian
Institute of Technology Madras (2015), Billy and Claude R. Hocott Distinguished Centennial Engineering Research
Award (2016), Da Vinci Award (2018), Honorary Mechanical Engineer of the ME Academy of Distinguished Alumni
Award (2019), Henry B. Linford Award for Distinguished Teaching of the Electrochemical Society (2020),
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International Battery Association Research Award (2020), and Battery Division Technology Award of the
Electrochemical Society (2014). He is an elected Fellow of six societies: American Ceramic Society (2004), World
Academy of Materials and Manufacturing Engineering (2006), Electrochemical Society (2011), American Association
for the Advancement of Science (2015), Royal Society of Chemistry (2015), and Materials Research Society (2016).
He is also an elected academician of the World Academy of Ceramics (2020). He has been honored with various
endowment awards: Charlotte Maer Patton Centennial Fellowship in Engineering (1998), Ashley H. Priddy
Centennial Professorship in Engineering (2002), BF Goodrich Endowed Professorship in Materials Engineering
(2006), Jack S. Josey Professorship in Energy Studies (2008), Joe C. Walter Chair in Engineering (2009), and Cockrell
Family Regents Chair in Engineering (2014). He delivered the 2019 Chemistry Nobel Prize Lecture in Stockholm on

behalf of Professor John Goodenough.

Sustainable Battery Technologies for Electrical Energy Storage

Rapid increase in global energy use and growing environmental concerns have prompted the
development of clean, sustainable, alternative energy technologies. Renewable energy sources like solar
and wind are a promising solution, but electrical energy storage (EES) is critical to efficiently utilize
electricity produced from renewable sources as they are intermittent. EES is also the only viable near-
term option for electrification of transportation sector. Rechargeable batteries are prime candidates for
EES, but their widespread adoption for electric vehicles and grid electricity storage requires optimization
of cost, cycle life, safety, energy density, power density, and environmental impact, all of which are
directly linked to severe materials challenges. After providing a brief account of the current status, this
presentation will focus on the development of sustainable battery chemistries and advanced materials
for near-term and long-term battery technologies. Particularly, lithium- and sodium-based batteries
that are free from expensive and scarcely available cobalt as well as those based on sulfur will be
presented. The challenges of bulk and surface instability and chemical crossover during charge-
discharge cycling, dynamics and stabilization of lithium plating and striping, advanced characterization
methodologies to develop an in-depth understanding, and approaches to overcome the challenges will

be presented.
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Professor Edward Yi Chang

Dean of International College of Semiconductor, Chair
Professor, Department of Materials Science and Department
of Electronics Engineering,

National Yang Ming Chiao Tung University, Hsinchu, Taiwan.
Chairman, Academia Industry Consortium for Science Park in
Hsinchu, Taiwan

Biography

Dr. Edward Yi Chang received the Ph.D. degree from University of Minnesota, Minneapolis, in 1985. He is a
Chief Director of Microelectronics and Information Research Center (MIRC) and Director of TSMC Center, National
Yang Ming Chiao Tung University, Taiwan. He is an IEEE Life Fellow and Japan Society of Applied Physics Fellow
International. Prof. Chang is a Distinguished Visiting Professor, Indian Institute of Technology Bombay and a

Distinguished Lecturer of the IEEE Electron Devices Society.

Use of HfZrO ferroelectric thin film as gate stack material to achieve High Vth E-Mode
GaN HEMT for EV applications

AlGaN/GaN high-electron-mobility transistors (HEMTs) have high saturation velocity, high mobility, and
high current density with high breakdown electric field, which make them promising for next-generation high
power and high frequency device applications. However, AlIGaN/GaN HEMTs always demonstrate normally -on
operation, which is not desirable for Electrical vehicle applications due to safety concerns. To achieve normally -off
operation for GaN HEMT device, several methods have been proposed to achieve high positive threshold voltage.
For example, p-GaN, recessed-gate, and fluorine treated AlGaN technologies have been demonstrated. In this
work, a new charge storage structure with hybrid ferroelectric charge-trapping gate stack is used to realize the
GaN E-mode MIS-HEMT for power switching applications. This gate stack structure combines ferroelectric film with
charge-trapping layer and current blocking film, resulting in a polarization charge field against the applied gate
voltage, and thus achieves a large positive shift of the threshold voltage. As a result, the device has a high Vth,

meanwhile low on Resistance, high Ipsmax, and high breakdown voltage are maintained, perfect for EV applications.
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Professor Antonio Facchetti

Adjunct Professor Of Chemistry, Department Of Chemistry And The
Material Research Center, Northwestern University, Evanston, IL —
USA

Biography

Antonio Facchetti obtained his Laurea degree in Chemistry cum laude and a Ph.D in Chemical Sciences from the
University of Milan. In 2002 he joined Northwestern University where he is currently an Adjunct Professor of
Chemistry. He is a co-founder and currently the Chief Technology Officer of Flexterra Corporation. Dr. Facchetti
has published more than 550 research articles, 14 book chapters, and holds more than 120 patents (h-index 109).
He received the ACS Award for Creative Invention, the Giulio Natta Gold Medal of the Italian Chemical Society, the
team IDTechEx Printed Electronics Europe Award, the corporate Flextech Award. He is a Fellow of the National
Academy of Inventors, European Academy of Sciences, MRS, AAAS, PMSE, Kavli, and RSC. He was selected among
the "TOP 100 MATERIALS SCIENTISTS OF THE PAST DECADE (2000-2010)" and recognized as a Highly Cited
Scientist by Thomson Reuters. Dr. Facchetti's research interests include organic semiconductors and dielectrics for

thin-film transistors, metal oxides, conducting polymers, molecular electronics, batteries, and photovoltaics.

Materials for Flexible and Stretchable Electronics

Organic electronics is a technology enabling the fabrication of mechanically flexible/stretchable electronic
circuits and devices using low-temperature, possibly additive, processing methodologies. In this presentation we
report the development of novel semiconductors, as well as thin-film engineering, for flexible and stretchable
organic and inorganic thin-film transistors and circuits. In particular we show that “ultra-soft” polymers comprising
naphthalenediimide units co-polymerized with “rigid” and “flexible” organic units can change how charge transport
is affected by mechanical stress, demonstrating that polymer backbone composition is more important then film
degree of texturing. Furthermore, molecular design of polymers enables plasticization of small molecule
semiconductor used in thin-film transistors. Finally, we report new “soft” transistor architectures using porosity as
key element enhancing mechanical flexibility and tune charge transport. The resulting devices can better sustain

mechanical stress, sense analytes, intercalate ions, and be chemically doped.
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Professor Alex K.Y. Jen

Lee Shau-Kee Chair Professor of Materials Science
Director of the Hong Kong Institute for Clean Energy, City
University of Hong Kong, Hong Kong SAR

Biography

Alex Jen is the Lee Shau-Kee Chair Professor of Materials Science and Director of the Hong Kong Institute
for Clean Energy at the City University of Hong Kong. He also served as the Provost of CityU during 2016-2020. He
received his B.S. from the National Tsing Hua University in Taiwan and Ph.D. from the University of Pennsylvania in
USA. Before arriving the CityU, he served as the Boeing-Johnson Chair Professor and Department Chair of the
Materials Science & Engineering at the University of Washington, Seattle. He was also appointed as the Chief
Scientist for the Clean Energy Institute endowed by the Washington State Governor. He is a distinguished researcher
with more than 950 publications, 72,000 citations, and an H-index of 137. He has also co-invented 63 patents and
invention disclosures. His interdisciplinary research covers organic/hybrid functional materials and devices for
photonics, energy, sensors, and nanomedicine.

For his pioneering contributions in organic photonics and electronics, Professor Jen was elected as an
Academician by both the European Academy of Sciences and the Washington State Academy of Sciences. In
addition, he was appointed as the World Class University Professor by the Korean Research Foundation, the
Changjiang Chair Professor by the Ministry of Education in China, and the Distinguished Chair Professor by the
National Taiwan University. He is also a Fellow of several professional societies, including AAAS, MRS, ACS, PMSE,
OSA, SPIE. He was named by the Times Higher Education (THE) in 2018 as one of the “Top 10 university researchers
in Perovskite Solar Cell Research”. In addition, he was recognized by Thomson Reuters as one of the "World’s Most
Influential Scientific Minds of 2015 and 2016 and as a "Highly Cited Researcher" in Materials Science from 2014 -
2021.
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Innovative Printable Solar Cells and Energy Saving Applications for Transformative Clean
Energy and Sustainable Environment

Achieving net-zero carbon emission goal by 2050 for sustainable environment is strongly dependent on
targeted R&D and technological innovations that are cleverly designed in critical areas of clean energy. In this talk,
synergies between innovative solar energy-generation and energy-saving applications will be discussed as an
integrated strategy to tackle severe challenges of global energy demands and climate changes to ensure a

sustainable environment.

Organic and perovskite semiconductors are two types of non-conventional semiconductors that have
immense potential for important applications that will have great impact on clean energy and sustainable
environment. For example, they can be used in printable solar cells for scalable solar energy, light -emitting diodes
for displays and lighting, and electro-optics for low energy consumption and ultrafast information processing in
internet and data centers. They possess several distinct advantages such as comparable semiconducting properties
with those of the inorganic counterparts but easier processability, where low-temperature solution processing via
high-throughput printing techniques like spray coating, evaporation, inkjet printing, screen printing, blade coating,
and slot die roll-to-roll (R2R) coating can be used for manufacturing at scale. Their derived devices also offer great
versatility in form factor for realizing flexible, semi-transparent, and color-tunability. These variants are pivotal for
diverse applications for energy, communication, aviation, military, and healthcare. In this talk, current advancements
of these materials and devices will be reviewed to correlate their potential impacts for applications in affordable

clean energy and sustainable environment.
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Nov 16 (TUE)

AM Sessions

Prof. Hiroki Kurata
High spatial resolution electronic state analysis using
monochromated STEM-EELS
Host: Dr. Shen-Chuan Lo

09:00 - 09:40

Prof. Sang-Woo Kim
A New Energy Solution with Triboelectric Nanogenerator for
09:50 - 10:30 , , ,
Powering Body-implantable Electronics
Host: Prof. Jyh-Ming Wu

Prof. Jau-Ho Jean

'Development of RF Front-end Devices for Wireless
10:40 - 11:20 S
Communication

Host: Prof. Tseung-Yuen Tseng

Prof. Chih-Huang Lai
11:30-12:10 Challenges and Outlook of Cu(in, Ga)Se: Thin Film Solar Cells
Host: Prof. Yu-Lun Chueh

PM Sessions

Prof. Ta-Jen Yen
‘Practical Applications of Plasmonic Devices for Optical Imaging
_ _ and Photodetection: Superior Plasmonic-tip Near-field Scanning
12:20 - 13:00 Optical Microscopy and Two Ultrasensitive Photodetectors in
Visible and Ultraviolet Frequencies
Host: Prof. Ying-Hao Eddie Chu

Prof. Sarah Christine Heilshorn

13:10 - 13:50 ‘Bespoke Biomaterials for Regenerative Medicine
Host: Prof. Tzu-Wei Wang

# Live Industry Forum (Steels)

14:00 - 16:00
EXiE (SBEMR)

# Conducted in Mandarin Chinese XA 33&EFT
1 Selected Keynote Speech
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Nov 15 (MON)

& SIE
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14:00 - 14:05 HEM K
ERvA=Y- FN=2 Mﬂﬂ%iﬁiﬂz%%
PRI, BB

7% 1 — Excellence in Academic Progress

Lightweight automotive steel: fundamentals and applications
BEBAREHMIEER B E
HIAM HIR
7Es% 2 — R&D in Automotive Industry

14:05 - 14:25

Development of a new generation press hardening steels

14:25 - 14:45 Site Leader, China Science Lab, General Motors Global Research and
Development

Jeff Wang (£ &%)

7@s% 3 — Raising Issue in Steel Industry
WSEL BRI RKEH 2050 kPR RKE
EBIEARBRFL EREXDIE/FREE
BREE
15:05 - 15:15 Q&A
B ESMER FR
Theme 1: Global Challenge and Taiwan Challenge in Steel Industry

14:45 - 15:05

Theme 2: Juniors in Steel Industry
BYEEASMRRNBRTESR EBE BHR
HESEER N BRASMBARBERE EBH ER
EBIXMRERTUEREXNTMNEFREIE RET

15:55 - 16:00 Closing Summary

15:15 - 15:55
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Professor Hiroki Kurata

Laboratory of Electron Microscopy and Crystal Chemistry
Advanced Research Center for Beam Science

Institute for Chemical Research, Kyoto University

Biography

Professor Hiroki Kurata is currently Pofessor at the Institute for Chemical

Research, Kyoto University. He graduated from Dr. Course of Kyoto University in 1986 and became an Assistant
Professor at the Institute for Chemical Research, Kyoto University. He was promoted Associate Professor in 2002
and Full Professor in 2012. Professor Kurata's research mainly focuses on Electron Energy-Loss Spectroscopy, High
Spatial Resolution Analysis of Transition Metal Oxides and Surface excitations in Nanomaterials. He was awarded

The Japanese Society of Microscopy Award in 2003.

High spatial resolution electronic state analysis using monochromated STEM-EELS

Improving the energy resolution of electron energy-loss spectroscopy (EELS) with a monochromator
incorporated in a scanning transmission electron microscope (STEM) is driving new research in electronic state and
vibrational analyses in local specimen regions with high spatial resolution. In order to maximize the features of high
energy resolution EELS, it is necessary to acquire high quality spectrum imaging (SI) data. In particular, for data
acquisition with high spatial resolution, it is essential to improve the signal-to-noise (S/N) ratio of spectrum at each
scanning position due to the small probe current. Normally, the multi-frame acquisition method is applied for SI
data, but when the signal intensity is very weak, the S/N ratio may not improve even if a large number of spectra
are integrated. One of the reasons is that the dark reference of the detector is not removed accurately.

Recently we developed a new method to remove the dark reference of a charge coupled device (CCD)
accurately [1], enabling the detection of a single signal count. An accurate dark reference for the CCD was obtained
by averaging over 10,000 dark noise spectra. After removing the accurate dark reference from Sl data, the multi -
frame acquisition method was applied for thousands of Sl data. Such high-precision dark reference subtraction is
very effective for measuring Sl data consisting of monochromated EELS with low signal intensity. In this contribution,
we will present recent results on atomic resolution electronic state analysis with core-loss spectra, e.g. hole mapping
of high-Tc superconductor of Laz.SrCuO.:a [2] and electronic structure of FeOs octahedra in the transition metal
oxides [3]. This method is also powerful for measuring low-loss spectra, such as surface plasmons in metal nano-
particles. The surface plasmon coupled with exciton excited in a silver nanorod covered with Cu-phthalocyanine

layer will be also presented in the talk.
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Professor Sang-Woo Kim
Professor, SKKU Fellow, Sungkyunkwan University (SKKU),
Suwon, Korea

Biography

Professor Sang-Woo Kim received his M.S degree in Materials Science & Engineering from Gwangju Institute
of Science and Technology (2000), Korea and his Ph.D degree in Electronic Science & Engineering from Kyoto
University, Japan (2004). In 2005, he received an offer to become an assistant professor in the Kumoh National
Institute of Technology. And in 2009, he moved to current work place, Sungkyunkwan University, as an assistant
professor and now he is serving as the full professor from 2017. And in 2019, he received the SKKU -Fellowship
(SKKU Distinguished Professor). He is currently serving as an an associate editor of Nano Energy (Elsevier, 2018 JCR
Impact factor: 15.548), an executive advisory board in Advanced Electronic Materials (Wiley, 2018 JCR Impact factor:
6.312), and Associate Editor of Current Applied Physics (Elsevier, 2018 JCR Impact Factor: 2.010). At the same time,
he is a director of SAMSUNG-SKKU Graphene 2D Research Center and National Research Lab for Next Generation
Hybrid Energy Harvesters. His main research interest is focused on nanogenerators based on piezoelectric,
triboelectric and coupling effect of piezo/triboelectric for energy harvesting. Also, he is interested in synthesis of
2D nanomaterials such as graphene, h-BN and TMD (Transition Metal Dichalcogenides) for their novel flexible
device applications and tribotronics. Recently, he investigates not only the principles of triboelectric phenomenon,
but also biomaterials and biomedical application such as implantable triboelectric nanogenerator. He has published
over 250 papers, which have cited more than 14,000 times (h-index of 67) and delivered over 100

international/national plenary, keynote, and invited talks, and holds over 90 domestic/international patents.
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A New Energy Solution with Triboelectric Nanogenerator for Powering Body-implantable
Electronics

In this presentation, | firstly introduce the fundamentals and possible device applications of TENGs, including
their basic operation modes. Then the different improvement parameters will be discussed. As main topics, | will
report transcutaneous ultrasound energy harvesting using triboelectric technology. Implantable medical devices
(IMDs) are designed to perform or augment the functions of existing organs by using monitoring, measuring,
processing units, and

the actuation control. Conventional IMDs are powered with primary batteries that require frequent surgeries
for maintenance and replacement. Therefore, IMDs require a new reliable and safe powering system to avoid the
need for frequent surgeries. Recently my group demonstrated that ultrasound was used to deliver mechanical
energy through skin and liquids and demonstrated that a thin inplantable vibrating triboelectric nanogenerator
(TENG) is able to effectively harvest it. Ultrasound TENG (US-TENG) was triggered with an applied 20-kHz
ultrasound at 3 W/cm2 reaching 9.71 V(root mean square [RMS]) and 427  ARMS. The measured output current
was enhanced two orders of magnitude compared with conventional TENGs, with a similar level of surface charge
density, triggered in low-frequency mechanical environments. Interestingly, to experimentally simulate clinical
conditions closer to human in the laboratory, we inserted US-TENG under porcine tissue, showing that it fully
charged a rechargeable Li-ion battery having a capacity of 0.7 mAh. As the second topic, | will deal with our very
recent demonstration of a commercial coin battery-sized high-performance inertia-driven TENG (I-TENG) based
on body motion and gravity. In a preclinical test, we demonstrate that the encapsulated device successfully
harvested energy using real-time output voltage data monitored via a Bluetooth low-energy information-

transmitting system. Details will be presented in the conference site.

83



9 MRS-T
MRSTIC 2021 HEMAIREES 110 FFE

Plenary Speaker

Professor Chih-Huang Lai

Chair Professor and Dean of College of Engineering,
Department of Materials Science and Engineering,
National Tsing Hua University, Hsinchu, Taiwan

Biography

Professor Chih-Huang Lai received his Ph.D. degree in materials science and engineering at Stanford University in
1997. After one year working experience in Silicon Valley, He returned to National Tsing Hua University (NTHU) in
1998 as an assistant professor. His research mainly focuses on novel materials for information storage and
renewable energy, especially on magnetic memory, magnetic storage and thin film solar cells. He has published
more than 220 SCI papers and 50 patents. Prof. Lai's research does not only make significant breakthrough on
fundamental understanding but result in substantial impacts on applications. Due to good collaborations with
industry, his core technology has been transferred to strengthen technical capabilities of industry. Therefore, he
has received many prestigious awards, including Asian Union of Magnetics Societies Award, IEEE fellow and MRS -

T fellow. Prof. Lai is the Dean of College of Engineering, NTHU and Tsing Hua Chair professor.
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Challenges and Outlook of Cu(In, Ga)Se2 Thin Film Solar Cells

Silicon-based modules are dominating the photovoltaic (PV) market nowadays due to their material
abundance and mature technology. On the other hand, thin-film PV devices may offer varieties of applications, for
example, building-integrated photovoltaics (BIPV). The chalcopyrite-based Cu(In,Ga)Se: (CIGS) thin film has been
demonstrated as a high efficient absorber. Recently, the highest CIGS efficiency of 23.35% was demonstrated by
using sequential process of sulfurization after selenization (SAS). However, this two-step sequential process requires
time- and energy-consuming steps as well as the usage of toxic H2Se (H2S). To relieve these issues, my group first
proposed the one-step sputtering process, in which CIGS absorbers were directly deposited from a quaternary
target without post-selenization. We have demonstrated this is an effective approach due to its simplicity for large -
scale mass production, easy composition control and excellent film uniformity. One of the major challenges for the
one-step sputtering process is the Se-deficiency in CIGS films because the process is carried out without excess Se
supply. We reveal that the efficiency of one-step sputtered Se-deficient CIGS films can achieve 14.1% without post-
selenization by introducing extra Na and K, which reduce the amounts of VSe by forming OSe due to the strong
affinity of Na (K) and O. We also take advantages of the unique columnar structure in one-step sputtered CIGS to
control the CIGS preferred orientation so that we can further tune the Na content in the CIGS film. To further
enhance the efficiency, the band engineering is performed by co-sputtering CIGS target with a CuGaSe: (or InzSs)
target to form Ga- or S-gradient. The efficiency of 15.63% without post-selenization is achieved on stainless steel
substrates, the highest efficiency reported so far by using one-step sputtering on flexible substrates. In this talk, |
will give the overview of one-step fabricated CIGS solar cells, and also discuss the challenges and outlook of CIGS

solar cells.
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Nov 17 (WED)

AM Sessions

09:00 - 09:40

Prof. Jens Birch
In situ and Operando High Energy X-ray Scattering Studies
of Thin Films. Growth and Use
Host: Prof. Jinn Chu

09:50 - 10:30

Prof. Tadatomo Suga
Surface Activation for Room-temperature Bonding for 3D
and Heterogenous Integration
Host: Prof. Jenn-Ming Song

10:40 - 11:20

Prof. Xiangfeng Duan
2D Transistors: Promises, Progresses and Prospects
Host: Prof. Chih-Yen Chen

11:30 - 12:10

Prof. Jackie Y. Ying
Nanomaterials and Nanosystems for Catalytic, Energy and
Biomedical Applications
Host: Prof. Tzu-Wei Wang

12:20 - 13:00

Closing

86




0 MRS-T
MRSTIC 2021 BRI RZBEE 110 FH4E

Plenary Speaker

Professor Jens Birch
Professor and Head of Thin Film Physics Division, |FM,
Link&ping University

Biography

Prof. Jens Birch is a professor in Materials Science and obtained his PhD at Linkdping University in
1994. His research focuses at understanding the physics and materials science behind creation of new artificial
0D, 1D, and 2D nanostructures as well as multilayers in the size-range 0.2-50 nm, typically with new unique
physical properties. The materials range from amorphous metals to Group-Ill Nitride semiconductors, with
diverse applications such as X-ray and neutron optics, piezoelectric devices, optoelectronics, and neutron
detectors. For example, our research, in collaboration with the European Spallation Source (ESS), has recently
enabled novel thin film 10B-based neutron detector technology.

Birch is an expert in advanced PVD synthesis. He is active in the development of scattering techniques
for thin films at the large scale infrastructures Swedish High-Energy Materials Science beamline SMS (P21) at
the PETRA Ill synchrotron in Hamburg and the Swedish neutron reflectometer Super ADAM at ILL, Grenoble.
He is chair of Centre for X-rays in Swedish Materials Science, member of the University Reference Group (URG)
for MAX IV.

Present research projects include; ultra-high M-value neutron supermirrors; conformal 10B-based
coatings for um-resolution solid state neutron detectors; magnetic reference layers for maximal information
content in neutron reflectometry; Magnetron Sputter Epitaxy for low T growth of Group Ill-Nitride materials

and nanostructures, hard and transparent protective MeSiON glass coatings.
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In situ and Operando High Energy X-ray Scattering Studies of Thin Films:
Growth and Use.

Materials science beamlines at 6-8 GeV synchrotron storage rings utilize several unique features high flux
(>10712 ph/s) high-energy (HE) (>50 keV) X-rays enabling time-resolved studies of processes in materials sci-
ence. It is shown how the unique properties of HE synchrotron X-radiation relaxes several constraints on the design
of state-of-the-art instrumentation which, in turn, make possible microscopic time-resolved /n situ and operando
structural studies in the bulk as well as the surface layers of materials.

Time-resolved /n situ studies of thin film formation processes through the use of HE X-ray diffraction (XRD)
are demonstrated Our UHV-based magnetron sputter and cathodic arc deposition system, purposefully designed
for time-resolved /n s/itu thin film deposition studies using HE XRD. Examples of /n situ XRD will be given for a wide
range of applications, from wide band-gap semiconductor epitaxy to high rate depositions of hard wear -resistant
coatings. For example /n situ time-resolved studies of nucleation and epitaxial growth of InAIN nano rods, phase
evolution during reactive magnetron sputter deposition of ZruwAlawN/AIN multilayer coatings and /n situ phase
stability of TiAIN tool coatings during cathodic arc deposition.

HE X-rays are likewise suited for operando studies, which is demonstrated by our custom built lathe,
specifically designed for operando x-ray scattering studies of the tool-chip and tool-workpiece contact zones
during metal cutting using coated tools. The lathe operates at industrially relevant cutting parameters, i.e., at cutting
speeds < 400 m/min and feeds =< 0.3 mm/rev inducing tool temperatures >900 °C and pressures in the range of
GPa. Operando turning experiments in carbon steel, performed at the high-energy material science beamline P07
at Petra lll, DESY, Hamburg, we demonstrate compressive strains in TINbAIN and Al:Os/Ti(C, N) coatings on the tool
flank face during high speed dry machining of carbon steel. Using a focused X-ray beam, the biaxial strain state of
TiNbAIN coatings can be characterized with a spatial resolution of ~10 um. Observation of secondary effects, such
as a higher temperature in the tool-chip contact zone when using a worn tool as compared to a new tool, are also

demonstrated.
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Professor Tadatomo Suga joined the Max-Planck Institut fur Metallforschung in 1979, obtained his Ph.D. degree

Biography

in materials science from University of Stuttgart in 1983. Since 1984 he has been a faculty member of the University
of Tokyo, and has been a professor in the Department of Precision Engineering of the School of Engineering since
1993. He has been also the Chair of IEEE CPMT Society Japan Chapter, and the President of the Japan Institute for
Electronic Packaging, as well as the Chair of JSPS University-Industry Cooperative Research Committee for
Innovative Interface Bonding Technology. His research focuses on microelectronics and microsystems packaging,
and development of key technologies related to low temperature bonding and interconnects. In the Marich of 2019,
he retired from the University of Tokyo, being Professor Emeritus, and joined Meisei University to continue his

research work.

Surface Activation for Room-temperature Bonding for 3D and Heterogenous Integration

The surface activated bonding (SAB) has been developed as a potential method for heterogeneous bonding
at room temperature, attracting increasing interest due to its simple process flow, no need for additional
intermediate materials for bonding, and compatibility with CMOS technology. The standard SAB method is based
on surface bombardment by Ar beam in ultra-high vacuum to clean the surfaces so that they can be bonded very
strongly at room temperature without heat treatment. The standard SAB, however, failed to bond some dielectric
materials, such as glass and silicon oxide. A modified SAB was developed to solve this problem, by using an
intermediate layer of Si, metals, or even metal oxide deposited on the activated surfaces. This modified SAB is now
applied to bond not only SiO. glasses but also polymer films such as PEN and Polyimide, as well as WBG
semiconductor wafers to diamond substrate with a wide perspective of the applicability on 3D and heterogeneous

integration of various semiconductor, photonic and micro-systems.

89



e MRS-T
MRSTIC 2021 BRI RZBEE 110 FH4E

Plenary Speaker

Professor Xiangfeng Duan

Professor, Department of Chemistry and Biochemistry,
California Nanosystems Institute, University of California, Los
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Howard Reiss Career Development Chair, Chemistry and
Biochemistry

Biography

Dr. Duan received his B.S. Degree from University of Science and Technology of China in 1997, and Ph.D.
degree from Harvard University in 2002. He was a Founding Scientist and then Manager of Advanced Technology
at Nanosys Inc., a nanotechnology startup founded based partly on his doctoral research. Dr. Duan joined UCLA
with a Howard Reiss Career Development Chair in 2008, and was promoted to Associate Professor in 2012 and Full
Professor in 2013. Dr. Duan’s research interest includes nanoscale materials, devices and their applications in future
electronic and energy technologies. Dr. Duan has published over 300 papers with over 70,000 citations, and holds
over 50 US patents. Dr. Duan has received many awards for his pioneering research in nanoscale science and
technology, including MIT Technology Review Top-100 Innovator Award, Alpha Chi Sigma Glen T. Seaborg Award,
Herbert Newby McCoy Research Award, US Presidential Early Career Award for Scientists and Engineers, Human
Frontier Science Program Young Investigator Award, Dupont Young Professor, Journal of Materials Chemistry
Lectureship, International Union of Materials Research Society and Singapore Materials Research Society Young
Researcher Award, the Royal Society of Chemistry Beilby Medal and Prize, the Nano Korea Award, International
Society of Electrochemistry Zhao-Wu Tian Prize for Energy Electrochemistry, Science China Materials Innovation
Award, America Institute of Physics Horizons Lectureship and most recently Materials Research Society Middle
Career Award. He is currently an elected Fellow of Royal Society of Chemistry and Fellow of American Association

for the Advancement of Science.
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2D Transistors: Promises, Progresses and Prospects

Two-dimensional (2D) semiconductors have attracted tremendous interest as an atomically thin channel for
the continued transistor scaling. However, despite many proof-of-concept demonstrations, the full potential of 2D
transistors remains elusive. To this end, the fundamental merits and technological limits of 2D transistors need a
critical assessment, reality check and objective projection. In this talk, | will briefly review the promises and the
current status of 2D transistors, and highlight the widely used device parameters (e.g., carrier mobility, contact
resistance) could be frequently misestimated or misinterpreted, and may not be the most reliable performance
metrics for benchmarking 2D transistors. We suggest the saturation or on-state current density, especially in the
short channel limit, could provide a more reliable measure for assessing the potential of diverse 2D semiconductors,
and should be applied for cross-checking different studies, especially when milestone performance metrics are
claimed. We next summarize the key technical challenges in optimizing the channel, contacts, dielectric and
substrate interfaces and outline the potential pathways to push the limit of 2D transistors; and lastly conclude with
a prospect on the critical technical targets, the key technological hurdles to enable the lab-to-fab transition, and

the potential opportunities arising in these atomically thin semiconductors.
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Executive Director, Institute of Bioengineering and
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Biography

Professor Jackie Y. Ying received her BE and PhD from the Cooper Union and Princeton University,
respectively. She joined the MIT faculty in 1992, where she was a professor of chemical engineering until 2005. She
has served as the founding executive director of the Institute of Bioengineering and Nanotechnology in Singapore
since 2003. For her research on nanostructured materials, she has been recognized with the American Ceramic
Society Ross C. Purdy Award, David and Lucile Packard Fellowship, Office of Naval Research Young Investigator
Award, NSF Young Investigator Award, Camille Dreyfus Teacher-Scholar Award, American Chemical Society Faculty
Fellowship Award in Solid-State Chemistry, Technology Review's Inaugural TR100 Young Innovator Award,
American Institute of Chemical Engineers (AIChE) Allan P. Colburn Award, Singapore National Institute of
Chemistry—BASF Award in Materials Chemistry, Wall Street Journal Asia’s Asian Innovation Silver Award,
International Union of Biochemistry and Molecular Biology Jubilee Medal, Materials Research Society Fellowship,
Royal Society of Chemistry Fellowship, American Institute for Medical and Biological Engineering Fellowship, and
Crown Prince Grand Prize in the Brunei Creative, Innovative Product and Technological Advancement (CIPTA)
Award. Professor Ying was elected a World Economic Forum Young Global Leader and a member of the German
National Academy of Sciences, Leopoldina. She was named one of the One Hundred Engineers of the Modern Era
by AIChE in its Centennial Celebration. She was selected by The Muslim 500 in 2012, 2013, and 2014 as one of the
world’s 500 most influential Muslims, and an inaugural inductee to the Singapore Women’s Hall of Fame in 2014.

She is the editor in chief of Nano Today, which has an impact factor of 15.000.
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Nanomaterials and Nanosystems for Catalytic, Energy and Biomedical Applications

Nanostructured materials can be designed with sophisticated features to fulfill the complex requirements of
advanced material applications. This talk describes the synthesis of metallic, metal oxide and semiconducting
nanocrystals of controlled size, morphology and architecture. The nanocrystalline building blocks are used to create
multifunctional systems with excellent dispersion and unique properties. Nanoporous materials of metal oxide and
organic backbone have also been synthesized with high surface areas and well-defined porosities. The
nanostructured materials are successfully tailored towards catalysis and pharmaceuticals synthesis, as well as fuel
cells and batteries. Our laboratory has also designed organic and inorganic nanoparticles and nanocomposites
for advanced drug delivery, antimicrobial, antifouling, stem cell culture, tissue engineering, and biosensing
applications. In addition, we have fabricated nanofluidic systems for drug screening, in vitro toxicology, clinical
sample preparation, and diagnostic applications. The nanosystems allow for the rapid and automated processing
of drug candidates and clinical samples in tiny volumes, greatly facilitating drug testing, genotyping assays,

infectious disease detection, point-of-care monitoring, as well as cancer diagnosis and prognosis
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Call for Paper: Special Issue of 2021 MRSTIC

The Materials Research Society—Taiwan (MRS-T) will publish a special issue inMaterials Chemistry and Physics

(SCI, Impact Factor: 4.094) that includes full original papers submitted to and presented at 2021 MRSTIC, focusing
on one of the main topics of the conference—Polymers for Energy, (Opto-)electronics, Health, and Related

Applications.

A rigorous peer review system will be employed and all submitted manuscripts for the special issue will undergo a

peer-review process before publication.

Expected number of full articles in the special issue: 40-50
Submission via Elsevier portal as follows under the title "Functional Polymer-MRSTIC".Materials Chemistry and

Physics Editorial Manager:
https://www.editorialmanager.com/matchemphys/default.aspx
Submission & Peer Review Timeline:

Final submission deadline:December 31, 2021

Period of peer-review process: 2-3 months

Completionof special issueby:June 2022
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Tung Ho Accredited Steel
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TUNG HO STEEL www.tunghosteel.com
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