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AR =HUA(EASE D EfUZAMA MEX|) (10:35~11:50) ZFEl OfsHAd(Tm={cH)
SA-1  EtAZED} DHEfZLI RAD: EfYE SHC=
10:35  AxRpAl
AlRtHatm AlATE S
SA—-2 Efficient, stable silicon tandem cells enabled by anion—engineered wide—bandgap perovskites
1:00  Byungha Shin
Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology
SA-3 128 A2|2 EYTX| 7|= L S
125 sslo Znim M2 HZFE Ok, AINE, olys| HE
SEOUX7 EH+H
X =FYZA(EASE D EfFEAY AZX|H)I (13:00~13:50) R EFA|(Al2th)
SA-4  EIASZEAIE 9I8 EHYE 7= Y S ¥ MY
13:00 Qs
st=oHR|7 & A
SA-5 Alchemist project “Development of silicon based super solar cells”
13:25  Hae—Seok Lee

Graduate School of Energy and Environment (KU-KIST Green School), Department of Integrative Energy Engineering,
Korea University



AEXH ZFLACP S YF0|57| of0|E2|EARC] it I FIt AEX|Y) (13:00~15:40) EHE: 0|M3|(FECH)
e 7|&=S 0|28t Li-/0|32 Bimodal StructureES 71!
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13:25
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13:50
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14:25

SB-5
14:50

SB—6
15:15

Exploring the deformation behavior and microstructure of Al based materials
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e e
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Effect of boron nitride nano sheet (BNNS) on grain growth behavior of aluminum matrix composites

P S

SrEMESTHE

Clusters and their strengthening of Al-Zn—Mg—Cu alloy during natural aging
O&E, YRZ, olyst
StE2RHE T2
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MOCVD pulsed—mode growth of Ill-nitride nanorod arrays for optoelectronic applications

MR IEE

Mixed dimensional heterostructures for semiconductor light emitting diode display applications,
HAHL
St |sd

Diamond Material for Electronic and Quantum Device Applications
ues

staAlely|atistm

r
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Universal and scalable route to fabricate GaN nanowire—based LED on glass substrate by MOCVD

BARE Muhammad Ali Johar, &3 Aadil Waseem, =25
E'E.*EH%*I'L, "KAIST

Effective Assembly and Thermal Management of Flexible/Stretchable Micro LEDs
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XY ZZZAKMICH ol X Mt 2 K& ARH/AXE AEZX|) (09:30~11:45) P AS(TETH)
SD—1  Selective electrochemical NO—to—NH,OH conversion catalyzed by isolated Fe catalyst
09:30  x|=ts
GIST
SD—2  Ultra—thin Ni—Fe layered double hydroxide nanosheet: unraveling hidden factors of oxygen evolution reaction
09:55 via in—situ/operando spectroscopies
Q&AM
SHRIIEL 2R
SD—-3 Manipulating dynamic surface transformation of electrocatalysts for superior water oxidation
10:20  Jian Wang, Se—Jun Kim', Hyungjun Kim', Jongwoo Lim
Department of Chemistry,College of Science, Seoul National University, Seoul, 08826, Republic of Korea.;
Department of Chemistry, Korea Advanced Instituteof Science and Technology, Daejeon, 34141, Republicof Korea
SD—4  Converting Carbon Dioxide at the Electrochemical Interfaces
10:55 oAk
2oithstm S8R
SD-5  C—NasVi gsFeo.04(POs)s/Fes:P Nanoclusters As Cathode Materials for High—Pwoer Sodium—lon Batteries
1120 gt Zixp=2
Hftistn
XY ZFZAKMICH ol 4X] Met & K& ARH/AXE AZXDI (13:00~14:40) ZFER AS(THLTH)
SD—6  LithiumChelating Resins Functionalized with Oligoethylene Glycols toward Lithium-lon Battery Recycling
13:00 x|
EECED DR IAZEE
SD—7  Metal-Organic Hybrid Materials for Electrochemical CO, Reduction
13:25 S
Chr S atel & e
SD—8 A Study of Electrochemical Epoxidation
13:50  zxizAM
st
SD—-9 Direct growth of protective layer Li2Se on lithium metal anode for all solid—state batteries
1415 disiz
Zistw
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SE—2  Crystal structure prediction using machine learning potentials
13125 siaeo

SE-3 Computational Screening of Argyrodite—based Solid State Superionic Conductors
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AMEX|Y ZHAAOHXIE 7|sM 2 EY AEX|2-Special Symposium on ZEE AIEHGHKAIST)
Functional Materials for Energy Applications) (09:30~12:05)

SG—1 Strategies Towards the Synthesis of Wafer Scale Single Crystal—line 2D materials—From Theoretical Prediction to
09:30 Experimental Realization

Feng DING
Institute for Basic Science & Ulsan National Institute of Science and Technology

SG—-2 Ultrasonic—Plasma Engineering toward Facile Synthesis of Atomic Metal—doped Carbon as Bi—functional Oxygen
09:55 Electrocatalyst for Rechargeable Metal—air battery
Oi Lun (Helena) LI

S plcfstm

SG-3 Water—stable perovskites with high fluorescence quantum yield from a methylammonium lead bromide/formate
10:20  mixture in water

Bright Walker

Department of Chemistry, Kyung Hee University
SG—4  Characterizing ultrathin oxidic films on metals: Role of high—level theory and high—resolution experiments
10:50  Aloysius Soon

SMICstn TS St

SG-5 Reducing Time to Material's Discovery: M3I3
11:15 SAH

HEREIET

SG-6 Theoretical approaches to developing stable and efficient lead—free halide perovskites

1:40 =703
Stattiatm AAKHZ ST}
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27207154 L MAXY 8=87|8 E2712) (09:30~11:45) ZHE: O|&7|(FHALCH)
SH—1  Toward Scalable Production of Single Crystal Graphene
09:30  o|xps
Ol=CHel AARHZ S}
SH-2  Performance Enhancement of Carbon/Cu Composites for Lightweight Electrical Cables
09:55 Azt
st=Etet7 et
SH—-3  Solution—Processable Double—Walled Carbon Nanotube Transparent Electrode for Perovskite Solar Cells
10220 || Jeon
Department of Chemistry Education Pusan National University
SH—4  Transmission Electron Microscopy on Magnetic Materials: Magnetic Skyrmion
10:55  ZIgjs
e istn
SH-5 Fiber—Shaped Organic Ferroelectric Memories Based on Nanograined P(VDF-TrFE) Films
11:20  zoix
sttt e
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LI=3t5t/HI0|2 M2 | (09:10~10:25) ) ZdEM(TSCH)
B-1 Demineralized bone matrix and Tri—Calcium Phosphate loaded DBM hydrogel for bone regeneration

09:10  Hoe—Jin Kang, Seong—Su Park’, Byong-Taek Lee”
Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; *Department
of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea; "Department of
Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan,
South Korea

B-2 Hemostatic activity of thrombin loaded plant derived oxidized nanocellulose—gelatin based scaffolds

09:25  Md Sowaib Ibne Mahbub, Byong—Taek Lee’
Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151, Republic of
Korea; *Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151,
Republic of Korea;lnstitute of Tissue Regeneration, Soonchunhyang University, Cheonan—31151, Republic of Korea

B—3 Injectable and moldable irisin loaded bioglass alginate system for bone regeneration

09:40  Magsood Ali, Byong-Taek Lee’
Department of Regenerative Medicine, College of Medicine, SoonChunHyang University SoonChunHyang University
3661, Ssangyoung—dong, Cheonan—City, ChungCheongNam—Do, 31151, Korea; *Department of Regenerative Medicine,
College of Medicine, Soonchunhyang University, Cheonan—31151, Republic of Korea; Institute of Tissue Regeneration,
Soonchunhyang University, Cheonan—31151, Republic of Korea

B—4  Cellulose Nano Crystal Reinforced Ca/P Based Injectable Bone Substitute with Enhanced Biocompatibility
09:55  Garima Tripathi, Byong-Taek Lee’
Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; *Department
of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan,
South Korea

B-5 In—vitro and in—vivo characterization of Ca—Sr—P/PLA—-HAp coated Mg—Zn alloy for the orthopedic bone fixation.
10110 seongsu Park, Byong—Taek Lee’
Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
*Department of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang
University, Cheonan, South Korea

Lb/etat XHZ | (14:00~14:45) XL 0|=2(EAH)
G—1 Superhydrophobic and antireflective characteristics of Plasma—Polymerized—Fluorocarbon (PPFC) thin film
14:00 coated on a nanostructured polymer film

z20|, gEy, ojyEl”

stRsisioiney/slottstm sttstm: a2y

G2 M HSo| JIASIE S35t ZE0] BHE 0 HAH MshE lo| HM|Sts M A
1415 xois n=g orEzl
M3 |Sthatm
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FXI/EHEA| XHZE | (09:10~09:55) ZhEl FoiE(I5HH)
A—1 Stable dielectric properties at high temperature of BaTiOs—(Bios,Naos)TiO3 ceramics synthesized by hydrothermal
09:10  synthesis.
SEH, d*F, 2otE, M=
staslErstm AlAKgstnt
A-2 Enhancing Electrical Properties of Pb(Zr,Ti)O; Film Containing Glass Frit by Aerosol Deposition
09:25  samjeong Kim, Dae—Yong Jeong, Seongyub Ji, minkyu Kim, Seungwook Kim
olstcstm
A-3  Effect of LiF on Microwave Dielectric Properties of B-CaSiO; Ceramics
09:40  Jin Seok Baek, Eung Soo Kim
Department of Materials Engineering, Kyonggi University, Suwon, 16227, Korea
(FIXK/EHER| K2 1) ZRZAA (09:55~10:20) ZHE FoE(I5HH)
-1 X7} DEHEY AStE WE AR M2 Adn GHE £
09:55  otMe LAZ HiAEF, HIX =, s, Afoioh, RS, HET, ErE
SHEMESATHE 7ISMZH AT 74'—*EH%+I'L (B SNESN r sty
MXI/HEH| XHE 1| (10:35~11:35) R QFAE(KIMS)
A-4  High dielectric and breakdown performances achieved in MXene@PDA@Pd NPs/PVDF nanocomposites by Coulomb—
10:35 Blockade Effect
XM, Zaig, 2Ms, 288, Uxis, Huig
olsirhstm
A-5 [t 24 AIZH0IMS 0|88 ME HIZ2|Q| TX| AZE AlOIZ SHM
10:50 X‘lEEﬁ, Sagar Khot, —EI%_C')_
0|yt
A—6  Thermal atomic layer deposition of Molybdenum trioxide using metal organic precursor and H20 reactant
1105 oMz AoHA|, ZS, L5, old, My
stoschstm
(FXYEE=A]| RHZ 1) ZHZAHA (11:20~11:45) ZpEE OFM(KIMS)
-2 2D Single—Crystalline Metallic Nanosheets: Synthesis, Dimension control and Applications
1:20  Ho Kwang Choi, Sukang Bae’, Sang Hyun Lee”, Seoung—Ki Lee”", Tae—Wook Kim

Department of Flexible and Printable Electronics, Jeonbuk National University, 567 Beakje—daero, Deokjin—gu,
Jeonju, Jeollabuk—do, 54896, Republic of Korea; “Institute of Advanced Composite Materials, Korea Institute of
Science and Technology, Jeollabuk—do, 55324, Republic of Korea; “School of Chemical Engineering, Chonnam
National University, 77 Yongbong—ro, Buk—gu, Gwangju 61186, Republic of Korea; "School of Materials Science
and Engineering, Pusan National University, 2, Busandaehak—ro—63—beon—gil, Geumjeong—gu, Busan 46241,
Republic of Korea
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olliX| RHZ | (09:10~10:10)

vl

FAE AIHSHKAIST)

C-1  LaYOs 2ZZF7i0| &Y U ST 0jxl= S
0910 282 o|F=, SHMFE I8
SITRURIZ ST RMICHHHZ T [SIHLE, GIMICHSIm AARHZ Sl "GIMICHSim AAHZ Sl ~ St= iRz iz e
C—2  Improved Triboelectric Nanogenerator Performance of Patterned Membranes Fabricated by Phase—Inversion Process
09:25  Geon—Ju Choi, Sang—Hyun Sohn, li-kyu Park
AlEatet7|Etistin
C—-3  Colloidal Ni,P Nanocrystals Encapsulated in Heteroatom—Doped Graphene Nanosheets: A Synergy of 0D@2D
09:40 Heterostructure Towards Overall Water Splitting
Umesh Suryawanshi, Kim Jin Hyeok
Chonnam National University
C-4  Asia| uiat 7|gh ZHIZ 0 SAMM U EX T}
09:55  dixgs 2357 olQlsf
DChEtm MARHZESE TaciEtm AlAKGEEHE
Ol4X| XHZ Il (10:35~11:35) ZHE SITHE(THTH)
C-5 Boron Doped Polysilicon Using Spin—on Process for Passivated Emitter
10:35  Zzia z7l uSy, ASH, 4o, oA, 25
TRhEt AIARHESHE KU-KIST JR2IAZ sk, “Tedthstn AARHESHE
C-6 Ensemble Design of Electrode —Electrolyte Interfaces: Toward High—Performance Thin—Film All-Solid—State Li—
10:50 Metal Batteries
AP, AEH, x45", ZUST, Uz
SAtisim HOAMEES, "SHsn MAMSSR; RIS S AARESm
C—=7  NASICON-type LAGP Ceramics with CVD grown 2D MoS2 Interlayer for All-solid—state Lithium Metal Batteries
1106 wazl Zsq oS, U=z
KAIST
C-8  ZIS0I2 HIEI2IZ TAS Ofis AXZ HHHIHIOIE LE=TE MZH W SM42Y
11:20

Ashok Kumar Kakarla, D, Narsimulu, R, Shanthappa, SXH$
Byt
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X M= | (09:10~10:10) XIEE X[ZA=Z2(KITECH)
D—1 Microstructural Analysis on the Electrochemical Behavior of as—cast and T4 heat—treated AISi1OMnMg alloy
09:10 opda| Olo;q*

ST SHAAKISEESIL SRS SIQAANIS BRI} (HUCIBAISSEHE)

D-2  9folof 02 30 HE B NAB(LIZ-YR0|S-HEX) HIS 0IgH Z2Wa HES U BH Hms o7
09:25 xaR UXE M=
SRAATSOITE SAEY HENHENIE

D-3 Influence of Bifilm on the Mechanical Property of A356 alloy with the addition of Scrap
09:40  zZoig| o|=¢, dixs], oA’
§E3H°FEH°*II'. 17IIPXH4-C—>.*F-P (M=SHZ, HUISXSERTS), SrEsHYetn sHYMAIESEZ ST M EZ S

D-4  Deep Learning—based Grain Boundary Contrast Enhancement
09:55  Lpxel 0|2E, 7|A1|—‘-*
=atZuhsta; SRR AT

IR MZ I (10:35~11:50) ZFEE ZIMIE(KATECH)
D-5  The combined effects of nickel coating and heat treatment on interfacial microstructure of aluminum—iron (Al/Fe)
10:35  hybrid structures

2212, 012

Sr=siYTsty SHYLAMEEISS (RIS, sHYUSKISSETS), r=shitieiu sitlAxgesstat

D-6  gx2lof o2 MEMZE FeCrv &3] DMTZE 75 U 7|AX EA
10:50 0|y, etMEt MolM Zols| gis] 27|15 ol2d
StasUCisim AAKSEIEE I (MREEHE, HUQIBXISSETE)

D-7 Influence of Si atom on residual stress, lattice strain, and coefficient of thermal expansion (CTE) of Al-12Si alloy
11:05 produced by selective laser melting (SLM)
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D-8 Hydrothermal Synthesis of La3+-doped BaTiOs; and Investigation of Incorporation Behavior after Heat Treatment
1120 oMxt 0|88 Z=Z

KAIST
D—-9  Solution—processed metal—oxide dielectrics doped with metal—ion for wearable temperature sensors
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Li/etat XHZ 11 (09:10~10:10) e S e )
G—4  The study of the GaN micro—rod selective area growth morphology depends on the buffer layer by MOCVD
0910  olnlx HoN MY, A4S L53, #HsH

= lui=imi
G-5 £ MEE OIX2 MoS)/AgS OISRES S5t BH7|saS B4
09:25  pMa M=t ZIoJEl
Ststn Zofhst AARfES T}
G—6  Atomically tunable photo—assisted electrochemical oxidation process design for the decoration of ultimate—thin

09:40 CuO on Cu,0 photocathodes and their enhanced photoelectrochemical performances

S, AXIZ, olsted, M, 2gel, 2

AEistn AARNE S
G-7  LEQIHIEE 0|23t Cu(ln,Ga)Se2 stetE HiTx|| Biato| mu|HS 24
09:55 At Sty Zoz, o=

2AtHStD

LHe/8tah RHE 111 (10:35~11:35) ZIE: OJAZI(KRICT)
G—8  High—k gate dielectric properties from hydrocarbon film grown by inductively coupled plasma chemical vapor
10:35 deposition

Viet Dongquoc, Dong—Bum Seo, Tran Nam Trung, Eui—Tae Kim
Department of Materials Science and Engineering, Chungnam National University, Republic of Korea
G-9  Plasma Polymer-Metal CHS T3] 8}, H7|x §4 17 Y B 59 5|5 28
10:50  Zisml, ZAS, BiBizEl, oAzl
sisfsioinel
G—-10  Vertical growth and efficient photoelectrochemical water splitting of SnS, nanosheets on graphene
11:05 M= ZIoJEy
Sistu MAaxigstat
G—11  Antireflective and hydrophobic plasma—polymerized fluorocarbon thin film with low-refractive index for high
11:20 efficiency flexible perovskite solar cell
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SIA/MM ME | (09:10~10:25) ZpEh S HE(AS)
E-1  Po2 Halol ME SKA7(Q LrH 0] 25t A7
09:10  oloda oy
HR|cStm AANZS Y "HR|CElm ChEHed MAXNZ St
E-2  CNT-Pd modified Cu,O supported on Nickel foam as an efficient electocatalyst for hydrogen evolution reaction
09:25  vishal Burungale, Hyojung Bae*, Pratik Mane, Hokyun Rho**, Jun—Seok Ha™~
School of Chemical Engineering, Chonnam National University; *Optoelectronics Convergence Research Center,
Chonnam National University; **Energy Convergence Core Facility, Chonnam National University;  Chonnam
National University
E-3  Solution—processed and self—-powered photodetector in vertical architecture using mixed—halide perovskite for
09:40 highly sensitive UVC detection
HINE, 245, Nguyen Huyen
7HEtm
E-4 X7t 28 ZH0IM Au ¥ In0s LE-UXIE 7ISSHE O[RIE WS, AXHC| ULSIELA S 7S
09:85 ot 2xlel AN, 24
Qlstestm MAXHE St
E-5 Enhanced the Electrochemical CO, Reduction Reaction by Doping Diverse Metal lons on ZIF-8
1010 Z4 xZI5
ni=ui=lmi
7 |s/CIASY0| K= | (10:35~11:50) ZpEE ZIAAMSLH)
F-1  Passivation agent 2! 2|ZtEE 0|28t CsPbBr,ls—x perovskiteZM HIZUCL0|Q2E9| EM (Properties of CsPbBryls
10:35 perovskite red light—emitting diode with passivation agent and ligand)
s olsix, oI, Hyel
Mt AlAxS St
F—2 GO #7lol = CsPbBr; LI XIo| sS4 2l EM HH3l0f CHSH HF
10:50  ojodd Zpx, RASF, SIEN, 04
mMislm stergsts; FMdtistn 22|kt
F-3  4-aminobenzonitrileS 0|&&t 11 QMM =M HZEHAFIO|E W2t Clo|2E2| EM (Fabrication of highly stable green
11:05  perovskite light—emitting diodes with 4—aminobenzonitrile)
OtEIF, A=, XQIY, HA
SMChEtm AlATHEStE
F-4  B|ER HAS St HIE CsHl HIZEATIO|E LExZHo| §H4 U 54
1120 Zmx 0l2%, 0[5, HIBY, 2HE, o4
Heistm sfargshe; ‘shaufsty &0
F-5 CIYst X|&7|E 71Zl Phenylamine2 0|28t &M perovskite &t CIO[2EC| EM(Properties of blue perovskite
11:35  light—emitting diodes using phenylamine with various substituent)
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&7 |s/CIAZ20] RHZ Il (13:00~14:00) ZPEE ZME(A=CH)
F—-6  Asymmetric Optical Transmission at Visible Frequency across a Meta Surface Designed with Factorization Machine
13:00  o|27HEungkyu Lee), Tengfei Luo’
Ads|thsty MAPHHELNSE MXZ2sta) *University of Notre Dame
F=7  Metal-Semiconductor Hybrid SERS System toward Label—free Ultrasensitive Detection
1315 ol W, ARN, 01HS, =83/, LUE, £57|, HhEl, YA, o[l
i I:HetI.'_, "KAIST
F-8 3% L Xl S0HE HMESH My|skst WatAXIol EM (Properties of electrochemiluminescence light—emitting devices
13:30  with metal nanoparticle catalyst)
HiR, o7, WA Hxjel
(st A iIHJ—dJ"—f "oAM|chEtm AAXIESHF KIURIGITLER
F-9  AlGalnP red nanostructure LED with star—shaped Au/SiO, nanoparticles for localized surface plasmon
1345 SO, Zeyst ofQIst
ni=lui=imi
Z7Is/ClASH|0| M2 Il (14:10~15:10) A 0127 ZEI)
F-10  p—CuiZn 8l/n-MgxZn,,0 YAE Z0|Z OISHHTEE 083 Haly wa cloje=o| 54
1410 wiM= Zickol mixpol
SIMIchEtm AlAXfESH} 7|R2|HRE "M iEim AlAX|E St}
F-11  Magnetic assisted Fluidic Self-Assembly transfer technique for high resolution micro LED display
1425 AN=g ololsr
DSt TRCHEm AAKHEEH
F-12 34 ABIE LIS =85t M7 |318t watAX|ol EM (Properties of electrochemiluminescence light—emitting device
14:40  applying metal oxide nanorods)
o= x-l;(H CPSI=ts ) VTla]]
HMICHE T, °“|A1IEH§I'._ AARNZ S KIURISLE
F—=13  All-inorganic colloidal quantum dot—based white light—emitting diode with excellent color stability
14:55  Seung—Bum Cho, Jung Inn Sohn’, Bo Hou™, ll-Kyu Park

Department of Materials Science and Engineering, Seoul National University of Science and Technology, Seoul
01811, Republic of Korea; "Division of Physics and Semiconductor Science, Dongguk University, Seoul, Republic of
Korea; **Department of Physics and Astronomy, Cardiff University, Cardiff CF24 3AA, United Kingdom
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HXREHER| JZ 11 (09:30~10:15) ZpRE ZIEN(HELLH)
A-7  Dependence of dielectric properties and structural characteristics on Ca®* substitution for Ba—/Sr-site of (Bag7Sro.3)
09:30  (Tig,eZro1)0s—based ceramics
Eung Soo Kim, Nak Beom Jo
Department of Materials Engineering, Kyonggi University, Suwon 16227
A—8  Enhanced energy storage property of BigsNaosZrxTi—)Os through improvement structural stability in MPB areas
09:45 and AD method
Ao, XM, 2SS, 0l3HE, XIS, FiE
Qlattistm
A-9  wEEI AZES 2t ZRTY ELH 7|4 2UZ AlHA
10:00  ziax uixiz, o
Mopistn, HMecistn
(TIXY/EHEA| R= 1) =FEESA (10:15~10:40) ZHEh ZENS(TIST)
-3 24 gRl0l= AN 23 SUZH J|¢ PY B #A U TFT S8
10115 =75
Eoy=18 MRS SN, ety
MX/EEH| XHE IV (10:50~11:50) Z: Z7(SHtH)

A-10
10:50

A-11
11:05

A-12
11:20

A-13
11:35

Highly Textured Lead—Free Piezoelectric Ceramics
aiust BRs, dE5E ZBL S olER, UER

KIMS; "EAlCHSHD MiZZst}
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BFo| A S| H3 AIEOIM U S Du

Effects of crystal structure on microwave dielectric properties of (ZniNix)>-,Si0s-, (0.00<x<0.10, 0.00<y=<
0.30) ceramics

Nak Beom Jo, Eung Soo Kim
Department of Materials Engineering, Kyonggi University, Suwon 16227

Enhanced dielectric properties with stress relaxation of Shape Memory Alloy substrate through Aerosol—
Deposition Method

ZHE2, X-8E, oy, 0l3HE, XS, FiE
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B—6  Dense 3YSZ Microspheres from Spray—Dried Granules

09:30 ZA= OlEfY, DIRS, MER QHHQ FHEE Q26 HIASE XZZ
KIMS; dYthistw
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B-7  CoFe;04 prepared by metal—organic decomposition for higly efficient oxygen evolution reaction of water splitting

09:45  Kyung-Hwan Kim, Yun—Hyuk Choi
Advanced Materials and Chemical Engineering of Daegu Catholic University

B-8 Solution—Based Synthetic Methods for Two—Dimensional Metal Chalcogenide Nanomaterials with Heterostructures
10:00 0195 MER OHHR ZEX S 226t

KIMS

B-9 Protein—based Architectures by 2D Shape—controllable Building Blocks and Cationic Molecular Switch

10115 o|=& &3{H. 0|X|2l, Herbert P, Miller, =52t ZIEE Youli Li", Stuart C. Feinstein’, Leslie Wilson', Cyrus R.
Safinya’, ZIZI%, 28, AK0|, URE, QWF, OJAE, Junichi Tanaka™, TR, 2TH
KAIST; "UCSB; **University of the Ryukyus

Lt=3F5H/HI0| RHZ IIl (10:50~11:35) E 4

B—10  Nanocrystallization Strategies for Improving Stability of Perovskite Solar Cells
10:50  zio|
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B—11  Insulin secretion analysis of Isolated pancreatic cells cultured on decellularized kidney Extracellular Matrix (ECM)

11:05  Minji Choi, Byong-Taek Lee*
Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
*Department of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang
University, Cheonan, South Korea
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P-1 Graphene reinforced lead—free solder composite for electronic packaging and its high reliability
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P-5  Developing a Basic Model for Interfacial Switching Mechanism of Cerium Oxide Based Resistive Memory Using
Finite Element Method

Sagar Khot, M5H, HEL
Bolrhstm

P—6  Nickel nanowires roughness characteristics according to the shape of magnetic field
Min Ji Shin, Ji Eun Lee, Su Jeong Park, Akshay Kumar, Seok Hwan Huh, Bon Heun Koo
Aot

P-7  AI/TI/TIN C}& 24 7X0t w 24 T2 7 HE &gl 25t o7
USE UriE, SiT

Nppstn; HeiEm
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P-8 Investigation of exchange bias in ferromagnetic heterometallic nanoparticles
Kavita Kumari, Akshay Kumar, Bon Heun Koo

Aoyt

P-9  Enhancing the room temperature cooling capacity of double layer Pry4Sris<Mn;0; manganites through
controlled self—doping

Akshay Kumar, Kavita Kumari, Mindi Shin, Bon Heun Koo
st

P—10  XIZIXIR 7k M7IHEY Axhel BHd R =|xs}
ZI9= Rubaya Yeasmin, A{SEl"
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P—11  Effects of SrTiO; modification on piezoelectric and strain properties of lead-free KgsNagsNbOs;-based ceramics

Trang An Duong, Hoang Thien Khoi Nguyen, Sang Sub Lee, Donghyeok Kim, Chang Won Ahn, Hyoung-Su Han,
Jae-Shin Lee
University of Ulsan
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Comparison of Fe—/ and Al-doping effects on phase transition and electrical properties in lead—free
Bio sNap 5TiO3~SrTiO3 piezoceramics

Aisyah Devita Mukhlishah, Hoang Thien Khoi Nguyen, Trang An Duong, Hyoung—Su Han, Jae—Shin Lee
University of Ulsan
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Microwave Dielectric Properties of MgO/polypropylene Composites with Low Dielectric Loss

Jae Young Jeong, Eung Soo Kim
Department of Materials Engineering, Kyonggi University

Conductive Fibers with Buckling Surface Structure and Its Application for Hydrogen Sensor

Kukro Yoon, Taeyoon Lee
Yonsei University

Analysis of Recrystallization Statistics in Phase Change Memory Using Electrothermal and Phase—Field Models
Ho Thi Thu Trang, 0|82, #E2

Eo|ristm

Dielectric and electromechanical strain properties in SrTiOs—modified lead—free Bii/2Nai/,2TiOs—BiAlO3; piezoceramics
O|MM, O|XHAl Hoang Thien Khoi Nguyen, Trang An Duong, Stai4gs

SAMEm HEATIZ S

Stretchable and Flexible Fiber Electrode for Measuring Neural Signal with Au Nanoparticles Conductive Networks

Chihyeong Won, Taeyoon Lee
Nanobio Device Laboratory, School of Electrical and Electronic Engineering

Film analysis on Functional Group of Self—Assembled Monolayer (SAM) for the application on Cu diffusion barrier

Minkyu Lee, Seungmin Lee, Taeyoon Lee
Yonsei University

Dielectric properties of Mg(Tio95Bo.05)03 (B=Ti, Zr, Sn) / Polystyrene composites at microwave frequencies

Da Som Jung, Eung Soo Kim
Department of Materials Engineering, Kyonggi University

Quantitative /n—situ Hygrometry for Reduction Degree Analysis of Molybdenum Oxide Reduction Process

£QM 0|gtl Hag Muhammad Aneeq, ZIEHA
StEMAMT ST
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All-Fabric Flexible Ag2Se Thermoelectric Generator for Harvesting Electrical Energy in Wearable Devices

Chaebeen Kwon, Taeyoon Lee
Yonsei University

Copper Electrode Based Thin Film Transistors Surface Engineering using Coupled Self—assembled Molecular
Layer
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Comparison for Noise Performances of AIGaN/GaN HEMTs With and Without in situ Silicon Carbon Nitride (SiCN)
Cap Layer
OlgLL, zl2d, Mx{Ql Z|XIM obMZI

2ozitstm

High x InGa;-x<N Quasi—Quantum Dots Formed in Quantum Pyramids on Non—polar GaN nanowire structures

HHE, 2Fwd, FXIA, 0E=2
et Slimi

The Study on the Mg—doped p—Type GaN on InGaN nano—heterostructures

Jeong—Kyun Oh, Young—Ho Ra*, Dae—young Um, Ji—Yoen Kim, Cheul-Ro Lee
Hecistn; s2Marlz e

First principles study on selective etching of silicon nitride over silicon dioxide by phosphoric acid
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n—type Thermoelectric Properties of a Hexagonal SiGe Polymorph Superior to Cubic SiGe
SHF, HMSH|, H=xO0f, STt
HAM|CHE

Study of quantitative analysis in rare earth materials(metal and oxide) by glow discharge mass spectrometer
(GD—-MS)
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Resistive random—-access memory (ReRAM) devices based on quasi 2D halide perovskites for high ON/OFF ratio
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Recovery and purification for indium metal using by—product
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Synthesis and morphology control of uncalcined hydroxyapatite
AR v, 3¥s
st e

Silica—encapsulated CalB Particles for the Esterolysis of p—Nitrophenyl Butyrate
2017, AHS HiHE

St2Metaly e T oMchEtn

Shape—Controlled Synthesis of Highly Monodisperse Erbium, Ytterbium doped Calcium Fluoride Upconverting
Nanocrystals
SMHI ©59 HHEfE
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sothstm

Developments of the sensing electrode for organic solvent leak sensor using graphene nanopowder

Van—Quyet Nguyen, Sang Ho Cho', Byeol | Im’, Jung Hong Min, Ju Young Lee, Bee Lyong Yang
ZAIIE AAXIZEE; "Amers. Co, Ltd,

Reusable and Rapid Esterolysis of Nitrophenyl Alkanoates with CalB—immobilized Magnetic Nanoparticles

Es, olste
N DEPS S

Isolation and characterization of progenitor cells from adult rat kidneys for Tissue regeneration,

Myeongki Park, Byong—Taek Lee'

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; “Institute
of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea, Department of
Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea

In—vitro Evaluation of Tissue Engineering Based Artificial Membrane Bones,

Heyjin Tae, Byong—Taek Lee’

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
Department of Regnerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang
University, Cheonan, South Korea
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In—Vitro Multi Axial Creep Detection of Clear Aligner for Orthodontic Treatment
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In Vitro Evaluation of Liver Decellularized Extracellular Matrix and Polysaccharides Scaffold as a Hemostatic
Agent

Chu Thanh Lan, Byong—Taek Lee’

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; Department
of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan,
South Korea

Hydrophobic mesoporous silica particles modified with non—fluorinated alkyl silanes

BRI, BYE

st=AMEElY e

Gram—scale synthesis of size—controlled Cu powders via high concentration Cu ion precursor
2HS| XTE, ZES, o/gel

M |atistm AAKIESm} 7SR HTAL " HSafsly [t AAZ St}

Fabrication of Low—Cost Inorganic Solvent Leak Sensors Using Multi-walled Carbon Nanotubes

Van—-Quyet Nguyen, Sang Ho Cho’, Byeol | Im’, Na Young Kwon, Bee Lyong Yang
ZoAHEtm AAXKZEH "Amers, Co, Ltd,

Fabrication of Bi—layered small diameter vascular grafts by using electrospun Silk fibroin and PU/PCL
nanofibers with mechanical property, in vitro and in vivo biocompatibility analysis

Md, Abdullah Al Fahad, Byong-Taek Lee’

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151, Republic of
Korea; *Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151,
Republic of Korea;lnstitute of Tissue Regeneration, Soonchunhyang University, Cheonan—31151, Republic of Korea

Extracellular matrix loaded moldable and injectable alginate—cellulose B—TCP beads for accelerated bone
regeneration

Md Sohanur Rahaman, Byong—Taek Lee’

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151, Republic of
Korea; *Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151,
Republic of Korea; Institute of Tissue Regeneration, Soonchunhyang University, Cheonan—31151, Republic of Korea

Development of Decellularized ECM Hydrogel Based 3D Printable Bio—Ink for Cartilage Regeneration

Prayas Chakma Shanto, Byong—Taek Lee"

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151, Republic of
Korea; *Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan—31151,
Republic of Korea; Institute of Tissue Regeneration, Soonchunhyang University, Cheonan—31151, Republic of Korea

Computated big data driven design of sensitive and selective virus—based electronic nose towards volatile
organic compounds
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Colloidal Synthesis of Monodisperse Phase Change Core—Shell Nanobeads for Thermal Energy Storage
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Polymorph Lead Vanadate Synthesis and its Application for Wearable Aqueous Supercapacitor

EA7| HHOIX|, Qadeer Akbar Sial’, ASE!

Department of Materials Science & Engineering, Ajou University; Department of Energy Systems Research, Ajou
University

Thermoelectric Properties of Te—doped MgsSb, Synthesized by Controlled Melting, Pulverizing Followed by
Vacuum Hot Pressing

Md. Mahmudur Rahman, Soon—Chul Ur

Dept. of Material Sci. and Eng., Research Center for Sustainable Eco—Devices and Materials (ReSEM), Korea
National University of Transportation, Chungbuk, Chungju, Republic of Korea,
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Fabrication and characterization of Fluorine (F) doped AZO (F:AZO) transparent conducting electrodes and their
application in CZTSSe solar cells
Zris, Aol

Mot MAxiEs, FTREE”

=87 Hdtistn MAiSstnt

The Study on Improving Heterojunction Interface Quality of SnS/CdS Thin Film Solar Cells
2, G

Hetistu

Hydriding Kinetics and Material Life Cycle Assessment on Mg:NiH,—5, 10, 20wt% CaO Composites by Hydrogen
Induced Mechanical Alloying
ASE, BEH, 20} et

StEEL|shy MAXHZSH}
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Correlation between i—Zn0O thickness and TCO deposition temperature in CZTSSe solar cells

Jun Sung Jang, Jin Hyeok Kim
Chonnam National University
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Achieving low Voc—deficit characteristics in Cu2ZnSn(S,Se)4 Solar Cells
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Efficient, stable silicon tandem cells enabled
by anion-engineered wide-bandgap perovskites

Byungha Shin*

Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology
(byungha@kaist.ac.kr")

Perovskite photovoltaic technology has advanced substantially, with the present record efficiency for single-junction
devices reaching > 25%. One of the most promising strategies for commercializing these devices is to apply a perovskite
top cell in tandem with a Si bottom cell to reach ultrahigh efficiency beyond the Shockley-Queisser limit for single-
junction devices. The ideal band gap for the tandem configuration is ~1.67 to 1.75 eV for the top cell and 1.12 eV for the
bottom cell, which, fortuitously, is the Si band gap. The band gap of perovskites can be tuned by (partial) replacement of
iodine anions with bromine or chlorine. However, the replacement of I with Br by more than 20%, which is necessary to
enlarge the band gap to ~1.7 eV, leads to stability issues under illumination through phase separation that forms I-rich and
Br-rich structures. One approach to stabilize the perovskite is to create a two-dimensional (2D) phase in which sheets of
[PbX6] ? octahedra are separated by an excess number of long-chain (or aromatic) molecules that act as a passivation
agent. Common long-chain or aromatic molecule-based 2D additives include n- butylammonium iodide (n-BAI) and
phenethylammonium iodide (PEAI). Most of the recent studies have focused on the cation components of the 2D additives
rather than focusing on the anions. We developed a 2D-3D mixed wide band gap (1.68 eV) perovskite using a mixture of
thiocyanate (SCN) with the more conventional choice, iodine. Through a careful application of atomic resolution
transmission electron microscopy, we demonstrated that electrical and charge transport properties as well as the physical
location of 2D passivation layers can be controlled with anion engineering of the 2D additives. Moreover, we can use this
approach to extend light stability and to improve device performance. For a perovskite device, we achieved a PCE of
20.7% that retained > 80% of its initial efficiency after 1000 hours of continuous illumination in working conditions. For

a monolithic 2T perovskite/Si tandem solar cells, the champion 2T tandem device achieved a PCE of 26.7%.!"

References
[1] Shin et al. Science 368, p. 155 (2020).

Keywords: perovskite, tandem solar cells, 2D additives

1Y)



20213 St=xH=5ts| FEAStarh3)

SA-3
TSE H2|2 EfUTX| 7= T sigt
A312, Zi7, U2, [, O[ENZ, AIMTL 0lA1S| DIHE
FrolY A7+
(hsong@kier.re.kr")

=249 2k JAQl ehaF(Net-zero)& ARG Qs ARl AqA] 9] &7} =obA] AL Qlt}. 71 5 B
dsl 87800 43 37012 900 3.2 BREE 0% I om AU, 29 99F 192 250
27HLCOE, Levelized Cost of Electricity) S 713 A|7]7] {3t thakst Alg] & g o A] 7]1&7) o] A 31‘:} B
S ARRIOA] M7 71 o] AR R R ARl b)) 4ol ], LCOES 1#—71 S ne
&1 AP P A] 7 o] RiEA] B asic) dAY Elﬁg HFAA] 7] o9 Al e 23 540] X*iﬂ
= AH Y] A%t 48 2| A3F5}7] 9151 Passivated contact -2 54T S carrier selective contact) 7]40] 2Hs]

Al Qe Qlek o] 7]4S B85k A2 E B 9F - A % Tunnel oxide passivated contact(TOPCon) B QFA 2] = & 2 9FAF

S
& A2 g FA | & tl| 3 8= Passivated emitter and rear contact(PERC) Efj 254 2] 9] §HA| & 53 4= Q) a1, 94y
PERC B|oF1A] 574 k1ol 48 4= Q1= ‘afler PERC’ P G B|o 410l o] -0 3-8 Aol ey 7}
g 0.2 G, ole} o] £ W dju] 129 Al BlebdAS 9iat tu el Azl heaie182x1s2
) 7|&57ldro] o]z} &AL glom ofof uhE th A A e B FA] | 7]s 7] S = S ar Qlvy &
A= 71 83 el B FAA Y SAS FES] fIRE el | A 7] A o] A A s
230 tfstol st gk

Keywords: 42| €] %], TOPCon, PERC, 1188, tfH 4]

c

G



20213 st=2xi=sts| FAsk=3]

SA-4

o uA7 s a4
(yunjh92@kier.re.kr")

¥
1o
i
111
p:
mﬁ

20504 BHAFHS 913 ez ersol A7) ijES Fol] SHeIH S By Feint
© Beh 717)9] 7} Bpaolk Ea SRS A, 84 RO A1 AFE 7Irelen ¢ 4 Sick 1%
wERY B Bk oA AR BASHAE QP ol4rE Fsjol ditk ol BAIE Fush] 913 H2
S A S SR RANEHS) S u1 ol R A Aol AREEL 3

Fol, A, B2 A S BAW HES T R AL AT 0 2 ol 9l QXS e TeHe A 2l
ofle agrrl el 17)S %%@¢ 1o} Al it 5k ZolEeh, SR 71222) e e gl o)

ot
wpgo] A3 1A% ARSItk el gAY S A TS SR
oG EAISE 7142 0 = FH317] §15te] A R, th, WIE 5 7154 Bjepa Aol that g} 2hirs) 21
531 9l 2 Q1) Aol Eeju] 7]uhe AHg BEAL hpAA 714,
& 29 fo) E AGSAG HepRA ol S TESE 7 3
RO BT A A 70 91t EAI A 2 A AL 1450) Sl e A 2
T AT AT G o A0 A B BE 7|50 chak 59 L Aol thsh E sk sk

i

I

o o
k=l
rE

m

i)
é“.: Ho
O
E
i
E

2
i)
o,
_YL

12



20219 SIEMRSHs| EAStalE

SA-5

Alchemist project “Development of silicon based super solar cells”
Hae-Seok Lee "

Graduate School of Energy and Environment (KU-KIST Green School), Department of Integrative Energy Engineering,
Korea University
(Ihseok@korea.ac kr')

Industrial crystalline silicon (c-Si) solar cells with using a screen printing technology share the global market over 95%
and they will continue to be the same for at least the next decade.

Recently, industrial c-Si solar cells have been developed to realize high efficiency, and consequently interested in n-type
wafer based Si cell technology, Tunnel Oxide Passicated Contact(TOPCon), Hetero-junction with Intrinsic Thin Layer
(HIT) and Perovskite/Si tandem solar cells'). In particular, development of untra-high-efficiency(35%) Perovskite/Si
tandem solar cells is underway as a national alchemist project to solve industral difficulties.

In this presentation, development of a new silicon bottom cell with TOPCon structure in Tandem solar cells are
summarized, and the current status of materials and process equipment development of TOPCon cells is introduced.

Finally, the present efficiency of Perovskite/Si (TOPCon) tandem solar cells is reported.

References
[1] H.S.Lee. Advance Materials 32 (2020).
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Exploring the deformation behavior and microstructure of Al based materials
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Exploring the deformation behaviors and microstructures on micrometer and nanometer scales are very important for
understanding Al based material property and its application to engineering. In this talk, I introduce the deformation
behaviors of Al6061/nano-Al203 composites and Al-Mg alloys, which was tested by using both compression and torsion
tests. The composite fabricated by the infiltration method consisted of an Al matrix and A1203 particles with a mean size
of 200 nm. The hot deformation mechanism in Al6061/nano-A1203 composites is believed to occur through dynamic
recrystallization, where fine equiaxed grains and dislocations were observed at the deformed specimens [1]. Strain
distribution in plane-strained (rolling) and simple-sheared (torsion) Al-Mg alloy has been estimated using both X-ray line
profile analysis and electron backscatter technique. The strain analyses under unified texture distribution by orientation
rotation showed that torsion has relatively homogeneous strain distribution regardless of texture component in contrast to
inhomogeneous strain in rolling. In addition, annealing texture of torsion has more random texture than inhomogeneous

rolling texture. [2, 3]

References
[1] K. H. Yeon, H. S. Park, M. S. Kim, S. B. Yu, J. K. Lee, Characterization of hot deformation behavior of nanosized

Al203 reinforced Al6061 composites, Journal of Nanoscience and Nanotechnology 19, 3929 (2019)

[2] H.-W. Son, J.-C. Lee, H. S. Park, S.-K. Hyun, Strain distributions of plane-strained and simple-sheared Al-Mg slloy,
Metals and Materials International, https://doi.org/10.1007/s12540-020-00677-x (2020)

[3] H.-W. Son, C.-H. Cho, J.-C. Lee, K.-H. Yeon, J.-W. Lee, H. S. Park, S.-K. Hyun, Deformation banding and static
recrystallization in high-strain-rate-torsioned Al-Mg alloy, Journal of Alloys and Compounds 814, 152311 (2020)
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Effect of boron nitride nano sheet (BNNS) on grain growth behavior of
aluminum matrix composites
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(hyunjoo@kookmin.ac kr")

While nanocrystalline (NC) aluminum(Al) exhibit superior strength to conventional microcrystalline metals, their
thermal instability has hampered their application at high temperatures. Herein, we propose two-dimensional (2D) boron
nitride nanosheets (BNNS) as reinforcement to enhance the strength as well as the thermal stability of NC Al. The strength
of pure Al was increased from 80 to 468 MPa by refining its grains from ~600 to ~40 nm, and it was further enhanced to
685 MPa by incorporating 2 vol% of BNNS. Moreover, the small amount of BNNS was found to effectively suppress grain
growth of NC Al at 580 oC (~0.9 Tm, where Tm is the melting point of Al), preventing a strength drop at the high
temperature. Finally, the Zener pinning model along with phase-field simulations was utilized to qualitatively analyze the
effect of the BNNS on the grain boundary pinning as a function of volume, shape and orientation of the reinforcement. It
demonstrated that the pinning force of 2D reinforcements is much higher than that of spherical particles. Hence, 2D BNNS
offer the possibility of developing Al-matrix nanocomposites for high-temperature structural applications.

Keywords: aluminum, BNNS, composites, grain growth

G



20213 st=2xi=sts| FAsk=3]

SB-5
TS Mizte st R0l SEARY T
ST, OISH, MADI, HIHEL IS O|AKS, o AEt
AR ATY
(sccho@kims.re kr')

ArAAFE] o) a1l Bl S 2 AR A O] Z1ESte whet 7] A - A o] A s, a8t 87t ZEHEW A aL
&, WH, FA] Sl ATof sh= 7t ARl o 2 wha A Wslstal glof 7|E 9] A d A = =
of5t7] 91 A7t A w3 om}

upebs] Aok 2801l Ak, 2754 Ame] 84S A SEAI717] AsiA Bt AekE 5571410 &

KAl T}%ﬂxﬁgﬂ] =) ﬂ?‘ }3_ Y =] o gtk 53] Alety 73et Y5 ulE S S (Aluminum Matrix Composite;
AMC) = &5 e 714 ol Alehe % QZHE AHF o2 AN A 7]E dFulE St 2 B Aol A o
T, Bela] BAL A A4 0 B8 THsAo] 8 Aol

2 Aol A= itz Yl A7 R 3782 0183101 B4C, SiC ~—4 At} Ax7Hdehd dFnle SRR E

-1 d 2T =
Atk w2 P 2 Alehe) Qa7 7144 tell UskA HAk THEE AR BT 4 glglon], Ahe 1
LA Z|A A djv] St 71 A1 A, &) A S UERd S Bl 4= Aok A7 9] Aaee Sl Aleke AR et
Ul B RO 45, AR, 97, A 5 Rt A Hofo] 2

2 e sl R o7 e F 8 ARI(PNK7380)9] 2|90 2 a9

Keywords: A1) 59k, Al2he], aihaezs, W79

N,



20214 SERESHS| &AISkalE

SB-6

Clusters and their strengthening of Al-Zn-Mg-Cu alloy during natural aging
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MOCVD pulsed-mode growth of IlI-nitride nanorod arrays for
optoelectronic applications

HYA|S T

e PR
(siyoubae@gmail.com’)

[II-nidtride-based wide bandgap semiconductor materials have been extensively studied over the several decades owing
to desirable material properties for high efficiency semiconductor devices. Especially, nanoscale architectures of III-
nitrides inspire the outstanding performance of light-emitting devices by providing several merits: suppression of the
quantum-confined Stark effect, enhanced indium incorporation, tuneable emission spectrum by adjusting the diameter
and/or external bias and large emission area. It has been employed several approaches to form the architecture of III-nitride
nanorod array. In this talk, our works to form IIl-nitride nanorods are presented including both bottom-up and top-down
techniques. Especially, selective-area epitaxy via MOCVD pulsed-mode growth is mainly mentioned. Growth behaviors
are compared among various material templates by characterizing material and optical properties of nanorod arrays. The
growth and characterizations of InGaN/GaN core—shell nanorods are also reported for the applications of optoelectonic

devices.

Keywords: Wide bandgap semiconductor, nanorod, selective area growth, pulsed-mode growth, MOCVD

Ci



2021A= SHEMRSHS| EA St

SC-3

Mixed dimensional heterostructures for
semiconductor light emitting diode display applications
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The chip-scale integration of red-green-blue semiconductor light-emitting diodes (LEDs) on a flexible and wearable
substrate would lead to a realization of next-generation display technology, taking advantage of outstanding device
performances of the semiconductor devices, such as high brightness, low power consumption, and long-term device
stability. However, because the conventional thin-film LEDs can only generate monochromatic emission due to their
active region possessing uniform quantum wells, the multi-color emission is still a major challenge in inorganic displays.
Moreover, high-quality LEDs have been grown on rigid single-crystal substrates at high growth temperatures over 1000°C
which limits semiconductor LED displays to be flexible and/or wearable. In this presentation, the speaker will review
methods to resolve these problems using mixed-dimensional heterostructures. A device platform comprising of
semiconductor heteroepitaxy on the 2D layered materials was utilized for the transferable and flexible inorganic LEDs and
integrated optoelectronics with electronics. The 2D layered material, such as graphene films, not only provides a good
seeding layer for the high-quality semiconductor growths but also acts as an interlayer for transferring the semiconductor
devices to arbitrary substrates. Furthermore, various diameters of nanopillar and micropillar LEDs were fabricated on a
single chip enabled us to demonstrate monolithically addressable full-color light emitters where the color control
mechanism was a local strain engineering. The device performances of the monolithically integrated full-color LEDs,

including color mixing characteristics, will also be discussed.

Keywords: LED, 53-3}9] 224, o]g—t=, &4, fraaA}
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Diamond Material for Electronic and Quantum Device Applications
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Recently, diamond has attracted extensive attention as a single crystal semiconductor material for quantum devices as
well as electronic devices. For example, diamond-based devices can operate at high temperatures because of its wide band
gap (5.5¢V) and high thermal stability. Also, diamond is known as an ultimate candidate for ultra-high power and
ultra-high frequency electronic device applications, because the BFOM and JFOM, power capability and RF capability for
diamond semiconductor are 50,000 and 1,340, respectively, which is approximately 100 times and 3 times higher than
those of Si and SiC, respectively. In addition, the nitrogen-vacancy center (NV center) in diamond has been studied for the
applications of quantum computing, quantum communication and quantum sensing etc. For example, an individual NV
center can be used as a basic unit for a quantum computer, a qubit. Additional potential applications in novel fields of
electronics and sensing include spintronics, masers, and quantum sensors etc.

The researches for diamond single crystal semiconductor materials and devices in USA, Japan and EU have been
supported by the governments for over 10 years. However, there has been almost no government support for diamond
semiconductor material research in Korea. In this talk, it is reported the current status and future prospect of diamond
single crystal semiconductor material for electronic and quantum device applications. Also, diamond research of the Korea

Polytechnic University will be introduced and discussed in the conference.

References

[1] M. Kasu, Progress in Crystal Growth and Characterization of Materials 62 (2016) 317-328

[2] T. Kwak and O. Nam et al., Boron-Doped Single-Crystal Diamond Growth on Heteroepitaxial Diamond Substrate
Using MPCVD, Physica Status Solidi A 2020, 1900973.

[3] T. Kwak and O. Nam et al., Diamond Schottky barrier diodes fabricated on sapphire-based freestanding heteroepitaxial
diamond substrate, Diamond & Related Materials 114 (2021) 108335.
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Universal and scalable route to fabricate GaN nanowire-based LED on
glass substrate by MOCVD
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In order to fabricate the cost-effective LEDs on larger scale, the most efficient approach is the growth of scalable and
high crystal quality GaN nanowires on amorphous substrate, preferably glass. Here, for the first time, we have demonstrated
the growth of GaN nanowire-based LEDs by MOCVD on an amorphous glass substrate. InGaN/GaN multiple quantum
well shells are conformally grown on semipolar {11-22} growth facet of m-axial GaN core nanowires and resulted in
reduced quantum confined Stark effect. The PL spectroscopy of the GaN core nanowire-ensemble reveals a very high
crystal quality due to the dominant emission from the band-to-band transition and absence of a characteristic yellow
luminescence. The QW emission wavelength was tuned from 460-670 nm. Furthermore, the temperature-dependent PL of
the nanowire ensemble exhibits a very high internal quantum efficiency of 76.1%. Therefore, the ultrashort radiative
lifetime of the carriers was in the range between 19 ps and 54 ps. The grown semipolar InGaN/GaN QW core-shell
nanowires have been successfully fabricated into LEDs, showing the prospect of light emitters grown directly on glass
substrates. These results emphasize the potential of our approach to grow high-crystal quality GaN nanowires on
amorphous substrates for large scale production and various optical applications such as LEDs, solar cells, and

photodetectors.

Keywords: GaN, nanowire, core-shell, LED, InGaN
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Effective Assembly and Thermal Management of Flexible/Stretchable Micro LEDs
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As flexible and deformable electronics dramatically advance, their components should be fabricated for miniaturized
scale, and integrated on limited-size substrates with extremely high density. Current technologies for 1) the integration and
interconnection of electronics as well as 2) preventing thermal degradation in deformable electronics show some critical
limitations in the application of microscale electronics. It is noted that highly integrated assembly usually has inevitable
concern on assembling accuracy which requires critical alignment and thermal degradation due to limited heat releasing
property of flexible and stretchable substrate. To address these problems, herein, a new direct and vertical interconnection
driven by selective dewetting of a polymer adhesive is introduced for question #1. The interconnection system consists of
the polymer adhesive and nanosized metal particles, or structured electrodes. Nanoscale-dewetting windows formed by
controlling the stability and wetting property of the adhesive polymer are controlled by the interfacial property of the
coated polymer adhesive. The adhesive is coated on substrate by a simple spin-coating process, and its ultraviolet curable
property allows only the device-mounted parts to be selectively conductive and sticky, while the other parts form
insulation and protection layers. The interconnection of the electronics and substrate by adhesive makes it possible to apply
the technique to various microsize electronics with electrode size and pitch of 20 um or less, and endure dramatic
temperature change and a long-term high humidity environment. Moreover, over display comprising over 10 000
microscale light-emitting diodes (micro-LEDs), and commercialized microchips are demonstrated with monolithic
integration on flexible and transparent substrate. Presented here for question #2, moreover, is an effective assembly
technique to realize a continuous array of boron nitride (BN) nanosheets on tetrahedral structures, creating 3D thermal
paths for anisotropic dissipation integrated with deformable micro LEDs. The tetrahedral structures, with a fancy wavy
shaped cross-section, guarantee flexibility and stretchability, without the degradation of thermal conductivity during the
deformation of the composite film. The structured BN layer in the composites induces a high thermal conductivity of 1.15
W m—1 K—1 in the through-plane and 11.05 W m—1 K—1 in the in-plane direction at the low BN fraction of 16 wt%, which
represent 145% and 83% increases over the randomly mixing method, respectively. Furthermore, this structured BN
composite maintains thermal dissipation property with 50% strain of the original length of composite. Also, various
electronic device demonstrations provide exceptional heat dissipation capabilities, including thin film silicon transistor on

flexible and stretchable composite, respectively.

Keywords: micro LED

(G



2021A: StERE S| FAIskalz]

SC-7

Ol0|3.2 LED CIAEY|0] 7| 74

ZXIAT, A7 IS, Z2H|, ZALS, HRIS

Rl
(jykim@kopti.re.kr")

ulo]| & LEDL:= W2|7}et #7] Kot 2R A}o] 221 100 um x 100 um ©]3}19] Afo] 2E 712]= LEDE 7}2]7]. o]|st
Upo] 282 LED= JL a8, A4, Xiéfz}@?hoﬂ}ﬂﬂi ofste] g2 FAIE 7HAaLsle] AEHAE 7IH B AV,
32k 20| 7)ol Aol 7hssto] flofelE taEd o), wFRAY o=7]7], HheA] ], Ae=a Al 9 Hd|
O|E] AH]| AL =T} 70 toFst Holol| 2188 4= )-8 T YRS 3w o], Yo Mojod w2 Qukdr ol E
d= 7IAaL3lo] 2L LCD, OLEDE thAlsto] ZpAH] HAE&d|o] o] alel e T2 AEA | 251 Q). SHARE o]
23t o] 2 LED= 542 22 7], gRe A= Qlsto] A= A, 21 i, v2E e o] JHL*Q}, =%, =l
o] 7l 5 siasford dAlEo] Wol 'ollls. & Wikol| A= o] A= LED 7|52 Efl=el 7|3 e 7|s, A

g 71 7ol thit 2 A 2akel SOPPL o tA~Ed|o] -8 7|7l vigt 23S o) shalAk 3

Keywords: 1}o] 3.2 LED, tjAZd|0], AAL, 4, CLO, ACF

ok a1
e o

1)



20219 SIEMRSHs| EAStalE

SD-1

Selective electrochemical NO-to-NH,OH conversion catalyzed
by isolated Fe catalyst

x¥54T

s

GIST
(chchoi@gist.ac kr')

Electrocatalytic conversion of nitrogen oxides to value-added chemicals is a promising strategy for mitigating the
human-caused unbalance of the global nitrogen-cycle, but controlling product selectivity remains a great challenge. Here
we show iron-nitrogen-doped carbon as an efficient and durable electrocatalyst for selective nitric oxide reduction into
hydroxylamine. Using in operando spectroscopic techniques, catalytic site is identified as isolated ferrous moieties, at
which the rate for hydroxylamine production increases in a super-Nernstian way upon pH decrease. Computational
multi-scale modeling attributes the origin of unconventional pH dependence to the redox active (non-innocent) property of
NO. This makes the rate-limiting NO adsorbate state more sensitive to surface charge which varies with the pH-dependent
overpotential. Guided by these fundamental insights, we achieve a Faradaic efficiency of 71% and an unprecedented
production rate of 215 pmol cm >h ™" at a short-circuit mode in a flow-type fuel cell without significant catalytic deactivation

over 50 h operation.

Keywords: Electrocatalysis, nitrogen cycle, single-atom metal catalyst, nitric oxide, hydroxylamine
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Ultra-thin Ni-Fe layered double hydroxide nanosheet: unraveling hidden factors of
oxygen evolution reaction via in-situ/operando spectroscopies

R&MT
A=l le ATl

(hyung-suk.oh@kist.re.kr")

Ni-Fe layered double hydroxides (LDH) are active materials used for oxygen evolution reaction (OER) in alkaline
environments. In this study, a facile and scaling up synthesis route using a surfactant for ultrathin Ni-Fe LDH nanosheets
was newly proposed. We clarified the role of the surfactant in triggering the ultrathin nanosheet evolution. A hidden phase
transformation mechanism of the Ni-Fe LDH was also uncovered by combining in-situ/operando X-ray absorption
spectroscopy, X-ray diffraction, and energy dispersive spectroscopy. The Ni-Fe LDH underwent a chemically induced
phase transformation in an alkaline environment without applied electrical potential. The resulting phase transformation
product persisted throughout the entire OER cycle, such that it played a dominant role in the process. The presence of
high-valent Ni and Fe was observed on the surface, hence, the OER selectivity and catalytic turnover frequency were
enhanced in the low overpotential domain. We attributed this enhancement to the ultrathin nanosheet form of the LDH and

resulting surface property.

Keywords: Oxygen evolution reaction (OER), NiFe, water electrolyzer, in-situ/operando analysis
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Manipulating dynamic surface transformation of electrocatalysts for
superior water oxidation

Jian Wang, Se-Jun Kim', Hyungjun Kim', Jongwoo Lim "

Department of Chemistry, College of Science, Seoul National University, Seoul, 08826, Republic of Korea.;
'Department of Chemistry, Korea Advanced Instituteof Science and Technology, Daejeon, 34141, Republicof Korea
(jwlim@snu.ac.kr")

Rationally manipulating the in-situ formed catalytically-active surface of catalysts remains a tremendous challenge for
highly-efficient water electrolysis. Here we present a cationic redox-tuning method to redirect dynamic surface restructuring
from the same parent structure, for electrochemical oxygen evolution reaction (OER). Partially replacing oxygen of the
layered transition metal oxides with halide modified redox transitions during the OER, which was monitored by operando
X-ray absorption spectroscopy. Surface-restructured transition metal oxides showed an OER activity approximately two
orders of magnitude higher than that of benchmark RuO2 and sustained this high activity for 500 h without degradation,
making it among the best OER electrocatalysts ever reported. This work makes a stride in modulating surface restructuring
and opens up new opportunities to design superior OER electrocatalysts via tuning cationic redox.
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Converting Carbon Dioxide at the Electrochemical Interfaces
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Electrochemically converting carbon dioxide into valuable chemicals and fuels such as formate, carbon monoxide,
methane, ethylene and ethanol represents a promising strategy to reduce carbon emission and to store electric energy as a
chemical form toward carbon-neutral cycles. The carbon dioxide reduction reactions in aqueous electrolytes has multiple
reaction pathways and related intermediates that are involved in the reactions simultaneously. In addition, hydrogen
evolution reaction always occurs vigorously from proton reduction and water reduction. More importantly, the binding
energies of the involved intermediates are interrelated, e.g. scaling relation which limits the utilization of single transition
metals and motivate researchers to develop advanced materials with proper binding characters for intermediates. In this
regard, delicate control of electrocatalysts and catalyst-electrolyte interfaces is required to achieve high product selectivity
with low overpotential and high stability. Here, recently reported strategies for efficient production of formate, carbon
monoxide and ethylene are comprehensively introduced, focusing on the design of metal-oxide interfaces and electrode

structures as well as electrolysis methods.

Keywords: carbon dioxide, electrochemical reduction, electrocatalyst
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C-NazV1.96Feo.04(PO4)s/FesP Nanoclusters As Cathode Materials for
High-Pwoer Sodium-lon Batteries

S50, 2=
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(jaekook@chonnam.ac kr")

In this presentation, I synthesied the carbon-coated Na;V osFe 04 PO4)s-Fe,P composite (NVFP-FP/C) through a one-
pot pyro-synthesis method and propoed as potential cathode for high-rate sodium-ion batteries. The Nas V| ggFep 04(POs)s-
Fe,P composite consists of unique nanoclusters of electrically conductive ultra-fine Fe,P crystals randomly dispersed
among the NVP particles. The presence of Fe2P in the composite cathode greatly enhances its electronic conductivity and
Na'-ion diffusion co-efficient; hence, the NVFP-FP/C cathode exhibits a high discharge capacity, remarkable long term
cycling stability over 2000 cycles at 20 C and excellent power capability up to 40 C.

Keywords: sodium-ion battery, high capacity, cathode material
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Lithium-Chelating Resins Functionalized with Oligoethylene Glycols toward
Lithium-lon Battery Recycling

il:ﬂJIE_IT

SO LA A el ek

(bkoo@dankook.ac.kr")

Recycling spent lithium-ion batteries (LIBs) is an important consideration both to preserve metal resources and to
reduce hazardous waste. One recycling method is to extract lithium and cobalt ions using organic solvents that contain
battery components. However, it is hard to achieve the complete separation of metal ions and this also requires multiple
steps. Herein, functionalized polymeric resins are reported, that can capture both lithium and cobalt ions from organic
solutions and separate them chromatographically. Specifically, Merrifield resin is functionalized with oligoethylene glycol
derivatives, which are structurally similar to crown-ethers. To test the lithium-ion depletion, these resins are incubated
with bulk solutions of lithium cations at =50 ppm in acetonitrile. The results showed 30—45% depletion after filtration in
optimal cases. To test this polymer support for chromatographic separation and check the potential for LIB recycling, a
column is packed with the functionalized resin beads, and a mixture of lithium (=200 ppm) and cobalt (=200 ppm) ions is
loaded. The column can achieve baseline separation of these ions and can be used multiple times without degradation.

These results suggest that the current solvent extraction steps during recycling processes can be greatly simplified.

Keywords: 2|+, 2124} 24, Aj2kg-
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Metal-Organic Hybrid Materials for Electrochemical CO, Reduction
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(dhnam@dgist.ac.kr")

Electrocatalytic CO2 reduction reaction (CO2RR) for value-added fuels and chemical feedstocks offers a pathway
toward efficient renewable energy conversion and long-term seasonal energy storage. At the heart of this research is the
heterogeneous electrocatalysts, a material which activates substrate species, induces concerted proton/electron transfer,
binds reaction intermediates, and promotes the conversion toward target products. However, currently, the product
selectivities to value-added specific product are still too low for many industrial applications.

In this presentation, I will introduce the importance of the rational material design for metal-organic hybrid hetero-
geneous electrocatalysts. The performance of electrocatalytic CO2RR can be determined by how the binding site and
binding action of the reaction intermediates are controlled at the surface of active materials. This talk will cover the
material design principles from the thermodynamic approach for the structure and phase control of the active materials to
the molecularly augmented heterogeneous catalytic approach. With the new materials for CO2RR, a new reaction beyond
CO2RR and real time characterization such as in-situ/operando X-ray absorption spectroscopy (XAS) technique will be

introduced. In the concluding remarks, the future perspective in this research field will be discussed.

Keywords: Electrochemical CO2 Reduction, Renewable Energy Conversion, Electrocatalysts
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A Study of Electrochemical Epoxidation
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(kysjin@korea.ac. kr')

Over several decades, electrochemistry has played an imperative role in synthetic chemistry. Starting from the Kolbe
reaction, developed in 1848, a lot of effort has been devoted to synthesizing target products with the use of electro-
chemistry. However, although electrochemical organic synthesis can be driven with environmentally-friendly sources of
electricity, only a small number of commodity chemicals have been produced via electrochemical reactions; namely,
anthraquinone, some perfluorinated hydrocarbons (PFCs), and adiponitrile, a key intermediate for the polymer Nylon 6,6.
Most research into these synthetic approaches is just at the laboratory or pilot scale. The fact that such minimal attention
has been paid to the commercialization of these methods has been attributed to high energy costs due to the required large
overpotential values and poor selectivity toward desired products. In this regard, our group will focus on addressing
challenging electro-organic synthesis problems through engineering efficient catalysts and gaining a deeper understanding
of reaction mechanisms on those catalysts. In this talk, I will present my previous studies about the electrosynthesis of

epoxidation from olefin substrates by using nano-catalysts.

Keywords: Electrosynthesis, Epoxidation, Nanocatalysts
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Direct growth of protective layer Li2Se on lithium metal anode for all solid-state
batteries
Hy@xT
XL AT

(hyunjung1228@gmail.com")

Lithium metal is considered to be the promising anode material for rechargeable batteries due to its high theoretical
capacity. Recently all solid-state batteries based on sulfide-based electrolytes is emerging as next-generation batteries, and
there is an effort to introduce lithium metal. However, such devices suffer from undesirable side reactions at interface
bwtween electrode mateirals and the electrolyte. Here we report an epitxial growth of protective layer Li2Se on Li metal by
chemical vapor deposition. By manipulating deposition time and cooling rate, nanostructured Li2Se are grown such as
nanoparticles, nanorods, and nanowalls with a dominant (220) plane on the (110) plane of the Li metal. After uniaxial
press, dense Li2Se layers enable a strong chemical bond to a surface of Li metal and a uniform physical contact to a
Li6PS5C sulfide electrolyte. They prevents unfavorable side reactions, resulting in a uniform charge transfer at the
interface upon cycling. As a result, a full cell based on a LiCoO2 cathode and the Li2Se/Li metal anode shows improved
electrochemical properties and demonstrates a potential use of the Li metal anode with a protective layers for all solid-state

batteries.
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Crystal structure prediction using machine learning potentials
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(hansw@snu.ac.kr*)

While crystal structure of most unary and binary compounds were thoroughly investigated by X-ray crystallography,
only about 16% and 0.6% have been revealed within the ternary and quaternary (multinary) inorganic materials,
respectively. This means that at least millions of multinary compounds are yet to be revealed. Experimental data on the
crystal structure accumulate at a pace of 6,000 per year and so it will take many decades to uncover a large portion of
multinary domain in the structure database. On the other hand, theoretical prediction of crystal structures can expedite
discovery of novel materials from uncharted chemical space. In this presentation, we develop crystal structure prediction
of completely unknown compounds by employing neural network interatomic potentials as a high-fidelity surrogate model
of the density functional theory. Since the crystal structure is unknown, we construct the training set using disordered
phases such as liquids and amorphous structures. We confirm that the neural network potentials can rank various
metastable structures properly. By combining the neural network potential and evolutionary algorithm, we search the

equilibrium structure of various test compounds.

Keywords: crystal structure, inorganic compounds, machine-learning potential
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Computational Screening of Argyrodite-based Solid State Superionic Conductors
o’
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All-solid-state rechargeable lithium-ion batteries are attractive power sources for electrochemical applications due to
their potential to improve safety and stability compared to conventional batteries with liquid electrolytes. Finding a solid
electrolyte with high ionic conductivity and compatibility with other battery components is a key factor in increasing the
performance of any solid LIB. Several structural and chemical families of solid LIB conductors such as LGPS, LISICON
and Argyrodites have been shown to exhibit ionic conductivity spanning over 10mS/cm at room temperature (RT). And
Lithium argyrodites make up a promising family of solid state electrolytes, characterized by the general composition of
Lizyx[(A14/By)Cs]CixXi4x (A, B, C and X denote elements of group IV, V, VI and VII, respectively) Here, we present
systematic exploration of descriptors for computational screening of the argyrodite-based solid state superionic
conductors. Argyrodite consist of polyanions and single anions surrounded by cage-like Li ion diffusion network. We
found that the ionic conductivity has strong correlation with the disorderedness of single anions and the size of the Li-ion
cage formed around the single anions. Especially, when the Li-ion cages are of uniform size, the inter-cage diffusion for
higher ionic conductivity is accelerated. Therefore, we proposed the uniformity of Li-ion cage size as a screening
descriptor for argyrodite-based solid state superionic conductors. The proposed our results will provide insights into the

development of new compositions of argyrodite.

Keywords: solid state electrolyte, argyrodite, density functional theory, ab initio molecular dynamics
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The recent studies on developing new TiAl alloys for high temperature applications ( >900°C) at KIMS is introduced.
TiAl alloys have been gained interest for automobile and aerospace applications due to their low density, good oxidation
resistance and high temperature strength. However, lack of room temperature ductility and the limitation of operating
temperature hindered the practical applications of TiAl alloys. At KIMS, we have developed new TiAl alloys which have
excellent high temperature properties as well as room temperature ductility. The new TiAl alloy exhibited high
temperature strength of >500MPa at 950°C which was one of the highest numbers in TiAl alloys reported.

In addition, some preliminary results on forging process of the newly developed beta phase contained TiAl alloys were
introduced. The forging process cannot be easily applied due to lack of high-temperature forgeability. However, the beta
phase contained TiAl alloys contain beta phase volume fraction in the temperature range over 13000C that can enhance
forgeability at high-temperature. Microstructures and mechanical properties were dramatically changed with the post
heat-treatment after forging process. The best approach to achieve most balanced forgeability as well as mechanical

properties, and the possibility of application for gas turbine blade were introduced.
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Strategies Towards the Synthesis of Wafer Scale Single Crystal-line 2D materials—
From Theoretical Prediction to Experimental Realization

Feng DING

Institute for Basic Science & Ulsan National Institute of Science and Technology
(f.ding@unist.ac.kr")

Wafer scale graphene single crystal the ideal for maximizing the performances of graphene-based devices and various
applications, such as corrosion protection. Here we demonstrate a few routes and their experimental realizations towards
the synthesis of wafer scale graphene crystal.

(i) Considering the weak van der Waals interaction between graphene bulk and the surfaces of various transition metals,
we showed that a single crystal graphene island may across a grain boundary (GB) of the substrate without changing its
single-crystallinity. Based on this theoretical prediction, we propose that wafer scale graphene single crystal might be
synthesized on a poly-crystal metal surface via nucleation suppression. [1] Such a strategy was realized by the method of
feedstock local feeding during graphene CVD growth on Cu-Ni surface. [2]

(i1) The preferential alignment of nucleated graphene island on a transition metal surface allows us to grow single crystal
graphene on a symmetry matching catalyst surface and, therefore, wa-fer scale graphene single crystal growth might be
achieved on a wafer scale single crystalline metal surface.[1,3,4] Experimentally, large area single crystal Cu (111) foils
was synthesized and the realization of wafer scale graphene single crystal CVD growth was demonstrated.[5,6]

(ii1) Besides the (111) surface of fcc crystal and the (0001) surface of the hep crystal, our theo-retical analysis predicts

that unidirectional growth of hexagonal boron nitride on a high-index metal foil is also possible. [7]
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Ultrasonic-Plasma Engineering toward Facile Synthesis of Atomic Metal-doped
Carbon as Bi-functional Oxygen Electrocatalyst for Rechargeable Metal-air battery
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The growing demand for green and renewable energy has inspired the vigorous development of power conversion and
storage devices that reveal high power densities and eco-friendly [1]. Among the numerous energy conversion devices,
rechargeable metal-air batteries feature much higher theoretical densities compared to metal-ion devices [2]. Yet, their
widespread commercialization of these batteries is hindered by the high cost and poor stability of noble-based
electrocatalysts during repeated charge-discharge, which involves the oxygen reduction reaction (ORR) and the oxygen
evolution reaction (OER) [3]. Atomic transition metal-doped nitrogen-carbon (NC) matrices are promising successors of the
corresponding noble-metal-based catalysts, offering the advantages of ultra-high atom utilization efficiency atomic and
surface energy [4]. In particular, The superior catalytic activity of Metal-N, mainly originates from the specific coordination
between transition metal atoms and nitrogen, which provides a highly efficient means of modifying local electronic states [5].

Despite these achievements, the fabrication of well-dispersed M-N4/NCs remains challenging. Notably, control of the
interfacial contact between the metal atoms and the charcoal support as well as that of metal atom dispersion are crucial for
ORR/OER activity enhancement [6]. The synthesis of molecular M-N4/NCs nanomaterials often requires numerous steps
and tedious processes [7]. Herein, ultrasonic-plasma engineering allows direct carbonization in a precursor solution
containing metal-phthalocyanine and aniline. When combining with the dispersion effect of ultrasonic waves, we
successfully fabricated uniform atomic M-N4 (M = Fe, Co) carbon catalysts with a production rate as high as 10 mg/min.
The Co-N4/NC presented a potential bifunctional drop of AE = 0.79 V, outperforming the benchmark Pt/C-Ru/C catalyst
(AE = 0.88 V) at the same catalyst loading. Theoretical calculations revealed that Co-N4 was the primary active site with
superior O, adsorption-desorption mechanisms. In a practical Zn-air battery test, the air electrode coated with Co-N4/NC
exhibited a specific capacity (762.8 mAh/g) and power density (101.62 mW/cm?), exceeding those of Pt/C-Ru/C (700.8
mAbh/g and 89.16 mW/cm2, respectively) at the same catalyst loading. Moreover, for Co-N4/NC, the potential difference
increased from 1.16 to 1.47 V after 100 charge-discharge cycles. The proposed innovative and scalable strategy was
concluded to be well suited for the fabrication of single-atom-doped carbons as promising bifunctional oxygen
evolution/reduction electrocatalysts for metal-air batteries.

References

[T]N.N. Xu, J. A. Wilson, Y. D. Wang, T. S. Su, Y. N. Wei, J. L. Qiao, X. D. Zhou, Y. X. Zhang, and S. H. Sun. Appl.
Catal. B: Environ. 272 (5), 118953 (2020).

[2] C. Guan, A. Sumboja, H. J. Wu, W. N. Ren, X. M. Liu, H. Zhang, Z. L. Liu, C. W. Cheng, S. J. Pennycook, and J.
Wang. Adv. Mater. 29, 1704117 (2017).

[3] Y. F. Yuan, K. Amine, J. Lu, and R. Shahbazian-Yassar. Nat. Commun. 8, 1-14 (2017).

[4]J. X. Han, X. Y. Meng, L. Lu, J. J. Bian, Z. P. Li, and C. W. Sun. Single—atom Fe-Nx—C as an efficient electrocatalyst
for zinc—air batteries. Adv. Funct. Mater. 29, 1808872 (2019).

[5] Z. H. Wang, H. H. Jin, T. Meng, K. Liao, W. Q. Meng, J. L. Yang, D. P. He, Y. L. Xiong, and S. C. Mu. Adv. Funct.
Mater. 28 (39), 1802596 (2018).

[6] S. S. Zheng, X. R. Li, B. Y. Yan, Q. Hu, Y. X. Xu, X. Xiao, H. G. Xue, and H. Pang. Adv. Energy Mater. 7 (18),
1602733 (2017).

[7]1 E. Lam, and J. H. T. Luong. ACS Catal. 4 (10), 3393-3410 (2014).

Keywords: Plasma Engineering, single-atom metal catalyst, oxygen reduction reaction, oxygen evolution reaction, zinc-air
battery, water splitting

1)



20219 SIEMRSHs| EAStalE

SG-3

Water-stable perovskites with high fluorescence quantum yield from
a methylammonium lead bromide/formate mixture in water

Bright Walker '
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We’ve observed intense fluorescence from the surface of lead formate crystals when they are precipitated from a
CH;NH;PbBr; (MAPDBr3) perovskite precursor solution. The crystals exhibit emission in the range of 500-550 nm with a
photoluminescence quantum yield (PLQY) of up to 70%. The fluorescence is stable in water and at elevated temperature
without significant decrease in PLQY for months, conditions which instantly decompose MAPbBr3. Fluorescence
occurred with the highest quantum efficiency of 70% at an optimal 1:0.3 molar ratio of methylammonium formate and lead
bromide and decreased rapidly for other ratios. Fluorescence was quenched using other halides (CI or I) or other cations
(Cs, ethylammonium, propylammonium, etc.) Single crystal analysis indicates that the material possesses the lead formate
structure with lattice parameters which are identical to pristine lead formate, however, analysis of the particles by EDX,
XPS and fluorescence microscopy confirms the presence of Br and fluorescence emission on the particle surfaces. The

observed material characteristics indicate that the emissive species consists of a mixed-valence surface layer of Pb
coordinated to both Br and formate ligands.
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Characterizing ultrathin oxidic films on metals:
Role of high-level theory and high-resolution experiments
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Accurate atomistic models for metal/oxide interfaces play a pivotal role in determining copper-based interfacial
processes, ranging from electronic circuitry wirings to chemical catalysis. The oxidation of copper surfaces has been
studied extensively in the literature -- from simple oxygen chemisorption structures to the formation of complex surface
oxides and thin oxide films. The “29” and “44” surfaces represent two of the most classical embryonic oxides on Cu(111).
Although many attempts have been made to offer detailed atomistic models of these surface oxides, their atomic structures
remain elusive. Here, we address this open question via state-of-the-art ab initio scanning tunneling microscopy (STM)
simulations that go beyond the simplistic Tersoff-Hamann’s approach where the (functionalized) metal STM tips are
explicitly included, and they are corroborated by precise single crystal growth methods (with ultra-low surface roughness)
and high-resolution STM experiments. We find that the fine structures of STM images of the “29” and “44” surfaces are
correctly captured with STM theories going beyond the Tersoff-Hamann approximation only. Furthermore, we elucidate a

complete atomistic model for the larger “44” surface, completing the picture of early oxidation on copper.
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Renaissance established the scientific method, a system by which both observation and reason are employed in order to
test the proposed mechanisms for planetary motion. Descartes promoted science by first questioning everything and then
building up a theory based on sound observational evidence. Materials science is no exception in the sense that visualization
of order parameters or materials properties provides the solid ground on which materials theory and design can flourish.

Recently, KAIST announced 10 flagship research fields, which include KAIST Materials Revolution: Materials and
Molecular Modeling, Imaging, Informatics and Integration (M313). M3I3 initiative aims at reducing the time for discovery,
design and development of new materials based on multiscale processing-structure-property relationship and materials
hierarchy, which will be quantified and understood through combination of machine learning and scientific insight.

In this presentation, I will present the role of materials imaging combined with machine learning in realizing our vision
of M313.

Keywords: M313, Materials Imaging, Machine Learning, Data Mining, Battery Materials
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Theoretical approaches to developing stable and efficient lead-free halide perovskites
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The toxicity of lead is one of the major bottlenecks for the commercialization of metal halide perovskite (MHP) solar
cells. Numerous efforts are underway to create Pb-free solar cells to solve this issue. However, the performance of Pb-free
solar cells still lacks compared to that of Pb-based devices. There have been noticeable improvements in the power
conversion efficiency (PCE) for the tin-halide perovskites. However, the best PCE of Sn-based solar cell is still under 15
%, although that of Pb-analogs have already exceeded 25 %. The stability of lead-free perovskites is also challenging.
Therefore, there have been enormous efforts to overcome the poor efficiency and stability of tin-halide perovskites.

The development of stable lead-free perovskites is one of the goals of our research group. We have been trying to
develop efficient ways to enhance lead-free perovskites’ stability and efficiency using theoretical calculations. It is
presented that the fundamental issues on tin-halide perovskites’ stability and suggest the pathway based on our theoretical
findings. Then, our efforts to develop new lead-free perovskites will be addressed. The halide perovskite systems have
various challenging points in terms of theoretical calculation, which demand specific calculation modules. We have been
developing the automated massive calculation package to find potential lead-free perovskite candidates. The research

progress using our computational tool will be addressed on Bi-based halide perovskites.

Keywords: Halide perovskite, Solar cell, Density functional theory, Computation
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Toward Scalable Production of Single Crystal Graphene
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Graphene has been intensively studied since 2004 because of its incredible and unique physical, chemical, and electrical
properties. The efficient production of single-crystal graphene (SCG) over a large-scale still remains a challenge toward
for industrialization of various electronic, photonic, mechanical, and other devices based upon the outstanding properties
of graphene. Here, I am going to introduce our strategies for the production of SCG via bottom-up and top-down
approaches. At first, I will present a scalable growth of SCG through “transplanting” uniaxially aligned graphene
“seedlings” on the larger-area catalytic growth substrate [1]. By inducing homo-epitaxial growth of graphene from the
edges of the seed arrays without additional nucleations, we obtained SCG with an area four times larger than the mother
graphene seed substrate. And then, I will introduce a layer-engineered exfoliation technique for graphene that allows us to
obtain large-size monolayer SCG, up to a millimeter size [2]. By adjusting the interfacial toughness through the deposition
of different metal films (Pd, Ni, Co) that have higher interfacial toughness than the Au film, large-area graphene with a

controlled number of layers is also obtained.
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Performance Enhancement of Carbon/Cu Composites for
Lightweight Electrical Cables

H A7

Rl il
(sbae@kist.re k")

With the growth in electrification, the demand for the functionality and feature of electric vehicles (EVs) is increasing,
and accordingly, the required weight of copper (Cu) is increasing. Additionally, Cu usage is increasing as the
wiring/functions of autonomous vehicles (AVs) increase. Therefore, energy efficiency due to the high mass density of Cu
electrical cables has become a challenging issue to be overcome. With this trend, carbon-metal core-shell wire is an
attractive lightweight material. However, previously reported carbon-metal core-shell wire remains a challenge to further
improving its properties. Here, we report CNTF-Cu-Gr wires by introducing graphene into Cu electroplated on CNTFs.
The electroplated Cu was coated with graphene via chemical vapor deposition, which also provided synergetic effects,
enabling better thermal and electrical properties. These CNTF-Cu-Gr wires exhibit excellent overall performance in terms
of mechanical, electrical, and thermal properties with lightweight. We expect that these dual core-shell wires will be used

in practical applications in the near future.

Keywords: Carbon-Metal Composites, Lightweight, Electrical Cable, CNT, Graphene, Copper
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Solution-Processable Double-Walled Carbon Nanotube Transparent Electrode for
Perovskite Solar Cells
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Double-walled carbon nanotubes (DWNTs) have shown potential as promising alternatives to conventional transparent
electrodes owing to their solution-processability as well as high conductivity and transparency. However, their DC to
optical conductivity ratio is limited by the surrounding surfactants that prevent the p-doping of the DWNTSs. To maximize
the doping effectiveness, the surfactants are removed from the DWNTs, with negligible damage to the nanotubes, by
calcination in an Ar atmosphere. The effective removal of the surfactants is characterized by various analyses, and the
results show that the optimal calcination temperature is 400 °C. The conductivity of the DWNTs films improves when
doped by triflic acid. While the conductivity increase of the surfactants-wrapped DWNT films is 31.9%, the conductivity
increase of the surfactants-removed DWNT is found to be 59.7%. Using the surfactant-removed, p-doped, solution-
processed transparent electrodes, inverted-type perovskite solar cells are fabricated, resulting in a power conversion
efficiency of 17.7% without hysteresis. This work advances the application of DWNTs in transparent conductors, as the
efficiency obtained is the highest value achieved to date for carbon nanotube electrode-based perovskite solar cells and

solution-processable transparent electrode-based solar cells.
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Transmission Electron Microscopy on Magnetic Materials: Magnetic Skyrmion
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Fiber-Shaped Organic Ferroelectric Memories Based on
Nanograined P(VDF-TrFE) Films
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Fiber electronics is a valuable technology for the development of wearable applications, especially for smart textiles.
However, the fabrication of flexible electronic fibers that enable to record and process electrical/environmental signals
generated under various strain conditions remains still challenging. Here, fiber-shaped organic ferroelectric transistors that
can be used as nonvolatile memories and artificial synapses are fabricated on a thin metal wire. A fiber coating technique
using a capillary tube and controlling solution viscosity allows the formation of a uniform ferroelectric nanograined film
on the 1D fiber substrate. The uniform morphology offers excellent memory characteristics and diverse synaptic functions.
The electronic fibers maintained their performance even under mechanical strain. These results will broaden the research

vision for developing smart e-textile, including future personalized health monitors.

Keywords: Fiber electronics, Organic memories, wearable electronics, Organic Ferroelectrics
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2D Single-Crystalline Metallic Nanosheets:
Synthesis, Dimension control and Applications
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Jeollabuk-do, 54896, Republic of Korea; 'Institute of Advanced Composite Materials, Korea Institute of Science and
Technology, Jeollabuk-do, 55324, Republic of Korea; 2School of Chemical Engineering, Chonnam National University,
77 Yongbong-ro, Buk-gu, Gwangju 61186, Republic of Korea; *School of Materials Science and Engineering, Pusan
National University, 2, Busandaehak-ro-63-beon-gil, Geumjeong-gu, Busan 46241, Republic of Korea
(twk@jbnu.ac.kr")

Among the various metallic materials, copper is promising because it is inexpensive, abundant, and highly conductive.
Synthetic methods and growth mechanisms to form various morphologies of Cu nanostructures and their use in various
engineering applications have been intensively studied. The growth of anisotropic metallic nanocrystals is possible
through a slow reduction process, which provides a better chance to overcome the thermodynamically favored reaction
toward the formation of truncated nanocubes or multiple twinned particles due to their intrinsically higher energy
compared with other isotropic shapes. The sophisticated controls on kinetics of nucleation and growth is required. In this
reason, there have been few reports on growth of Cu nanosheets and their practical applications, compare to Cu nanowires.

In this study, we synthesize copper nanowires (Cu NWs) and copper nanosheets (Cu NSs) using a hydrothermal process.
The combination of a mild reductant, stabilizer, and shape modifier allow the dimensional control of the Cu nanocrystals
from one-dimensional (1D) nanowires to two-dimensional (2D) nanoplates. HR-TEM reveals that the prepared Cu NSs
had a single-crystalline structure. From the XPS analysis, we found that iodine plays an important role in the modification
of the copper nanocrystals through the formation of an adlayer on the basal plane of the nanoplates. We successfully
synthesized Cu NSs with an average edge length of 10 pm, and these Cu NSs are the largest copper 2D crystals synthesized
by a solution-based process so far. The application of the metallic 2D crystals as a semi-transparent electrode prove their
feasibility as a conductive filler, exhibiting very low sheet resistance (0.4 €/0) compared to Cu NWs and a transmittance
near 75%. The efficient charge transport is due to the increased contact area between each Cu NS, i.e., so-called plane
contact (2D electrical contact). And also, we observed outstanding electromagnetic interference shielding(EMI SE)

efficiency from the hierarchical porous film with layer-by-layer assembly of 2D Cu NSs.

Keywords: Copper nanoplates, Dimension control, Conductive fillers, Electronic ink, EMI SE
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Stable dielectric properties at high temperature of BaTiO3-(Big 5,Nags)TiO3
ceramics synthesized by hydrothermal synthesis
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Recently great interests of hybrid cars or electronic cars lead to unlimited research about pulsed power system.

The capacitors which are one of the most important components composing pulsed power system exhibit high energy
density and thermal stability in wide range of temperature. Relaxor ferroelectric ceramics are promising materials to
satisfying these requirements for pulsed power capacitors.

In this study, relaxor ferroelectrics, BaTiOs-(Big s, Nags)TiOs (BT-BNT) system is introduced.

The BT which is popular lead-free ferroelectrics has phase transitions at 0°C and 120°C, which causes dramatic change
of dielectric permittivity.

For addition of BNT its phase transition temperature is shifted to higher or lower temperature, and relaxation behavior
was observed that can exhibit stable dielectric properties over a wide temperature range.

Several approaches have been developed to overcome the limitations of the traditional solid state reaction process in
preparing high-purity, ultra-fine BaTiOs, (Biys, Nags)TiO; powder with good chemical homogeneity at lower temperatures.

Among the various preparation methods developed so far, the hydrothermal synthesis has been appeared to be one of
suitable methods for the industrial requirements of BaTiO3,(Biy s, Nag5)TiO; powders.

This method has the following advantages. The moderate temperatures required by this technique not only reduce the
energy cost but also enhance the reactivity of the products and high-purity and single-phase oxides can be obtained at a
relatively fast rate under elevated temperature and water vapor pressure.

The micro structure observed by Fe-SEM and crystal structure and phase formation figured out via XRD.

The dielectric properties such as high temperature dielectric permittivity, loss measured in the wide frequency range.

Keywords: BaTiOs, (Big s, Nay 5)TiO3, Hydrothermal synthesis, High temperature dielectric properties
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Enhancing Electrical Properties of Pb(Zr,Ti)O3; Film Containing Glass Frit
by Aerosol Deposition
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To increase ferroelectric properties of Pb(Zr,T1)O5(PZT), additional process is necessary. Aerosol deposition (AD)
process has been studied for forming coating film at room temperature without any additional heat treatment in low
vacuum. Recently, studies have been made to form a coating film of PZT by the AD method. However, coating films
formed only of PZT have low energy efficiency due to their low film density and dielectric breakdown strength. In this
study, PZT and glass frit(SiO,-AL,O3-Y,03, SAY) were mixed with various volume ratios(PZT-xSAY, x=0, 5, 10vol%)
and coating films were produced on silicon wafers by AD method. Their surface and cross sectional microstructures were
observed by scanning electron microscopy. Polarization-electric (P-E) field hysteresis loops of the coating films at room
temperature were investigated via a ferroelectric tester equipped with a high voltage interface. The results showed that the
microstructure of coating films was formed more dense as glass was added. In addition, depending on the ratio of PZT and

glass frit, dielectric breakdown strength and energy storage characteristics changed.

Keywords: aerosol deposition, Pb(Zr,Ti)Os, glass, electrical Properties
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Effect of LiF on Microwave Dielectric Properties of -CaSiO; Ceramics
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For ceramic substrate technology, Low Temperature Co-fired Ceramics (LTCC) is a widely used process because of its
excellent properties and low cost. One of good candidate materials which can satisfy the requirements of LTCC is f3-
CaSiO;. However, it is not ease to prepare the dense f-CaSiOs with single phase by the conventional solid state reaction
method due to narrow sintering window. $-CaSiO; with single phase and high density can be obtained by glass-ceramics
with 2-step heat treatment, but processing conditions should be controlled carefully. Based on these consideration, -
CaSiO; ceramics with xwt.% LiF (0.0<x<0.8) were sintered at 950°C for 3h by conventional solid state reaction method in
this study. For the B-CaSiO; with LiF content above 0.3wt.%, the densification and dielectric properties were greatly
improved, and B-CaSiO; ceramics with 0.5wt.% LiF showed 97.6% of relative density and Qf value(50,160GHz).
However, the specimens with higher LiF content than 0.5wt.% showed the degradation of Qf value due to the secondary
phase of lithium silicate and abnormal grain growth. Dielectric constant(K) and temperature coefficient of resonant
frequency(TCF) of the specimens are also discussed with LiF content. With the addition of LiF, B-CaSiOj; can be prepared
by conventional solid state reaction method which could be applicable to LTCC process due to good dielectric properties

and low sintering temperature.

Keywords: B—CaSiOs, LiF, Microwave dielectric properties, Densification
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High dielectric and breakdown performances achieved in
MXene@PDA@Pd NPs/PVDF nanocomposites by Coulomb-Blockade Effect

MG 2o, Ak, 282, UXIS, Mg

Slsjestie

(dyjeong@inha.ac kr")

Flexible dielectrics with high dielectric constant (K) and low loss have attracted considerable attention for a wide
range of applications in electronic devices. In the present work, a ferroelectric polymer, poly(vinylidene fluoride-
hexafluoropropylene) P(VDF-HFP) copolymer, was used to fabricate dielectric composite films with high K ceramic
fillers. However, a large amount of the ceramic filler is required to satisfy enough high K of composite film, decreasing
flexibility and economic efficiency. To overcome this issue, Ti3C2 MXene with high K conductive fillers modified with
polydopamine (PDA) and metal palladium nanoparticles (MXene@PDA@Pd NPs) are introduced into a P(VDF-HFP)
copolymer matrix. The PDA coating improves the compatibility between the ceramic MXene fillers and the polymer
matrix. Contrary to the general idea, the ultra-small Pd NPs enhance the breakdown strength and decrease dielectric loss of
the polymer nanocomposites through the Coulomb-blockade effect. This study suggests that a dielectric polymer with
surface-engineered conductive MXene fillers through a Coulomb-blockade effect of metal Pd NPs might be an effective

strategy for high energy storage devices.

Keywords: Coulomb-Blockade Effect, Dielectric polymer, Energy density, Nanocomposite, Nano metal
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Thermal atomic layer deposition of Molybdenum trioxide using
metal organic precursor and H20 reactant

OIFE, FIS1A], ZHS, UISS, o], TaEl
aorhetin
(hjeon@hanyang.ac kr')

Recent days, as the semiconductor transistor scaling down attempt reaches its limit, the importance of researching and
developing next generation field effect transistors (FETs) is getting higher. The attention to next generation FETs is
focusing on the FETs which is based on two-dimensional (2D) materials, like transition metal dichalcogenides (TMDs) or
transition metal oxides (TMOs). Transition metal oxides could be applied to a wide range of technological industry. Many
kinds of TMOs have been researched and studied for their photocatalytic activities and sizable band gaps (MoO3 : 3.2 eV).
Furthermore, a high-K dielectric gate insulator has been investigated to solve the interface issues of 2D(MoS2) based
FETs. Thus, MoO3 as a gate material could be obtained better interfacial characteristics of the devices.

This experimental introduces a method and the best condition of thermal atomic layer deposition for MoO3 thin film. A
4-inch thermal ALD chamber, named Ginitek was used for MoO3 thin film deposition that consisted of a rotary pump for
vacuum system, hot plate for thermal ALD and piping system for precursor / reactant delivery. The rotary pump could
reach a base pressure of 0.0004 torr and process pressure of 0.01970 torr with Ar gas 200 sccm feeding. Substrate were
2-inch Si/Si02 wafer, where the thickness of SiO2 ~300nm. The experimental set temperature of substrate was varied
from 300 to 425°C and the set temperature of precursor and precursor delivery line also had wide rages from 50 to 80°C.
Bubbler type canister was part of the precursor delivery and Ar gas (99.999%) 100 sccm was used as a bubbler gas. The
film thickness and the density of MoO3 thin film were measured by X-ray reflectivity (XRR). The film composition was
confirmed through X-ray photoelectron spectroscopy (XPS) and Auger electron spectroscopy (AES). To obtain the

dielectric constant, C-V data were measured. And the leakage current was checked by I-V measurements.

Keywords: Metal organic precursor, Molybdenum trioxide, Atomic layer deposition
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Dependence of dielectric properties and structural characteristics on
Ca®* substitution for Ba-/Sr-site of (Bao7Sro.3)(Tio.0Zro.1)Os-based ceramics

Eung Soo Kim T, Nak Beom Jo

Department of Materials Engineering, Kyonggi University, Suwon 16227
(eskim@kyonggi.ac.kr")

For various applications of MLCC(Multi-layered ceramic capacitor), the dielectric constant (&,) and breakdown voltage
(V) of BaTiO3-based ceramics should be improved. Dielectric properties of the (Bag7Sro3)(Tig9Zr.1)O5 ceramics were
investigated by the substitution of Ca®" ions for either Ba*" and/or Sr** ions, and evaluated based on the quantitative crystal
structure characteristics by RIR(Rietveld refinement) method from XRD results. With the increase of Ca®" contents, the
specimens of both (Bao7S1o3.xCax)(TigeZro.1)O3 (BSCTZ) and (Bag.7yCay,Sro.3)(TigeZro.1)O3 (BCSTZ) (0 < x, y <0.2)
ceramics sintered at 1550°C for 6h showed the decrease of unit cell volume due to the smaller ionic size of Ca*" ions than
Ba”" and/or Sr** ions, and the diffuse phase transition of tetragonal (P4mm) and the cubic (Pm3m) phase was detected over
the entire range of compositions. The cubic phase fraction of BSCTZ ceramics decreased, while that of BCSTZ ceramics
increased with Ca®" ion substitution. These results can be attributed to the A-site cation size-variance effect and steric
effect, respectively. And also, the dielectric constants (g,) of both compositions were decreased, while the breakdown
voltage (V) was increased with increasing of average B-site bond valence. Optimization of the dielectric properties of

(Bay7Sr93)(TigeZro1)Os-based ceramics were also discussed.

Keywords: BaTiOs-based ceramics, Dielectric properties, Bond valence, Rietveld refinement, MLCC
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Enhanced energy storage property of BigsNag sZrxTi(1.03 through
improvement structural stability in MPB areas and AD method

2o1F, X|8E, 282, 0/3HY, K|S, Mg’

Slsjestie

(dyjeong@inha.ac kr")

The development of the electronics industry has led to an increasing demand for ceramic-based dielectric capacitors
with high energy storage density. The most commonly used lead zirconate titanate (PZT) is known to exhibit stable and
excellent dielectric characteristics by coexisting in morphotropic phase boundary (MPB) with lead zirconate (rhombohedral)
and lead titanate (tetragonal). Although PZT is well known for its good performance, lead-free materials have been replaced
with PZT due to environmental problems with Pb. BigsNaysTiO3(BNT) is a typical lead-free series of ferroelectric with
high saturation polarization but it has a disadvantage that is difficult to maintain stoichiometry because of structural
instability. In order to solve this issue, the improvement of stability and dielectric properties in the MPB region have been
studied through a mixture of BNT(rthomboheral) and Bij sNay sZrO; (BNZ; orthorhombic) such as PZT. In this work, the
thick film of Big sNag sZrcTi(1-xO3 (BNZT; x=0.4, 0.5, 0.6) was fabricated through the aerosol-deposition(AD) method and
the dielectric constant and energy storage performance were measured. AD method is a physical deposition method based
on particle collisions that enables ceramic coating at room temperature. AD process is enabled the enhancement of energy
storage capability by forming a dense film with nano-grain. This study suggests that AD method could be applied to

various applications such as electrical vehicles and mobile devices.

Keywords: MPB, Bij sNay sZr,Ti,.\Os, Lead-free ferroelectrics, Aerosol deposition, Energy storage property
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Highly Textured Lead-Free Piezoelectric Ceramics
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Effects of crystal structure on microwave dielectric properties of
(Zn14Niy)2-,Si04.y (0.00<x<0.10, 0.00<y<0.30) ceramics

Nak Beom Jo, Eung Soo Kim*

Department of Materials Engineering, Kyonggi University, Suwon 16227
(eskim@kyonngi.ac.kr")

Zn,Si0, with willemite structure reported an excellent quality factor (Q x f), 219,000GHz of microwave dielectric
properties. However, it is very hard to obtain the stoichiometric Zn,SiO, composition ceramics with single phase by the
solid-state reaction method at various sintering conditions, which deteriorate the microwave dielectric properties of
Zn,Si04 ceramics, especially quality factor (Q x f). Therefore, non-stoichiometric composition of Zn,SiOs.y (0.00<y<
0.30) was investigated to obtain Zn,SiO, structure with single phase in this study. Also, dependence of microwave
dielectric properties of Zn,SiOy structure on Ni*" ion substitution for Zn>" ion of (Zn;1xNiy)2.yS104.y (0.00<x<0.10, 0.00<y<
0.30) composition was studied. The crystal structure of these substitution compositions with single phase was analyzed by
RIR (Rietveld-refinement) method from XRD results, and the effects of structural characteristics on microwave dielectric
properties of (Zn;«Niy)».yS104.y (0.00<x<0.10, 0.00<y<0.30) ceramics. High quality factor (Q x f) of 265,800GHz was
obtained for the specimens sintered at 1300°C for 3h with (ZngsNigs)18S10ss composition. The relations between

microstructure and microwave dielectric properties are also discussed.

Keywords: Microwave dielectrics, willemite, quality factor, crystal structure, non-stoichiometry
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Enhanced dielectric properties with stress relaxation of Shape Memory Alloy
substrate through Aerosol-Deposition Method

LA XIMY, 27, 0[5, UX|S, HrHg'

Slsjestie

(dyjeong@inha.ac kr")

With development of electrical industry, demand for a ceramic based capacitor with high energy storage density has
been increased gradually. Many researchers have been studied to obtain high energy density, decreasing the film thickness
through Sol-gel method, spin coating and so on. However, thin films are vulnerable to high voltage required to
applications. Nanograined lead-free 6Bi0.5Na0.5TiO3(BNT)-4Sr0.7Bi0.2TiO3(SBT) thick films were deposited on
substrate using an aerosol deposition (AD) method. The AD method based on particle’s physical collision can fabricate
dense film on substrate at room temperature without additional sintering process which is usually required to ceramic
materials. Even though, the AD method has many advantages, there is a critical issue which is generated residual stress
between the ceramic film and substrate. Annealing process is inevitable to release residual stress. This annealing process,
however, induce exfoliation when the coefficient of thermal expansion (CTE) between the film and substrate is different.
To solve this issue, shape memory alloy (SMA) substrate is introduced. As a result, the dielectric properties of the AD
films are improved by reducing residual stress. This study suggests residual stress relaxation of AD film through SMA

substrate could improve the dielectric performance.

Keywords: aerosol deposition, shape memory alloy, BNT-SBT, lead-free, dielectric, energy storage property, relaxation,
stress
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Demineralized bone matrix and Tri-Calcium Phosphate loaded DBM hydrogel for
bone regeneration

Hoe-Jin Kang, Seong-Su Park’, Byong-Taek Lee>’

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; 'Department of
Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea; “Department of
Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan,
South Korea
(87jinny@gmial.com”)

Decellularized-demineralized bone matrix (DBM), which contains a wide array of growth factors and cytokines, has
been used as a bioactive matrix to promote bone regeneration. However, it requires ancillary material for the extensive use
of clinical applications. Herein, we presented demineralized bone matrix particles (DBM) and tri-calcium phosphate
powder (TCP) loaded DBM hydrogel (hDBM) scaffold for bone regeneration. Microstructures and morphologies of
hDBM, DBM loaded hDBM (hDBM/DBM) and DBM and TCP loaded hDBM (hDBM/DBM/TCP) scaffolds were
characterized by SEM. In-vitro studies showed that hDBM/DBM/TCP scaffold was biocompatible and could promote
osteogenesis by up-regulating the expression of COL-1, OPN, and Runx2 bone-related genes. But unexpectedly, in-vivo
studies using the rabbit-femur defect model revealed that the implanted hDBM/DBM/TCP scaffold was shown a similar
pattern to fibrous dysplasia while DBM and TCP granule loaded hDBM scaffold (hDBM/DBM/TCPg) showed good bone
formation. Loading TCP granules into DBM hydrogel instead of TCP powder was an effective way of modification of
DBM hydrogel promoting bone regeneration.

Keywords: Decellularized-demineralized bone matrix, tri-calcium phosphate, bone regeneration
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Hemostatic activity of thrombin loaded plant derived oxidized
nanocellulose-gelatin based scaffolds

Md Sowaib Ibne Mahbub, Byong-Taek Lee" "

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan-31151, Republic of
Korea; 'Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan-31151,
Republic of Korea;Institute of Tissue Regeneration, Soonchunhyang University, Cheonan-31151, Republic of Korea
(Ibt@sch.ac.kr")

During different surgery, transplantation or post-surgical hemorrhage and severe bleeding in traffic accident are the
main reason for trauma death. Excessive bleeding control is much important in surgery or any other trauma injury. In this
work, TEMPO-oxidized nanocellulose (TOCN)/ gelatin (G) composite sponge was successfully prepared in co-operation
with thrombin (Th) and their use as hemostatic material was investigated. Fourier transform infrared (FTIR) spectra
confirms the presence of carboxyl group on TOCN surface and incorporation of gelatin and thrombin in the composite.
Physical characteristics of the composites were observed where uniformity, porosity, water absorption ability, swelling
rate, degradation behavior had relationship with the percent gelatin incorporation. Among the samples TOCN 2.5G-Th
composite sponge had excellent hemostatic effect, lowest hemostatic time and lower blood loss in liver avulsion model. In
addition, hemocompatibility and cytocompatibility of these sponges were also evaluated where addition of thrombin did
not hamper any of the assay. In fact, thrombin enhances blood coagulation and blood cell aggregation with the prepared

sponges compared with other non-thrombin loaded hemostatic sponges.

Keywords: Hemostate, Tempo Oxidized nano cellulose, Thrombin
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Injectable and moldable irisin loaded bioglass alginate system for bone
regeneration

Magsood Ali, Byong-Taek Lee" "

Department of Regenerative Medicine, College of Medicine, SoonChunHyang University SoonChunHyang University
366-1, Ssangyoung-dong, Cheonan-City, ChungCheongNam-Do, 31151, Korea; 'Department of Regenerative Medicine,
College of Medicine, Soonchunhyang University, Cheonan-31151, Republic of Korea; Institute of Tissue Regeneration,

Soonchunhyang University, Cheonan-31151, Republic of Korea
(Ibt@sch.ac.kr")

Bone injuries results in different movement related complications, which needs high functional grafts with growth
factors and delivery systems. To overcome the problems methodologically, regenerative medicine developed and
improved certain biomaterial and strategies. This project tries to provides an optimal injectable and moldable system for in
vivo repair of large bone defects. The system consists of bioglass, growth factor Irisin and alginate as a carrier. Delivery of
bio-glass and irisin along with in the carrier seems the best strategy for bone regeneration. The optimized bio glass
confirmed as the contents of 45S5 bioglass. 90 % (120 to 150 um) porosity generated. Degradation and pH behaviors
shows more than 70% within a week around the pH 7.4. MC3T3E2 osteoblasts showed the significant cells growth and
calcium deposition in day 3 by Alizarin staining at 120ng/ml of Irisin loaded on bio-glass. SEM reports showed the loaded

irisin and MC3T3E2 cells elongation and adhesion in pores after loading Irisin.

Keywords: Bioglass, Irisin, alginate, porosity, osteoblast
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Cellulose Nano Crystal Reinforced Ca/P Based Injectable Bone Substitute with
Enhanced Biocompatibility

Garima Tripathi, Byong-Taek Lee"’

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; 'Department of
Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan,
South Korea
(Ibt@sch.ac.kr")

Injectable bone substitutes showed great potential as bone tissue engineering scaffolds for their better biocompatibility,
injectability and interconnected porosity which favors loading bioactive substances. Now a day’s usage of cellulose as an
alternative candidate to synthetic polymers might allow the decrease of environmental impacts by attaining more simply
biodegradable or reusable materials. Lately, cellulose nano crystals (CNC) are synergistically attached to functional
materials to achieve better performance. CNC, can be obtained through a mechanical or chemical treatment on plant cell
walls, having a low density and a high specific surface area and shows high tensile strength and elasticity. These
characteristic features of CNCs are attracting researchers to use as a reinforcing agent to increase the strength of composite
materials. The current article presents the trials for preparing CNC/CaP hybrid materials and offer prospects for many
applications in tissue regeneration. In the present study we described a method to produce an injectable bone substitute
consisting of a solid and liquid phase, the solid phase is formed using mixture of CNC laden beta-tricalcium phosphate
(B-TCP). The characterization of the composite was performed by FTIR spectroscopy, X-ray diffraction, scanning electron
microscopy and mechanical behavior using UTM. In vitro biological evaluations have also been conducted to confirm the

bio-ability of the developed bone substitute.

Keywords: cellulose nanocrystal, B-TCP, brushite
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In-vitro and in-vivo characterization of Ca-Sr-P/PLA-HAp coated Mg-Zn alloy for
the orthopedic bone fixation

Seongsu Park, Byong-Taek Lee"T

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
'Department of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang
University, Cheonan, South Korea
(Ibt@sch.ac.kr")

Most materials of the bone fixation device are used by stainless and titanium alloy. But these materials occur stress
shielding problems that need to removal operation by a year. Therefore, Magnesium alloy based biodegradable bone
fixation device is developed. But Mg-based material have a limitation that generates a critical amount of hydrogen gas,
which can occur embolus. In this study, Ca-Sr-P/PLA-Hap coated Mg-Zn alloy based bone plate was developed for
biodegrading rate control. Especially, the Microstructure and composition of Ca-Sr-P/PLA-Hap coated Mg-Zn alloy plate
were evaluated by SEM, EDS, XRD, and FTIR. And, hydrogen gas generation rate and pH variance by biodegradation.
Furthermore, cell viability and proliferation were evaluated by the MC3T3-E1 cell line. And In-vivo biocompatibility was

performed by rabbit for a month. image and histological analysis were observed by micro-CT and H&E staining.

Keywords: Magnesium Alloy, PLLA, bone regeneration, hydroxyapatite, bone plate

121
[



2021A= SHEMRSHS| EA St

Dense 3YSZ Microspheres from Spray-Dried Granules
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In general, it is challenging to attain dense granules via spray drying even after heat treatment, which is probably due to
the organic components used for preparing initial slurry. In this study, we demonstrated a rational method to produce 3YSZ
granules and subsequent highly dense microspheres through appropriate heat treatment. For high density, the initial
aqueous suspension contained maximum contents of solid loadings together with minimum amounts of organic additives.
The processing parameters were controlled to manipulate structural features (size, sphericity, etc.) of granules. The
microspheres heated at 1400 °C showed superior micromechanical properties compared to the 3YSZ reported to date. In
this talk, we will briefly introduce the stepwise approach for achieving dense microspheres by transforming tailor-made
granules. In addition, we will compare the mechanical properties of microspheres depending on the heat-treatment

temperature.

Keywords: Granules, Ceramics, 3YSZ, Spray-drying, Microspheres
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CoFe,0, prepared by metal-organic decomposition for higly efficient oxygen
evolution reaction of water splitting

Kyung-Hwan Kim, Yun-Hyuk Choi '

Advanced Materials and Chemical Engineering of Daegu Catholic University

(yunhyukchoi@cu.ac.kr")

Cobalt ferrite (CoFe,O4) has attracted attention as a promising electrode material with a high catalytic activity for the
anodic oxygen evolution reaction (OER) through electrocatalytic water splitting. In this work, the novel solution route
based on metal-organic decomposition (MOD) process is successfully developed for a facile preparation of CoFe,O,. It
was thermally calcinated at various temperatures ( 300 - 450 degree C) in an air-tube furnace. It is significantly found that
a drastic cation redistribution in active sites within the spinel structure of 450 degree C - calcinated CoFe,O, leads to the
dramatic enhancement OER activity, including an overpotential of 359 mV at 10 mA/cm” and a Tafel slope of 53.8
mV/dec in 1 M KOH aqueous solution. Based on this work, a design principle of the MOD solution process developed can

be applied to preparation of a greater variety of compositions.

Keywords: Cobalt ferrite, Metal-organic decomposiotion, Electrocatalyst, Oxygen evolution reaction
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Solution-Based Synthetic Methods for Two-Dimensional Metal Chalcogenide
Nanomaterials with Heterostructures
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To date, various solution approaches have been extensively investigated for preparing anisotropic nanomaterials with
1D and 2D morphologies. Among them, metal chalcogenides have garnered attention owing to their superior properties. In
particular, heterostructuring composed of dissimilar metal chalcogenides has received great attention due to their diverse
potential advantages and desired properties that cannot be attained using each single component. Consequently, synthetic
approaches are crucial for design of 2D architecture, because the resulting functions are highly related to the structural
features such as architecture type, composition, spatial arrangement of each component, crystal structure, exposed facet
and interface, dimensionality, etc. In this talk, we will introduce the recent progress on the solution-based synthetic
approaches to prepare various 2D metal chalcogenide nanomaterials with heterostructure on the basis of growth
mechanism. We will also talk about the discussions on the challenges to be investigated during synthesis, at the end of the

presentation.

Keywords: Solution-based Synthesis, Metal Chalcogenide, Two-dimension, Heterostructure
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Protein-based Architectures by 2D Shape-controllable Building Blocks and
Cationic Molecular Switch
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Cyrus R. Safinya', ZZIF, 284, 2|0l ST, SHZ, 0|4, Junichi Tanaka?, AL, Z|/HA'
KAIST; 'UCSB; *University of the Ryukyus
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Tubulins are protein building blocks that are naturally preprogrammed to assemble into cytoskeletal microtubules
(MTs). MTs undergo dynamic transitions in structure for important cellular functions (e.g., cell division), which are
achieved by 2D conformational changes of tubulins. We used cationic polymers as a molecular switch, which
electrostatically interact with tubulins and alter their conformations, and controlled higher-order tubulin assemblies.
Synchrotron small-angle X-ray scattering (SAXS) and transmission electron microscopy (TEM) reveal the tubulin-based
architectures in nanoscale — especially, tubulin double helix structure. These findings provide insight into the design of 1)
protein-based functional materials that keep intrinsic properties of tubulins such as a high binding affinity with
MT-associated proteins or anticancer drugs or 2) metallization templates for nanoscale electronic devices. (J. Lee et al.,

Small, 2020 (cover issue), J. Lee et al., Advanced Materials, 2020 (cover issue))

Keywords: microtubule, tubulin, protein nanotube, self-assembly, SAXS, TEM
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Nanocrystallization Strategies for Improving Stability of Perovskite Solar Cells
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Perovskite solar cells have attained tremendous interest due to their skyrocketing power conversion efficiency to 25.2%
recently, becoming comparable to commercial silicon photovoltaics. However, there are still stability issues to be
overcome for commercializing perovskite solar cells. Nanocrystal engineering can be one of the most effective strategies
to improve the stability of perovskite devices. In particular, inorganic perovskite nanocrystals (NCs) have shown good
potential as an emerging semiconducting building block owing to their excellent optoelectronic properties. In this work,
we report a facile method for nanocrystallization of inorganic perovskite materials. We introduced the reprecipitation-
based synthesis method, which facilitates the perovskite crystallization and leads to high chemical yield and stability. We
believe our work would provide a widely utilizable method and an enormous promise for perovskite-based optoelectronic

applications.

Keywords: Nanocrystal, Perovskite, Solar Cells
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Insulin secretion analysis of Isolated pancreatic cells cultured on
decellularized kidney Extracellular Matrix (ECM)

Minji Choi, Byong-Taek Lee" "

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
'Department of Regenerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang
University, Cheonan, South Korea
(Ibt@sch.ac.kr")

Recently, extracellular matrix (ECM) has been attracted for regeneration of pancreas due to the increasing of end stage
of diabetes type 1 patients. Pancreatic beta-cell is the main insulin secretion factory in the body and the fail of beta-cell
induces the breakdown of controlling blood sugar system. Thus, diabetes disease confuses the reaction and operation of the
overall body endocrine system, eventually leading to various complications in the human body. In an effort to treat
diabetes, even though many researches have been reported concerning on the implantation of beta-cell into hepatic portal
vein and under the renal capsule, but these approaches have been recognized as a temporal treatment. In this study, we
made the isolation of pancreatic cell from rat pancreas. For the basic study on the pancreatic cell attachment and
proliferation behavior, we made kidney ECM slice by the decellularization process and pancreatic cells were seeded on the
decellularized kidney and pancreas ECM slices as well as 3D printed PCL scaffold as a negative control, to figure out the
possibility of kidney ECM for artificial pancreas.

For isolation of pancreatic cells, pancreas was extracted from Sprague dawley male rats and digested by collagenase P.
Pancreatic islets were separated by histopaque concentration gradient and expanded in the developed pancreatic cell
growth media. Expanded pancreatic cells were analyzed by flow cytometry and confirmed the existence of pancreatic beta
cells. For the culturing of pancreatic cell on acellular scaffolds, rat kidneys and pancreas were extirpated from sprague
dawley male rats and decellularized successfully with 1% SDS and 1% triton X-100. Decellularized scaffolds were
analyzed by histopathological staining.

Isolated pancreatic cells were cultured on the ECM slices and PCL scaffolds at 37°C and 5% of CO2 humid conditions
for 3 days, 1 week, and 2 weeks. Distribution of isolated pancreatic cells on kidney ECM as well as cell attachment and

proliferation of beta cell were investigated by the fluorescence microscope and also bio-molecular analysis.

Keywords: Pancreatic cell, Kidney, Extracellular Matrix, Decellularization, Recellularization
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Improved Triboelectric Nanogenerator Performance of Patterned Membranes
Fabricated by Phase-Inversion Process

Geon-Ju Choi, Sang-Hyun Sohn, Il-kyu Park

REE R ]
(pik@seoultech.ac kr')

The importance of energy harvesting is being emphasized as the Internet of Things (IoT) technology evolves.
Accordingly, energy harvesting devices are required to harvest energy in an environment-friendly method as well as to
reduce weight and minimize size. Representative energy harvesting technologies for converting mechanical energy into
electrical energy include Piezoelectric Nanogenerator (PENG) using piezoelectric effects and Triboelectric Nanogenerator
(TENG) using triboelectric effects. However, TENG technique generates a larger voltage and current than PENG. The
output performance of TENG can be improved in two ways. First, the greater the difference in electron affinity between
the two materials constituting the TENG device, the better the performance. Another way is to increase the contact area
between the tho materials. Therefore, in order to increase the contact area, micro- or nano-patterning is performed, or it is
fabricated in the form of nanofibers using electrospinning. The most common process for patterning on the surface is to
cast a polymer solution into the patterned mold and then cure and peel it off. In this process, the curing takes a long time,
and the membrane can be damaged easily during the exfoliation from the substrate. In this study, we report a facile and
very fast pattern-formation technique by a modified phase-inversion process. The TENG performance was improved by
fabricating PVDF and Nylon 66 as a pyramid-patterned membrane by phase inversion process. The pyramid-patterned
membrane not only increased the surface area, but also caused a sliding mode, one of the TENG operating modes, during

contact, resulting in improved TENG performance.

Keywords: Energy harvesting, Triboelectric Nanogenerator (TENG), Phase inversion
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Colloidal Ni,P Nanocrystals Encapsulated in Heteroatom-Doped Graphene Nanosheets:
A Synergy of 0D@2D Heterostructure Towards Overall Water Splitting

Umesh Suryawanshi, Kim Jin Hyeok '

Chonnam National University
(jinhyeok@chonnam.ac.kr")

Transition metal phosphides (TMPs) nanostructures have been extensively studied for hydrogen evolution reaction
(HER) and oxygen evolution reaction (OER). However, a phase-controlled synthesis of colloidal Ni,P nanocrystals (NCs)
or related heterostructures remains challenging and their use as a bifunctional electrocatalysts in overall water splitting
(OWS) is not systematically studied. Herein, zero-dimensional (0D) colloidal Ni,P NCs are synthesized using a robust
solution-phase method and encapsulated in two-dimensional (2D) N- and S-doped graphene (NSG) nanosheets via a facile
ex-situ sonication to form 0D@2D Ni,P@NSG heterostructure. The interaction between the surface functionalities of Ni,P
NCs and defective NSG via the strong van der Waals force provides a robust sheath to Ni,P NCs when encapsulated in
NSG nanosheets, further enhancing the specific surface area and active sites exposure. Density functional theory
calculations indicate that the dual interaction of N, and S dopants with the Ni,P benefits the coordinative effect of the
optimized water and hydrogen free energy adsorption. As a result, Ni,P@NSG electrocatalysts manifest high catalytic
activity towards HER and OER, and a two-electrode alkaline electrolyzer assembled by Ni,P@NSG as both anode and
cathode requires only 1.572 V to reach current density at 10 mA/cm®.

Keywords: 0D@2D heterostructure, Ni>P nanocrystals, heteroatom-doped graphene, nanosheets, overall water splitting
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Boron Doped Polysilicon Using Spin-on Process for Passivated Emitter

A X ool = 1 =12,
23S HST U 2ST 22D, oY, ASE

(jenniek2001@korea.ac.kr'")

Due to the increase in wafer quality, much of the efficiency loss comes from the recombination at the emitter and metal
silicon interface which leads to the importance of passivation. By using boron-doped poly-Si/SiOx as a front contact less
parasitic absorption will happen compared to amorphous silicon and at the same time decrease recombination loss. In this
study boron-doped poly-Si by using spin-on dopants (SODs) is proposed. The advantages of using spin-on dopants are
easy doping of boron without toxic substance needed, controllable doping concentration, and cheap cost. High-temperature
diffusion is done in a furnace after the application of the boron source on the poly-Si/SiOx structure. Here, the growth of
SiOx was fixed to wet-chemical growth, and variation was given at the diffusion temperature, boron source concentration,
and poly-Si thickness. The boron concentration in the poly-Si and the amount of diffusion into the silicon was checked
with the SIMS profile and the passivation quality was characterized by using parameters such as Jo and iVoc from the

QSSPC to optimize the boron-doping process of poly-Si through SODs.

Keywords: Boron, emiiter, spin-on doping, passivated contact
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Ensemble Design of Electrode —Electrolyte Interfaces:
Toward High-Performance Thin-Film All-Solid-State Li —Metal Batteries
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Current TF-ASSBs suffer from the perpetual necessity of high-performance battery components. While every
component, a series of a TF solid electrolyte (i.e., lithium phosphorus oxynitride (LiPON)) and electrodes (cathode and Li
metal anode), has been considered vital, the lack of understanding of and ability to ameliorate the cathode (or anode)—
electrolyte interface (CEI) (or AEI) has impeded the development of TF-ASSBs. In this work, we suggest an ensemble
design of TF-ASSBs using LiPON (500 nm), an amorphous TF-V,0s_ cathode with oxygen vacancies (Oyacancy), @ thin
evaporated Li anode (evp-Li) with a thickness of 1 pum, and an artificial ultrathin Al,Os layer between evp-Li and LiPON.
Well-defined Oyucancy Sites, such as O(ID)yacancy and O(I)yaeancy, in @amorphous TF-V,0s- not only allow isotropic Li"
diffusion at the CEI but also enhance both the ionic and electronic conductivities. For the AEI, we employed protective
AL O3, which was specially sputtered using the facing target sputtering (FTS) method to form a homogeneous layer
without damage from plasma. In regard to the contact with evp-Li, interfacial stability, electrochemical impedance, and
battery performance, the nanometric Al,Os layers (1 nm) were optimized at different temperatures (40, 60, and 80 °C). The
TF-ASSB cell containing Al,O; (1 nm) delivers a high specific capacity of 474.01 mAh cm—3 under 60 °C at 2 C for the
400th cycle, and it achieves a long lifespan as well as ultrafast rate capability levels, even at 100 C; these results were
comparable to those of TF Li-ion battery cells using a liquid electrolyte. We demonstrated the reaction mechanism at the
AEI utilizing time-of-flight secondary ion mass spectrometry (TOF-SIMS) and molecular dynamics (MD) simulations for
a better understanding. Our design provides a signpost for future research on the rational structure of TF-LIBs.

Keywords: Thin-film batteries, vanadium oxide-based cathodes, LiPON, facing-target sputtering, lithium evaporation
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NASICON-type LAGP Ceramics with CVD grown 2D MoS2 Interlayer for
All-solid-state Lithium Metal Batteries
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Interest in batteries, which is the most important factor determining the performance of electric vehicles, is increasing.
In line with these demands, All-solid-state batteries (ASSB) with higher energy density and higher stability have recently
begun to attract attention. The key of ASSB is high quality solid-state electrolyte. NASICON-type lithium aluminum
germanium phosphate (Li1.5A10.5Gel.5(PO4)3, LAGP) is regarded as one of the most promising solid electrolyte due to
good chemical stability with Li. However, a number of recent studies have raised the awareness behind the issues of mixed
conducting interphase (MCI) forming between LAGP and Li interface due to the degradation of ionic conductivity and
fracture of LAGP with volume change during cycling. In this study, we made dense LAGP ceramics via modified
pressureless sintering; in addition, partially reacted LAGP powders were prepared to analyze the sintering kinetics.
Subsequently, we prepared MoS2 coated LAGP composite with various fabrication methods including MoS2 polishing,
arranging exfoliated MoS2 nano-sheet, and applying vertically-aligned MoS2 by CVD growth. Therefore, Li ions are
effectively intercalated into MoS2 layers to form a lithiophilic interface, which prevents the formation of MCI. It is our
goal to establish an approach of designing a lithiophilic interface with 2D materials for high performing all-solid-state

lithium metal batteries.

Keywords: Solid-state electrolyte, 2D material, All-solid-state battery
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Microstructural Analysis on the Electrochemical Behavior of as-cast and
T4 heat-treated AlSi10MnMg alloy
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In marine applications, large-scale engineering components is fabricated by nickel-aluminum bronze(NAB) alloy
casting which has critical problems such as pollution, porosity, coarse microstructures and reduced mechanical properties
in thick sections. Meanwhile, the wire-arc additive manufacturing(WAAM) come to the fore as one of the alternative
manufacturing processes. Compare to the casting, it is more economical due to it saves machining loss and delivery time
and also is possible to make complex components without pollution issues. In this study, two of commercial NAB wire had
been additive manufactured on the CAC703 substrate to compare the additive manufacturability as a fundamental
research. The precedent bead-on-plate(BOP) test were conducted with different process parameters of current, voltage and
welding speed which are directly connected with heat-input. Subsequently, each wire was additive manufactured and

analyzed. The samples were analyzed by the OM, SEM and EDS, as well as mechanical properties.

Keywords: nickel-aluminum bronze(NAB) alloy,wire-arc additive manufacturing( WAAM),casting, manufacturability,
CMT(Cold Metal Transfer)



20213 St=xH=5ts| FEAStarh3)

D-3

Influence of Bifilm on the Mechanical Property of A356 alloy with
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The combined effects of nickel coating and heat treatment on
interfacial microstructure of aluminum-iron (Al/Fe) hybrid structures
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FeCrV 52 97t 45, 844 12]a Yl o2 Qs ASAl At oM 724 et 9 75
da] ARg-E a1 Qlek 31A]9) DED (Directed Energy Deposition) S 53 215 214 of| A &|o] #]of] 25t ‘ﬂ%
o[zt 71AA BAE Bt Al shH, ASH FE2 7IAH BAS VIS FEEG W2 g It 2 A
A E4= A7 .,4—0‘]-04 DEDZ 53l 255 FeCrV ol AA-glwg A5 53t on UW]
WA Ao} o147 E o] £314 9] ATTAIS XRD, SEM, EPMA, ~12] 1 EBSDS 0] 8-310] 745kic}. 4
00.4%0] A AHLFo|E ARS. 1% qu— E35) nfZElrlo| E AFo 2 WEjalo] 4.80%TF 2HEa1e] o, o] 3F o)A
__[_32]_/]\_]__ %EHL oeﬂx%a] kAo kel =i oi=rd N /\]7]7\] o}o]—q. o:lﬂg] z]rz%oﬂ/q ﬂ]r__@ﬁ]./\}q]g U]—EEﬂ/\]—o]E Ako Eﬂ_qc o}
2EIAPo| E Ao 2 Helsto] 22 Ao mAIRE -4 o kg SekeS A Esil e, 2R EA o T &g vk
ok 19 9] A g8kEe] FAEk 1 A3, DEDE A2 FeCrV 9] == 659 (+18.7) HV oA 773
(£3.33) HVZ 2F 17% =715 o., Q17 E = 570.6 (£21.5) MPa to 848.1 (+47.7) MPaZ AT 122 Q15T
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Influence of Si atom on residual stress, lattice strain, and coefficient of thermal
expansion (CTE) of Al-12Si alloy produced by selective laser melting (SLM)

FUL WP AREAL AR D A B, 0 404 03 g e AR A S 98 A
uj o] e S 0] aEITk AR o AL Bl 1S o Zo] o] ol X3 QAT AR thE Wik o] ofFt 5
{9 ol S 551 AR Tefol, oA S G ol B S /1o 27 st 94
oA 0 o EAE e BOHAIAS Tk webA YjRg o) oﬂé@%w 171 7| R A A

7], 1%

of Tt Q1T O} O AT A Qo A= 1185 8 Ul 2Ja) WAE z%xm s au WS iotel]
213l 4=38 =] STt Selective Laser melting (SLM)-5-4 2.2 A|2HE Al-12Si 3] T2 540°Coll A 1, 7, 26 A7 529t
AR T kit e SA A miAl2A] 412 918 XRD, SEM, EBSDE ARE-5FG1 o.n 21 Aut HE AJH
A= o5 A SElo] Yehgton, AA S RYskA] 902 Al O] b8 g2 7S =0Tk o] SLM 57 h
S HAEER QI8 Al tfER] 2 Yo Si7} TLobel A = HolQlA| Ho] St AR =2 sl 7] wizoltt. o]

Y Ao A= G Alto] S71gtel wheh AR-6-2 2 A7) = st ol TR A=
A 2] ARte] BEQt A& 245 Si A7 57 Hof AR P ¥ 7851917 W2tk Thermomechanical
Analysis (TMA)E &3l Si 31§10 whE FYHAISCTE) 2] HokE 2413k 23} Th291d Si 282} v|AIRE Si 44}
= {13} S00K v]Rtefl A= EA21E H3YSHA] ob2 AT S| CTEZF 71 @A vl T3l GA]2] Agto] S71etof w)
2} CTE= 743192t o)== Si 828 YA}o] Z71e) 7]22] )| ufj o]t} Nano-hardness testE =431 21} w2 5}=
Si2} Orowan strengthening © & <13} A2 2]S XaY5}A] k& A|HO] A w7} 714 =9k o], 32| & AJHEQ] 7 9o
<= Orowan strengthening 7} gt 24 H 0= QI3 AA| 2] AJ7ko] F7igtol| uhe} =7} shtsi gl
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Hydrothermal Synthesis of La**-doped BaTiO; and Investigation of
Incorporation Behavior after Heat Treatment

M7 058, U=

KAIST
(dkkim@kaist.ac.kr")

Barium titanate (BaTiO;) is a typical ferroelectric material which used for various electronic devices such as MLCC.
The particle size of BaTiOs is required to decrease lower than 100nm due to miniaturization of devices. However, “size
effect” of BaTiOj; have limited the miniaturization and improvement of dielectric properties. Thus, many researchers have
focused to enhance the dielectric properties by doping the various element. In this study, we synthesized La**-doped
BaTiO; nanoparticles by hydrothermal method with various size by controlling the pH condition. It is well known that La**
incorporates into Ba site and enhances the permittivity as decreasing the grain size. Incorporation Behavior of dopant was
also investigated by comparing the lattice parameter after heat treatment under various temperature for diffusion of La*"

ion into core BaTiOs lattice. It is believed that this study can lead to the potential of high volumetric efficiency of MLCC.

Keywords: La’* doped BaTiO;, BaTiO; nanoparticle, Hydrothermal synthesis
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Solution-processed metal-oxide dielectrics doped with metal-ion for
wearable temperature sensors

HEARE MZS SHENET

o =
A I

(taejunha0604@gmail.com’)

Researchers have shown increasing scientific and technological interests in wearable temperature sensors which can
monitor body temperature in real-time [1]. Recently, wearable temperature sensors based on solution-processed metal-
oxide dielectric films with a high dielectric constant (high-k) have been intensively investigated due to their low voltage
operation, large deposition-area and good thermodynamic stability [2]. However, there is still the quality issue of dielectric
films fabricated by solution-process technologies, which can affect the sensing performance of temperature sensors [3]. In
this presentation, we will demonstrate high-quality metal-oxide dielectrics fabricated by solution-process for high-
performance wearable temperature sensors. The introduction of metal-ion doping improved the dielectric characteristics of
metal-oxide dielectrics and the sensing performance of wearable temperature sensors. We will also discuss the origin of
such advances by investigating the mechanism of metal-ion doping for sol-gel based metal-oxide dielectric films. We
believe that this study is expected to significantly contribute to the field of wearable temperature sensors consisting of
solution-processed metal-oxide dielectrics.
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CNT-Pd modified Cu,0 supported on Nickel foam as an efficient electocatalyst for
hydrogen evolution reaction

Vishal Burungale, Hyojung Bae', Pratik Mane, Hokyun Rho?, Jun-Seok Ha® '

School of Chemical Engineering, Chonnam National University; 'Optoelectronics Convergence Research Center,
Chonnam National University; “Energy Convergence Core Facility, Chonnam National University; *Chonnam National
University
(jsha@jnu.ac kr')

In recent times, a variety of carbon nanostructures along with different well-established catalysts are being used in the
field of water splitting for improving the catalytic performance. In the present study, Single-Walled Carbon Nanotubes
(CNTs) along with Pd were sprayed over the surface of electrodeposited Cu,O. The structural characterizations of the
deposited material were performed using X-Ray diffraction and X-Ray Photoelectron spectroscopy while scanning
electron microscopy and Energy Dispersive Spectroscopy were used to examine the surface morphology and elemental
mapping. The electrocatalytic performance of Nickel foam supported Cu,O was significantly improved after this surface
modification with CNTs and Pd. The improved performance is mainly attributed to the enhanced charge separation and
charge transportation at the electrode-electrolyte interface due to the presence of CNTs. In addition to this due to the
porous structure formed by the network of CNTs, the dispersivity of Pd nanoparticles over the electrode surface was also

improved.

Keywords: CNTs, Pd, Cu,O, Hydrogen evolution reaction, electrocatalyst
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Solution-processed and self-powered photodetector in vertical architecture using
mixed-halide perovskite for highly sensitive UVC detection

gt ZIAm Nguyen Huyen

Mgl et
(bark@gachon.ac.kr")

In this study, a self-powered lead-halide perovskite-based deep-ultraviolet (UV) photodetector was prepared using a
solution process. A heterojunction of mixed (FAPbI3)0.97(MAPbBr3)0.03 perovskite was utilized as the photo-absorber
layer, and spiro-OMeTAD was utilized as the hole injection layer in a vertical structure. The device exhibited an
outstanding on/off photocurrent ratio of more than 103, a good responsivity of 52.68 mA W—1, and a high detectivity of
4.65 x 1011 Jones under 254 nm UV illumination without an external bias. Moreover, the detector demonstrated superior
stability while retaining a quick response speed after three weeks of storage in ambient air without encapsulation. Thus, the

present study has developed a promising photodetector for several applications in the deep-UV region.

Keywords: Pervoskite, UV sensor, self-powered
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QIAISFELA(CO EAAF Q1710] 27 7H4] 8 2 glom, QlAloll B4Ew AAISEhs S50 2 ols) Ab7iA] o] 2
2= Qi o]8J3t 8- 7EAS Z 7)o A 5H] Yl = CO 71 AlA Q) 7o 2 dlth. WS, nanosheets(NSs) 2} 22
DA Al S8 U, A OIS S A W 9l afolel d PRI B AT o] s 2%

1o 3T

opoll A= ARG E A, SRR BIg) Asol FERE Do) ek whebA & Aol A= WS, NSs o] Augt
n,0; e A5 3502 7153fsto] 7k A S A% ﬂﬁil’% Bk 'Wi =1-7V O HAYE 7ksh= AP E 2219
A S4& A8k oH, 6.2 VOl CO 7k2of sl 71 =& -5 Rt 0]i= WS, NSs€FInpOs e 1Ak o5

T BT Au L= )2ke] Sl o] AUl FhE 18] CO 712 Bajol g 3-8 BB Rl 2102 gesu)
ole} pelsl wlAUZL AAlskLA T,
Keywords: WS,, In,Os, Au, CO gas, self-heating

‘149 I



2021A= SHEMRSHS| EA St

Enhanced the Electrochemical CO, Reduction Reaction
by Doping Diverse Metal lons on ZIF-8
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Carbon Dioxide emissions are the primary causation of global climate change. Recent development in electrochemical
CO;, reduction opens new possibilities of utilization of CO, as a carbon feedstock for fuel generation and commodity
chemicals. Electrochemical CO, reduction can generate electricity and high value added production. The most important
things of electrochemical CO, reduction reaction is Faradaic efficiency and selectivity. Herein, we report ZIF-8 with
doping the diverse metal atoms for aiming C1 production of electrochemical CO,reduction reaction. Especially, in case of
doping copper on ZIF-8, it is shown that this composite facilitates high CO, reduction activity and Faradaic efficiency
about 80% towards converting CO, to carbon monoxide the intermediate to continue the pathway absorption and

desorption of electron-proton transfer for C2, C3 high valued production.

Keywords: CO, Reduction, MOF, ZIF-8, Carbon monoxide
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Passivation agent X 2|ZtEE 0|5t CsPbBrl3 perovskite A SZCI0|EQ| EM
(Properties of CsPbBr,l;. perovskite red light-emitting diode with
passivation agent and ligand)
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(jmmyoung@yonsei.ac.kr")
o] A7l perovskite = -3t FoH4], 117]2] £ S-gto] WF thol L &, FofA, 3F HE7] T vt of
2 580l 71 =aL ek 12y 33k perovskite= 27 Wofl EASH= A Aol A 7] leke W2 AAE Aoy

A 9] SHA| W Fof] ¥y AR} 3-8-0f o] 22 zh=r}. oo u}g} perovskite 2] crystal sizeE 7+AA]#A exciton binding
energy 2 exciton?] -Z7H4 L& @ WS Z7FA)A perovskite light emitting diode (PeLED) 2] W& 95 §-8- =H&of 743t

. [ -
QA57k 2185 31 9.0} o] £-0] YA RAE steady-state voltage SolA] o] 2 F ol AHHe] ato] whbste]
& Qb 940 W HRS FAI0] MEAI] of2lo] 9ltk. webA passivation agent®} EHES H7F}o]

=gk = 5
perovskite®] T4 A AoI5tTL o Lo FolL} Ae] FARS olAlsko] PeLEDS] M-8 FFAHAI 71 Q15 o]
Ry ar Q.

. 9] Lo A= 1-naphthylmethylamine (NMA) £ ©]-2-5}0] NMA-bromide (NMA-Br) & NMA-iodide (NMA-)E Z}+
7+ 31451 A -% vl 22 £33 2]7H= 2} potassium bromide (KBr) passivation agentE- perovskite 2114 o] 47 }5}oq
perovskite 2% 0] A3HS Aolatgit). o2 Ealiperovskite 274 A 0] 5 AR 0] 0] L% W AHHE] FARS A5}
perovskite 3EH 9] Y= E T (dangling bonds)E %43} 3}] hole transport layer (HTL) 9 electron transport layer
(ETL) 2}2] A% 28-S AJofaho] 24 w3t PeLED ] 5 -8 GFAAl7] 314} 51T

2]7F=9} passivation agent 3 7}of| whE A WY PeLED O] WY &8 R4S 291517 913l CsPbBryls. BFE A2k
39l on], o] o] &3k uhalg PeLED:= 7| 29| g]7t=ul A 7bE PeLED tH] 3FA e WFEAS v olrh 2]7H= 9} KBr

0] A7} CsPbBryls Be] AAJskA W 336k4 EAJ-S- scanning electron microscope (SEM) ¥} X-ray 31°4% (XRD),

18] 37 photoluminescence (PL) 42 53 oI5t o, 5402 AHZHE PeLED 2] W=l EAJ2 AF-A (I-V),
electroluminescence (EL), 71231 EQE %2 E3l W78}tk

>1

Keywords: perovskite, defect passivation, multi ligand, light-emitting device, red emission
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71 Ale e Zete] = (CsPbXs, X =Cl, Br, I) ﬁﬂi‘ﬂ /\7Pol E e 242 52 98 P E(PLQY), 28 7T
Eus

(1], 2l O3 o] 1] T CsPbBr, che 2782 2510 52 2Felo] F4 217 2ol H3kel7] 4155,

7l eghme) shAlolH O R Qlste] Bk 22 -4 SHloll A WS v 5} ol5go] AshErks BAEE 11

t}. olof] u]s] ez Fofuk Ha} o] FA(> 15,000 emV'sT), B glek AHEY helE, 943t obg S e

£ A70| A= GO(Graphene oxide) 7} 5|21 257}o] £ thte 2] G4F 2 Ao u]X]3= ko] fs) Hargich GOZ

w8 7ko|E §H4 Ol H7HSHE GOO| Akt 2H87)7} W= H Aol E i BRkEe} 28-S B3 Asto|5S

A = ek A7| 23 E CsPbBr; Ue &3] 0| E+= PbBr, HE5-=2 0] GOE 7130 =M T2 AX} oA 2

ZE ek A& 2121 CsPbBr; Ui A% 9] ¥sg ABE2.2-500 nm Ao 4] T 135 H$.01, CsPbBr;-GO B3| &

= ~455 nmof| A 327} 9] 7k Lrept ) shebA s WSS quantum confinement AV} 0]} |=3~4 nm F7| 9] Uhe &
dlo] oA BIEE S Aoletal ol Rttt [2]. 3 T HOA Ule S0 EV} ¥4 %= WA UEY} CsPbBrs-

GO 7|4E 33702} =) o] B/ el = =28 A o]t
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4-aminobenzonitrileS 0|23t 11 OIMAM =AM H|Z2HAFIO|E W C}O|R2E2| EA
(Fabrication of highly stable green perovskite light-emitting diodes with
4-aminobenzonitrile)

OrS|E, U=, E[QIY, HAj'

M BT Al LA o]

(jmmyoung@yonsei.ac.kr")
1= 27 (nanocrystals, NCs) 7|RFe] H| 2 HA7FO| Eqm 128 M e 42 A 24, 52 HEX| 3, =2 33y oA}
Ty [RNe] n
S P AY O Ao WY Tho] 9.5 2R BT glek. SHATE A 717k e 2A|U R gl utet o]
5

zHA7IO|E Bl f AAR-AE S7HHAL o= IRt trap site®] S7bE #l2H A7 E WY tho] 2 E(perovskite
light-emitting diodes, PeLEDs)2] 214 882 7AAI7Ich 7= ARES HRZHAYOlE e AHo] FHS
passivationd|-aL trap density S 734~A]# PeLEDs Q] A2 7lA1sH= &1}7} Qlt) 184, oleylamine (OAm) S-2 oleic
acid (OA) 2} 2 B3l ZTF=O ARR-E 2j7HE0] A SA4 o & Qlal 424}9] charge-carrier ©]5-2 135} PeLEDs
o] A714 B AHAIRIH: jHH, &9 2t e 52 U] B HA SR eHEE F17t A8} o]5o] st wleoll, &
off 2] 7F= O] ARE-S- charge-carrier 2] 0152 Wa|5HA] k0 H A H| &2 H A710] E ] trap density S 714~A| A PeLEDs 2] 4]
T H PSR AR o

A, & o] A= 3ol 2]7F= 21 4-aminobenzonitrile (4-ABN)-2- ©]-8-3}] methylammonium lead bromide (MAPbBr;)
27 2715 Wie 2A G &2 AFHSHAL trap density S 712414 MAPbBr; 7|9t =4 PeLED 9] A5 9 842 adAIzl
th E3} 254 polymer 2 3 7] 26F A5 =42 (hole transport layer, HTL)2 AR&-5}0] ABNS 323151 PeLED 2] &
e 718 0 2 7 AISHE T e 27 MAPDBr; 2Hate] 3 FAF 2 F=74|+= scanning electron microscope (SEM)2- O]
L3f gelstdial, 31 7|2 7]+= atomic force microscopy (AFM) S &2 B 7138}t 3L vhalko] AXsHA EAJL Xoray
SIHH(XRD)S Z3f| B71ohs on, 33384 EAJ2 photoluminescence (PL) ¥ ultraviolet-visible spectrophotometer (UV-
vis-NIR) 578 © = 2RIt} 2|5-24] 0 2 A|21E =4 PeLED 9] =g 5/ 2 Q-2 A7 U(1-V), electroluminescence

(EL), external quantum efficiency (EQE) =4S 53l H7}3}%ith

Keywords: methylammonium lead bromide (MAPbBr3), conjugated ligand, nanocrystalline perovskite, perovskite light-
emitting diode (PeLED), green emission
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.

e Z5He 7] CsA| PR B AT EL =2 548 90% ©]4F2] PLQY (Photoluminescence Quantum Yield). &

QY
S A = o2sal eka EAJ 0 & ol3)] Yo Al o]l S 1 al s 2= o)) o]a]at B4 o & o4 ok R3], %

NI E, A 5 S5t Y 29l
W 9 O Aol S EUTFAA G AN B AR B S W Gk, SAuh o] B L 72 oYy
o BRI Q1) A g3t AN FAS] RHslw Gk A sz B ol =g e s Slof SR

(rare-earth : RE) ¥4 (Eu,Yb, Tb, Dy £)of| that A7} R =] a1 Qi) [1,2]. 7FH YA ATe)ef A} L2 = 3B o]
S0 AT AL} 2H] EATH TG0 Tl AR EAE Roldtch ST A QA BAL ol s e iR
o} Itk £ ¢170] 4= hot-injection B ARESto] & A A1 CsYbI, LHe A8 & A 34 0 2 gHdstolrt.
/3% CsYbL =242 67InmE T4 0.2 47nm ] RHA| &2 7P HgEA0S Helom, 9F58%9] =2 PLQYE ¢
olek. 3, PAE Lhe A o] PREAT 2ol uhE e B4 BAS ST 0 0], §9 el M) YL 7}
sfolrt.
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CIkst X|2H712 712! Phenylamine 2 0|28t &4l perovskite 'WZ CI0|2E2| EM
(Properties of blue perovskite light-emitting diodes using phenylamine with
various substituent)

SRRk

(jmmyoung@yonsei.ac.kr")

=< 8ol & o] & H A7}o] E (metal halide perovskite)= ABX; (A = Cs’, CH;NH;" (MA), or NH,CH=NH," (FA); B
=Pb* or Sn’"; X =T, Br,, or CI 2] A% FZ22H X-site 2] 2AJv]of wpeh g wbg-g 243 = Qlrh= 78 71 B
g OP 258 WHA T 4 8 ) Gt 2 LR AT 3 Afoleh. Al dzhe] ATE-S Ba HAa ) g
t}o] @ & (light-emitting diode, LED) 2] @] 9F2} &8 (external quantum efficiency, EQE)©] 20 %& @oj = A+ 2
TS0 cb B 159G, ClItBre Eataho] A 2tehs B4 328 Azjo|E o] 49 5vu]uke] 9]5 ofz} 58-S Kol
52 9)}. ol efo] =] ol & oo ofl Akike] Aol AT T, ATFA 0.2 v]gEe] WS Aok Eojol W
£0] IA Fashy] tlEo|t) o] & FE5H7] 9ot ' o 2 -2} (quasi-two dimensional, Quasi-2D) 39| 22
27to]Eof thgh A5tz 2PEhs] Ze s AL Utk -22F 20 H| 2 B ATRO|E= MoA,-1BuXsn & 245 7HA1AL 9l
O 1 M-site*= 52 butylammonium (BA) $-2 phenylethylammonium (PEA) 7o) 71 ARES- 714l 2|7t =& ARES1c)
M-site 2] Z| %315 Z3 trap site o] 23} non-radiative recombination©| A% 0], 7|2 #| 2 H A7}o| E 252 tho] @ Eof
H] 8l 9k i S5 vreRd 4= ek

2 Aol A= AA H| B A7 o] E o) Hisg G55 JFFAI717] fIste] thefRt 2127 (-F, -CN, -COOH, -Ph) & 7}
phenylamine 7|4} 2| 7F=S W2 H A7o| E LA 8-Moj] 2185199 th Phenylamine 7]4F 2)7t== w2 H A70|E 2
AR NG g P71 trap density E T A, A #|mH Ao E g tho] e O] e Yl oM o
SAIZIE Bherel 21§49l F7= scanning electron microscope (SEM), Bfufe] AAoHA] 5442 Xeray W
(XRD)E E3f Hrlelsow, 3384 EAJS photoluminescence (PL) 2 ultraviolet-visible spectrophotometer
(UV-vis-NIR) &4 0 & Zolslgit) A o7 A|ZkE A PeLED Q] EA4-2 #7719} (I-V), electroluminescence
(EL), external quantum efficiency (EQE) =42 53} W75}k

ox,

o

o

Keywords: quasi-two-dimensional perovskite, phenylamine, substituent, blue emission, perovskite light-emitting diode
(PeLED)

‘155 I



2021A= SHEMRSHS| EA St

F-6

Asymmetric Optical Transmission at Visible Frequency across a Meta Surface
Designed with Factorization Machine

0|27KEungkyu Lee) ', Tengfei Luo'

7 3|tk AR B o &k M Ak} 'University of Notre Dame
(eleest@khu.ac kr')

Thin-film optical diodes at visible frequency have difficulties in simultaneously achieving both high transmission
efficiency and high isolation due to the lack of materials. In this work, we use a machine learning model, Factorization
Machine (FM), to design the optimal thin-film structure of visible optical diode with high transmission and isolation. We
use the Fourier modal method (i.e., rigorous coupled-wave analysis, RCWA) to produce data, where it includes the
structural information and associated figure-of-merit (e.g., transmission coefficient or isolation factor) of optical diodes.
Based on the data, we train the FM and let the trained machine find the global optimized configuration to maximize a
figure-of-merit. The RCWA finally confirms the correctness of found optimized structures. As a result, we find that the
optimized thin-film metal/dielectric structures with a thickness of 130 nm on a glass substrate can have a transmission

efficiency of 77 % of forward-direction and 0.8 % of backward-direction, leading to the isolation factor of ~ 19.

Keywords: Optical Diode, Factorization Machine, RCWA, Machine Learning, Photonics
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Metal-Semiconductor Hybrid SERS System toward Label-free Ultrasensitive Detection
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Surface-enhanced Raman spectroscopy (SERS) especially based on noble metals has facilitated effortless and effective
trace-amount molecule detection via electromagnetic enhancements at so-called hot-spots predominantly. However,
diverse analytes possess limited cross-section for Raman detection and this forces to adopt Raman reporter of particular
surface functionalization that is laborious and limited to solely analytes small in size. In this work, we fabricated a hybrid
SERS structure that exploits Ag as a plasmonic structure and GaN as centers of charge transfer enhancement to solve these
issues. By highly uniform printing of Ag nanowires onto GaN nanopillars, ultrasensitive SERS substrate with exceptional
conformity could be fabricated successfully. Consequently, an excellent SERS performance was derived with an average
enhancement factor of 1.4 x 10" at 10 fM of Rhodamine 6G. In addition, quantification and multiplexing ability without
treatments on the surface are verified via detection of detrimental antibiotics in aqueous solutions. Therefore, achieving
remarkably high sensitivity was feasible exploiting synergistic enhancement of metal-semiconductor complex SERS

system.

Keywords: SERS, gallium nitride nanopillars, silver nanowires, antibiotics, multiplexing
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(Properties of electrochemiluminescence light-emitting devices with
metal nanoparticle catalyst)
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2L G W A=A ARAR FLE-LS Q5 A7 Ebs) Z18) 5w A] electro-chemiluminescence (ECL) &Ato]| 7|5
Hag a7 A 28 FH o] iAo 2 & $A]S vkl Qlrk ECL 7|4 WA= T ECL Wags-o] upsti. = oF
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(In)& 7]¥ke = 24, = A 9l A jon-gel ECL =485 9Hd5131aL, Au % PtNP= 84 37 7|9ke] 54 o] 2 gl &
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Keywords: electro-chemiluminescence, light-emitting device, electrochemical catalyst, Au nanoparticles, Pt nanoparticles
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AlGalnP red nanostructure LED with star-shaped Au/SiO, nanoparticles for
localized surface plasmon
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2| Virtual Reality, Augmented Reality 2} 7+ eXtended Reality of| T3t 7]<s0] Z}A|t)] T AZd|o] 7|2 Z15g Hhar
Utk olfgt ARt H AE& o] 7|2 AN A ol 7V EAIE TR sho] @A o] B X 3 =4S v Ht o] 7
gk A Tl aE o] Aldtoll= 247 1Y A3} 7|go] 42lolk F7]& 7]WH] Micro LED = &2 9] =2} 71 4°78,
522 g, A Se 02 M) o AB A0l 28 W 9ick Mioro LED T A5 0] 243348 912 314
7145 A o) AZeo] 7] 0] B0l A A} 714 5 Aol Bast A7 AUk, 1% b BB A
9] 214 LED+= ‘batwing’ % 8| 2] =33} side-wall effect 5 ©. =2 Q18] g a-80] W2 A7} Sl o] H3 EAlE=

g Asl7| $Iaf Ho| Weke Alojeh= 322 Wi Tt color filter?}back light unit-& ARSI o] S22 G51E] o] 944
at chip @] 27]7} ZhAadtol wet A2 7id o] Ay} 2 @ sk

£ Aol A= A LED Y] 58 A5 913 ke 2 F4; Ute Y219} 2 A1330] energy coupling & ©]-8-3l] W5
F8-8 Z)5h= Localized Surface Plasmon(LSP) 7]4-& 2-8-5191t}. AlGalnP red LEDS} Aw/SiO, 245 U] %1710
energy coupling& 9J8] L)%= star shape &2 3HAISIGTE e 9x}S 283} red LEDY dry etching2: 3}
nanorod2} nanohole %2 THE-¢) 11 0] T side wall effectZ Z0]7] $J8)] 2] passivatione 3t} FE2 02 1}
e 2-83E50 x 50 um? 7] 9] LED chip AIAF6HE 2 Ute Y2} 49} &3l LSPE 218515l reference LED XL
t}50% ©|A4-] intensity St E- 2153tk

Keywords: Nanorod, Nanohole, Localized Surface Plasmon, Nanoparticle, AlGalnP, LED
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GaN 9 7491 SRFE-S 7]9h0 2 5 4] Ao 2L A 409 7H 45 0.2 Tk elo] g sfe] o =3 gl Mt
7HA] o]2{ et GaNE AL ApA | g tho] @ =5 SRt 22 F7o] 5] A S H 2l S 3t
flo] e 31 Qlon, o] #jgt FHs A S BojFs A EE y-Ah p-Cul7} B Qlek. p-Culis 945t pil EAS
ot op ek, g 24 Mol MEA2.95 eV) T & AAE 2 o %|(62 meV) S AU 3L gleo] w thol o= A=
2 3837]o] At 54 Bk

& Aol M= o]t p-CulE n-Mg1.ZnO YA o|F Heke Faff Heba = E‘roliEE Xﬂxﬁ‘ﬁ?ﬂ, E4=

gul SlA 1 Sk 3

78t} W o] .= o B34 34kA7] 7] 9lato] Cughzn Hhute) skl ot § )
b-CuroZn S AEHL o} n-Mey Zn0 A s1e] 5 £l Fol3 o T8 G4t Cu Hhat

al
ol F2Fek= Zn Hhake] FAof whet p-Cuy.Znd & 24 A|o17} 7Hs513l AL, o] & F8f oA = - %Qﬂﬂ =
HAR B A ET R S RS0, 0|2 HshE Ak 7|8 o] 4xh o] W17k 109 SRl
ol Bk
p-Cuy..Zn,I B9] FARS scanning electron microscope (SEM)S £3f, n-Mg;.,.Zn,0 A Q] AR

electron microscope (TEM)&- 53| 22151131, A4 H4 91 540> X-ray diffraction (XRD) 41 &5l B71513ich £
3t p-Cuy.Zn,] 12t 9 n-Mg;,Zn,0 A 9] 33617 9] EA]L photoluminescence (PL)2} UV-Vis-NIR spectroscopy =
Z3l Hrlsl o, o529 sksk4 242 X-ray photoelectron spectra (XPS), of|u ] HH= L2+= ultraviolet photo-
electron spectra (UPS): o} alo] £-41a191ck, A2kl wahsl v ol 0] 172 st BALS A543} (V)
=74, 3= =74 9 electroluminescence (EL) =%, 71811 o|u| x| W= 3| H7}519ich

transmission
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Magnetic assisted Fluidic Self-Assembly transfer technique for
high resolution micro LED display
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Micro LED= 100x100 um® ©]5}9] 37|12 7}A= LEDS E43tt}. Micro LEDS 0|83} display= 7]Z LCDU
OLEDO] 1]3} W} 13455 9 32 luminance & 7}2|o 4:730] o 9- k= 488 7b 31 9lck. 2] Fmicro LED 4
$318 9k of 2l WAlS o] EAfake, )2 T 5 St HAL 101 ch A} ARG 3 9 pick-and-place 42

2|2 pick up 3}=head”} 50 um A= =7 & micro LEDe]| Z-835}7| o= $HA|7} Q)= Al&to| ) AR 71A] A A E Micro
LEDE AAfs}7] 915t i o &2 a1ixte] Hztg oLt 7] o83k w4, 73S 333t wafer bonding ®H] 50| &
M= AL ek e o] RS A e oS allE 4= AAIRE ekt Mokt )30 MES YA = Al FHA|

7} Tk &, 100% F2=(Yield) Y A 2] gk throughput) ©5-2- $l8liA= o B2 A7} %ok

B AL npo| T 2ulE F7]9] chipg 148, TAHTEE HASH] 95t 22 0 & FSA WS 2838} AL 7149
Tt ook AAL 714:0] At FAFS 915 G2] MALS FSA HHA] 7 Adsat oy 2 A AL HFA]of] 2= micro chip 2]
Ao}, o] 5 HPg O & pyramid 3 E|2] micro chipo] A2 ¢l o1, AHd-& 0]-8-5Fo] FSA AL A9-& %133t At
2] 0 2 300x300 pm” =7]2] chip 100% B 2 HALSI 01, o] 5 Fal| A4S o] 43 FSA ZAL 4] 0] B84
8k
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(Properties of electrochemiluminescence light-emitting device applying
metal oxide nanorods)
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L okt e o) W AXLE LA5] Yot A7t X of) whg) electrochemiluminescence (ECL) HHS- 2] o]
7|HFeh g k] A7 F SR Al QIvk ECL 7[RE g 22 k= A &2 np=i AL Q= = Afo]of] 9123 ECL E-g-5-0]
712k HEE-Q ARl 2h AR5 &3l ok axAke|th ECL 7|9k =g aab= EA 483} Holgle 7] g thol
@ =of| H]sf| ket S, ol et A, T1elar A u|-8-o] 8ol 37 50 o] glem, F ol M Ay} At
AE T Qsto] ion-gel& F A1 A 7|E ECL 'W-g 2417F A1 == A1 & sl 2 sk3ich shARtion-gel ECL 7]HH =g 4
A7} 4831 7] el Ao Wg maat A7, M= 59 7H*4°] asich

2 Aol A= of2f]tion-gel ECL 7|4 =g xb7F A d g G8-wA1 5 FdA1717] fl8l thadrt = é&% L
9t (nanorod, NR)E 2xAte] A-8-5k0f Wy A& S5 AT a5 A2 vl 1714, skebd 545 A 1Y
™, Z/d 7 morphology H2HE Fofl 7L 543 thsA| MstAIZ = qlek webA] 437] morphology 5 HISHAI —’?— A,
7188k a2 9] ARE-E+=Zn0, TiO2, Z12]31 CuOE ECL 7|9t 9 Axfof| 285t F& ASHE SR 710 2 A
gkl HAE Sl 918) o5 A= flofl vhieut) Fe= A Z TR

7Zn0, TiO2, 71237 CuO NRE -85} ruthenium (Ru) 7|5+ 2 A jon-gel ECL 714} g 42}1=3.0 VPP, 60 Hzo|| A] Z}
722,29, 7123126 cd/m2 2] luminance & 1 & 7|& vt A= 9]o]] 4| 2Fstion-gel ECL ¥4 44} (3.0 VPP, 60 Hz o)A
3 cd/m2) ]:H]jl 1:11—_16]- /ﬂ:o] 5'_7]] zskAPQO% (e} e] ﬂo]tﬂ- 2~ 0] 041;} Es}- 7]5 1:1}1:11— 7(1—“1 _(Hoﬂ xﬂx_|l—§_]— ion—gel ECL t‘l___]—%l- _/,\_;(],
7}3.0 VPPOJ|A] 55 HHHo|, ZnO, TiO2, Z18]11 CuO NRE &-831 ¢ 7+2+2.4, 1.9, Z18]11.2.2 VPPoA] ==&
SHQIgh 4= QAU o] o 2 g a8 2 4517 ] 918l potentiostat2- ©]-8-3F cyclic voltammetry (CV) 5742 55
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All-inorganic colloidal quantum dot-based white light-emitting diode with
excellent color stability
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Department of Materials Science and Engineering, Seoul National University of Science and Technology, Seoul 01811,
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Colloidal inorganic quantum dot (QD)-based white light-emitting diodes (WLEDs) have received much attention as
critical components for potential use in next-generation ambient lightings and full-color displays due to their solution
processibility, excellent color temperature, high quantum efficiency, and high photostability. However, despite steadily
accumulating insight into the unique features and architecture of QD-based WLEDs suitable for flexible or bendable
optoelectronic devices, most researches on WLEDs have been only focused on QDs as a photoluminescence color
converter. Herein, a new strategy for the design of colloidal all-inorganic QD electroluminescence WLEDs with excellent
color stability is proposed and demonstrated. The blended hybrid architectures of QD layers are designed and fabricated
using a QD mixture which contains perovskite QD composites (CsPbBr; and CsPb(Br,Cly);) and CulnS; (CIS). This
self-emissive QD hybrid has been rational-designed to generate white electroluminescence with the color balance between
blue, green, and orange (620 nm), which is well-matched with the Commission International de I’Eclairage 1931 (CIE)
color coordinates with a mean value of (0.33, 0.34). In particular, the mixed-halide perovskite CsPb(Br,,Cly); QDs are
successfully synthesized through exchanging the halide ion from the pristine CsPbBr; QD by using trimethylsilyl chloride
additives. All QD-based WLEDs show typical diode characteristics with a turn-on voltage of 4 V and negligibly small
leakage current. Moreover, the simultaneous recombination between the blended hybrid halide-based perovskite QDs and
CIS QDs emission region also results in WLED shows excellent color stability and electrical bias tolerance, even with a

broad range of driving voltages.

Keywords: Colloidal quantum dot, White light-emitting diode, Perovskite, CsPbBr3
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Superhydrophobic and antireflective characteristics of
Plasma-Polymerized-Fluorocarbon (PPFC) thin film coated on a nanostructured
polymer film
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The plasma-polymerized-fluorocarbon (PPFC) thin film has an amorphous structure and exhibits very high
transparency and flexible properties. In particular, PPFC thin films deposited using a mixed target of carbon nanotubes
(CNTs)—Polytetrafluoroethylene (PTFE) display a very low refractive index of 1.38, as well as a hydrophobic surface that
imparts the self-cleaning. In this study, the optical and surface properties of nanostructured-PET and PPFC/nanostructured-
PET films were investigated. By depositing the PPFC on a nanostructured polyethylene terephthalate (PET) surface, the
antireflection effect increases due to the low refractive index of PPFC and gradient refractive index of nanostructure. As a
result, the reflectance of PPFC/nanostructured PET decreased by 56% from 9.1% (the reflectance of original PET) to 4.2%

at a wavelength of 550 nm.

Keywords: Antireflection, Superhydrophobic, Plasma-polymerized-fluorocarbon, Nanostructure
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The study of the GaN micro-rod selective area growth morphology depends on
the buffer layer by MOCVD
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(dbyun@korea.ac.kr")

Recently, the researchers who had studied about LED, have attempted to fabricate small size of LED under micro
diameter or different shape of LED. There are two methods to fabricate the rod shape of LED: top-down and bottom-up.
The bottom up method has advantage of no damage and high quality of crystalline even though this method is quite
difficult to epi-growth. This is the first step of study of GaN micro-rod epi-growth, the GaN micro-rod are grown with
selective area growth by MOCVD on the patterned sapphire substrate. From the kind of the buffer layer on the polished
PSS, we can figure out the GaN micro-rod morphology depends on the buffer layer. The GaN morphology was analyzed

through a scanning electron microscope and the polarity was analyzed by KOH etching.

Keywords: MOCVD, GaN
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Atomically tunable photo-assisted electrochemical oxidation process design for
the decoration of ultimate-thin CuO on Cu,0 photocathodes and their enhanced
photoelectrochemical performances
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A representative method of forming CuO thin films on Cu,O photoabsorbers was simple annealing oxidation at high
temperature in the controlled oxygen atmosphere, but the typical oxidation process is considerably quick and irregular,
resulting in the presence of high density of defect sites. To maximize the beneficial effect of CuO/Cu,O heterojunction
photocathode, novel criteria on CuO preparation were suggested: 1) in-plane epitaxy with Cu,O, 2) atomically
layer-by-layer growth, 3) ultimate-thin and completely conformal coating, and 4) minimized internal defects. As a novel
strategy to achieve them, we firstly propose a photo-assisted electrochemical-oxidation (PAEO) method, and the Cu,O
surface is precisely phase-changed into the ultimate-thin CuO layer with 4 nm via fine thickness control using photoenergy
and external potential at room temperature. The produced CuO crystals are grown on Cu,O without generating structural
defects by accommodating the epitaxial relationship below critical thickness. From static and dynamic (photo)electrochemical
analyses, the formation of ultimate-thin CuO offers high electrical conductivity and faster charge transport, guarantees
sufficient open-circuit voltage (V,.), and substantially retains the initial Vo, value by minimizing the contribution of
recombination loss. Finally, the PAEO treated photocathodes exhibit the excellent photocurrent density of 15 mA/cm?
(approaching to theoretical maximum current) and 8.3 mA/cm” at 0 V vs. RHE in the electrolytes with and without
scavenger hydrogen peroxide (H»0»), respectively, as well as VOC of 0.78 V, even in use of the suboptimal Al-doped ZnO
buffer layers.

Keywords: Photoelectrochemical reaction, Oxidation, Cuprous oxide, Cupric oxide, Heterojunction
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High-k gate dielectric properties from hydrocarbon film grown
by inductively coupled plasma chemical vapor deposition

Viet Dongquoc, Dong-Bum Seo, Tran Nam Trung, Eui-Tae Kim '

Department of Materials Science and Engineering, Chungnam National University, Republic of Korea
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New high-k gate dielectrics are highly necessary in facilitating the continuous down-scaling of metal-oxide-semiconductor
devices to the sub-10 nm range. In this work, ultrathin organic hydrocarbon (HC) film as a novel high-k gate insulator for
metal insulator semiconductor (MIS) devices was studied on Si (100) substrate using inductively coupled plasma chemical
vapor deposition (ICP-CVD) with a mixture of argon (Ar), hydrogen (H,) and methane (CH4) gases. The dielectric
properties of HC film strongly depend on temperature, radio frequency (rf) power, CHy flow rate and atmospheric
pressure. By using the optimized condition, we have obtained a HC film that reached the highest k value of 90 at 300 °C,
400 W, 10 SCCM and 0.5 Torr. In addition, the MIS devices display great gate-insulating properties, including almost no
hysteresis in the capacitance-voltage curve, low leakage current, and high dielectric strength. We elucidate that the organic
HC film has excellent dielectric properties and is potential candidates for next-generation high-k gate dielectric material

for sub-10nm node Si.

Keywords: Hydrocarbons, High-k dielectrics, Gate dielectrics, Metal oxide semiconductors
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Vertical growth and efficient photoelectrochemical water splitting of
SnS; nanosheets on graphene

NS, Zofeh’

Fuis 4R 3ot

(etkim@cnu.ac.kr’)

Two-dimensional (2D) materials have emerged as attractive and interesting materials for photoelectrochemical (PEC)
because of their particular layer structure, great electric transportation property and strong interaction with sunlight.
Nevertheless, 2D SnS; nanosheets vertically grown on high quality conductive substrate such as graphene electrodes have
still not been rarely reported because high growth temperature of SnS, based on chemical vapor deposition (CVD). In this
work, we report vertical 2D SnS; nanosheets with controllable growth on conductive substrates (ITO) and graphene by a
facile and low temperature CVD method. Vertical SnS, nanosheets was successfully deposited on ITO and graphene at
low temperature of 230°C and carrier gas flow rates were adjusted to optimize growth conditions. Moreover, the SnS,
nanosheet structure dependency of the PEC performance was systematically studied. The optimized PEC reactivity of
SnS, nanosheets was achieved at SnCly:H,S=125:75 SCCM ratio, and heterojunction of graphene/SnS, was further
enhanced the PEC performance due to significantly improved charge transfer properties. This result of controllable vertical

SnS, growth at low temperature suggests a various approach towards the design and fabrication of efficient PEC
photoelectrode based on 2D metal chalcogenides.

Keywords: Metal chalcogenides, SnS,, photoelectrocatalysis, graphene, chemical vapor deposition
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Antireflective and hydrophobic plasma-polymerized fluorocarbon thin film with
low-refractive index for high efficiency flexible perovskite solar cell

o|AtzIT, =2n|

astelol el
(leesj@krict.re kr')

The plasma-polymerized-fluorocarbon (PPFC) films deposited by mid-range frequency sputtering process using
polytetrafluoroethylene-carbon nanotube composite target shows an antireflection (AR) effect with low refractive index
(~1.38), self-cleaning effect due to their low surface energy, excellent mechanical flexibility, and chemical stability. As a
result, the AR PPFC films increase the power conversion efficiency of flexible perovskite solar cells (F-PSCs) from 18.6%

to 20.4%, and improve the long-term stability of F-PSCs in humid environments.

Keywords: Plasma-polymerized-fluorocarbon, antireflection, self-cleaning, low-refractive index, fluoropolymer sputtering

target
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Graphene reinforced lead-free solder composite for electronic packaging and
its high reliability

0|5, urx|M"

A edTd
(jisun.park@keti.re kr')

e o R RE AATEE Beshs AL BR7)5 sl ool m uie YAt B3tE T A7t
Ha1E|a1 ik o] 7k e Wie Al Bas S 234, W nlA| R A 2ejal glo| AE 0] BS EA7]7] Slel &
G5 ok T3, a7 1AA, 714, @A EA4o] s e 7 B8 w545 1 kekE (IMC, Intermetallic
Compound) 52| 442 oJA] £-& FUsHA| 28k APk B g

£ e T e QAR SR A 714 S B 714 D AL B o]tk AT AL B2 s
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] 2ol thg Lo TS S 712 F(Self-assembly layer) & FA510] 2E 2 H(Reflow) THel H 4%
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Keywords: graphene, nano-reinforced solder, lead-free, solderability, intermetallic compound
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Developing a Basic Model for Interfacial Switching Mechanism of Cerium Oxide
Based Resistive Memory Using Finite Element Method

Sagar Khot, =0, H"

Fojeyata

(ykwon722@hongik.ac.kr")

Resistive random access memory (ReRAM or RRAM) is one of promising emerging nonvolatile memory technologies
due to the simple cell structure, the compatibility with the CMOS process, and the excellence performance. The switching
mechanisms are classified into two types: one is filamentary and the other is interfacial. Most of modeling studies have
been conducted for the filamentary switching. In this work, we report a model for the interfacial switching mechanism. The
cerium oxide doped with some metal ions was selected as a model system. In this system, the metal ions drift along the
electric field. When biased, the concentration of the metal ions become higher or lower at one electrode, which leads to the
resistance change by modulating the Schottky barrier height. We modeled this phenomena by adopting the drift and
diffusion equations for metal ions and the concentration dependent Schottky barrier height at the oxide/electrode interface.

We will investigate the device performance in terms of the material parameters for memory and synapse devices.

Keywords: RRAM, Resistive switching, Finite element modeling, Interfacial swiitching mechanism
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Nickel nanowires roughness characteristics according to the shape of
magnetic field

Min Ji Shin, Ji Eun Lee, Su Jeong Park, Akshay Kumar, Seok Hwan Huh, Bon Heun Koo'

Aol

(bhkoo@changwon.ac.kr")

Research on nanotechnology has been very actively in recent years, So The necessity for one-dimensional nanomaterials
is increasing rapidly. The diameter of the nanowire is quite small, with a few nanometers, but it can grow up to tens of
microns in length and maintains a stable shape as a one-dimensional material. It shows a big difference from the electrical
and mechanical properties of existing three-dimensional materials, and it can show various properties by changing the
constituent materials of the nanowires. In this study, nickel was selected among soft magnetic materials with high
saturation magnetization. nanowires were prepared through a solution synthesis method, using NiCl, -6H,O, NaOH, N,H,
H,0, etc. For comparison, At first no magnetic field is applied then, It changed the shape of the magnetic field and applied
during the reaction of the solution. After washing and drying the generated sample, component analysis and microstructure
evaluation are performed through XRD and FE-SEM, and Magnetic properties are measured with PPMS equipment.
Although the magnetic field of the same intensity, it was confirmed that the roughness of the generated nickel nanowires

was different depending on the shape of magnetic field.

Keywords: Roughness, Nanowires, Shape of magnetic field, magnetic properties
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Investigation of exchange bias in ferromagnetic heterometallic nanoparticles
Kavita Kumari, Akshay Kumar, Bon Heun Koo’

Aeldsta

(bhkoo@changwon.ac.kr")

Exchange bias is a very exceptional property in order to develop functional materials for magnetic data storage and high
frequency devices. In the present work, Fe-M, M: Ni, Co ferromagnetic heterometallic nanoparticles (NPs) were prepared
using sodium borohydride assisted co-precipitation technique with subsequent annealing in a simple box furnace at 210°C
for 4 hrs. The synthesized NPs were investigated for the presence of exchange bias using various characterization
techniques viz. x-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), Raman spectroscopy and
dc-magnetization. The XRD patterns indicated the formation of face centered cubic and body centered cubic phases of
Fe-Ni and Fe-Co respectively in addition to the impurity peaks corresponding to metal hydroxides and pure metals. The
crystallite sizes, calculated using Scherrer’s formula, were found to be in nm range. The Fe-SEM micrographs of Fe-Co
NPs manifested amalgamated aspheric morphology, while that of Fe-Ni NPs displayed dumbbell-shaped agglomerates of
particles. Raman spectroscopic analysis confirmed the presence of impurity phases. The field dependent magnetization
(MH) hysteresis loops, measured at 300K and 50K temperature, revealed a weak ferromagnetic behavior indicating soft
magnetic nature of the heterometallic NPs. The reduction in temperature was found to enhance the value of saturation
magnetization. The MH-hysteresis loops measured at 50K temperature under the conditions of field cooled (FC) and zero
field cooled (ZFC) exhibited horizontal shift which points towards the presence of exchange bias. The value of exchange
bias field (Heb) was found to be ~ 140e in Fe-Ni NPs, whereas, Fe-Co nanoparticles demonstrated a value of ~ 47 Oe.
These results are promising owing to the ferromagnetic nature of these heterometallic nanoparticles in addition to the
values of Heb obtained at 50K temperature. The exchange bias was also validated from the temperature dependent FC and
ZFC magnetization curves that exhibit bifurcation below 350K temperature which make these ferromagnetic heterometallic

NPs favorable for technological applications.

Keywords: ferromagnetic, heterometallic, nanoparticles, hysteresis loops, magnetic properties
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Enhancing the room temperature cooling capacity of
double layer Pr 4Sr1.6.xMn,0; manganites through controlled self-doping

Akshay Kumar, Kavita Kumari, MinJi Shin, Bon Heun Koo'

AelsL

(bhkoo@changwon.ac.kr")

In this work we have prepared a series of self-doped Pr 4.Sr 6xMn,O7 (0.0 <x <0.5) double layer manganites from the
solid-state reaction method. The structural and magnetic properties were investigated and finally the room temperature
magnetocaloric response has been enhanced. The X-ray diffraction profiles revealed that the samples exhibit Ruddlesden-
Popper bilayer phase consisting the tetragonal symmetry in all the samples. With increasing the Pr-concentrations the
tetragonal symmetry reduces to the single perovskite phase (orthorhombic) and additional PrO,/Pr(OH); phases were also
emerged. The fractions of each phases were calculated from the Rietveld refinement method and their effects on the
magnetic and magnetocaloric properties were analyzed. We found that the total magnetization increases with increasing
the Pr-content, which indicates that the incorporation of Pr’*" alters the Mn®*/Mn*" ratio thereby enhancing the double
exchange ferromagnetic coupling. Even so, the change in magnetic entropy at 300 K was significantly enhanced from 0.28
Jkg-"K!' (x=0.0) upto 0.9 J kg K! (x=0.5) at an applied field of 2.5 T. Similarly, the relative cooling power of 28 J/kg,
35J/kg, 51 J/kg, 65 J/kg, 74 J/kg, 78 J/kg for 0.0, 0.1 0.2, 0.3, 0.4, 0.5 respectively was achieved under the magnetic field
of 2.5 T. Our findings in this work advocates enormous cooling potential of Pr) 4.,Sr; ¢«Mn,O; double layer manganites.
Moreover, by controlling the phase compositions and experimental set-up, their cooling capacity can be further enhanced

for room temperature refrigeration applications.

Keywords: double layer manganites, Ruddlesden-Popper phase, double exchange, magnetic entropy, relative cooling

power
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Effects of SrTiO; modification on piezoelectric and strain properties of
lead-free KosNagsNbOs-based ceramics

Trang An Duong, Hoang Thien Khoi Nguyen, Sang Sub Lee, Donghyeok Kim, Chang Won Ahn,
Hyoung-Su Han ', Jae-Shin Lee

University of Ulsan
(hsejs@ulsan.ac kr’)

Lead—free (1—x)KsNagsNbOs—xSrTiO; (KNN-100xST) solid solution ceramics were prepared using conventional
solid—state reaction method to investigate their phase transition behavior and electrical properties. It is known that SrTiO;
modification in lead—free KNN ceramics is able to improve piezoelectric properties as well as sinterability of KNN
ceramics. The previous studies for SrTiO;—modified KNN ceramics have mainly focused on the enhancement of dielectric
and piezoelectric properties using orthorhombic@Ptetragonal (O—T) phase transition concept. However, none of them
clarified for the electromechanical strain behaviors near O—T phase boundary. In this work, the polymorphic phase
boundary between the orthorhombic and the tetragonal phases can be found at 5 mol% of SrTiO3 content, where enhanced
piezoelectric constant (d53) was observed. Besides, the normalized strain (afk 33) was obtained from the unipolar strain at 4
kV/mm, which reached 210 pm/V as the highest values in KNN—5ST ceramics.

Keywords: lead—free, SrTiO3, tetragonal, strain
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Comparison of Fe-/ and Al-doping effects on phase transition and
electrical properties in lead-free Big sNag sTiO3-SrTiO; piezoceramics

Aisyah Devita Mukhlishah, Hoang Thien Khoi Nguyen, Trang An Duong, Hyoung-Su Han, Jae-Shin Lee®

University of Ulsan
(jslee@ulsan.ac kr’)

This study investigated Fe-/ and Al-doping effects on phase transition and electrical properties in lead-free
Bi;»Na;» TiO5-SrTiO; (BNT-ST) piezoceramics. Ferroelectric-to-relaxor phase transition was induced by Fe-/or Al-doping
that was evidenced by vanishing ferroelectric to relaxor phase transition temperature ( 7¢r). Interestingly, we found that the
values of maximum polarization (P,.,), remanent polarization (Pyn), and coercive field (E.) in polarization curves and
negative strain (Sye) in bi-polar strain curves for Al-doped BNT-ST ceramics were drastically degraded with increasing Al
content in comparison to Fe-doped BNT-ST ceramics. Accordingly, it seems that Al-doping more prominently promotes
the ferroelectric-to-relaxor phase transition rather than Fe-doping. We suggest that the different phase transition behaviors

in BNT-ST ceramics are originated from the different ionic radii between Al** and Fe** ions.

Keywords: lead-free, relaxor, phase transition, ionic radii
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Microwave Dielectric Properties of MgO/polypropylene Composites with
Low Dielectric Loss

Jae Young Jeong, Eung Soo Kim '

Department of Materials Engineering, Kyonggi University
(eskim@kyonggi.ac.kr")

Effects of MgO content on the microwave dielectric properties of MgO/polypropylene (PP) composites were
investigated as a function of MgO volume fraction from 0.1 to 0.5. Composites of MgO filler dispersed in PP matrix were
prepared by extrusion method and hot-molding technique. Filler ceramic, MgO powders with purities above 99% were
calcined at 950°C for 4 h. These calcined powders were heat-treated again at 1440°C for 4 h and then milled for 24 h. With
increasing of MgO content, the dielectric constant (K) of composites and dielectric loss (tan d) of the composites was
increased. These results are due to the connectivity among the ceramic particles and interfacial polarization between PP
and ceramics. For the composites with semi-crystalline PP, the tand was strongly dependent on the degree of crystallinity

of composites. The quality factor (Qf) and dielectric constant (K) of the composites with MgO content were also discussed.

Keywords: Microwave dielectrics, MgO/PP composites, crystallinity, quality factor
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Conductive Fibers with Buckling Surface Structure and Its Application for
Hydrogen Sensor

Kukro Yoon, Taeyoon Lee "

Yonsei University

(taeyoon.lee@yonsei.ac kr')

Recently, flexible and stretchable conductive fibers are spotlighted in various fields such as wearable devices and sensor
systems. Our research team had developed fiber-based sensors which can detect mechanical stimuli with Ag nanoparticles
embedded conductive stretchable fibers. These fiber-based sensors had advantage of being durable, however, since the
polymer has viscoelastic properties, it still has a disadvantage of poor restoration and inhibits electrical conductivity.

Herein, we fabricated a metal based buckled structure on the surface of stretchable conductive fiber by using simple
pre-straining method. The disadvantages of polymer structure were compensated by forming the metal based buckled shell
on the surface of the conductive fiber. Furthermore, the Pd buckled shell structured fiber could be used as a strain-stable
hydrogen sensor with its large and stationary contact between hydrogen gas. In the future, this study is expected to be able

to fabricate various sensors with high accuracy based on stable structure against pressure and strain.

Keywords: Hydrogen sensors, Wearable electronics, Pd buckled shell, Buckling structure
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Analysis of Recrystallization Statistics in Phase Change Memory Using
Electrothermal and Phase-Field Models
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Phase change memory (PCM) is an emerging non-volatile technology that utilizes Ge,Sb,Tes (GST), a chalcogenide
material, whose conductive crystalline and resistive amorphous phases correspond to data 0 and 1, respectively. The
switching mechanism includes phase-change phenomena such as melting, quenching, and annealing that are controlled by
Joule heating. In this work, we present our simulation results on the falling-time controlled, i.e., cooling-speed controlled,
switching operations. The falling-time varied from 10 to 100 ns. The molten GST freezes to become amorphous when
cooled rapidly while it recrystallizes when cooled slowly. We constructed a switching model for PCM by combining
electrothermal and phase-field models in a finite element analysis package, COMSOL Multiphysics. We analyzed the
variability in resulting resistance that is caused by the stochastic nature of the nucleation. We conducted a comparative
study on two cell architectures: one is heater-based and the other is self-heating. The device performance such as reset

current, power consumption, on/off ratio, etc, along with cell resistance statistics were compared

Keywords: phase change memory (PCM), chalcogenide, cell architectures, phase-field model (PFM), simulation
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Dielectric and electromechanical strain properties in
SrTiOsz-modified lead-free Bi;,Na+,,TiO3-BiAlO3; piezoceramics

4%

Ol

OJARM, O|RHAIT, Hoang Thien Khoi Nguyen, Trang An Duong,

r

SAkhaka Hekan gak

(jslee@ulsan.ac kr’)

(Bi12Na;2)TiO; (BNT)-based ceramics are considered to be a promising candidate for actuator application owing to
their excellent electromechanical strain properties. However, one of current challenges is that a relatively high operating
field is required to obtain the large strain properties. Therefore, this study investigated a reduction of operating field in
(0.98-x)Bi;2Na; 2 Ti03-0.02BiAl05-xSrTiO3 (BNT-2BA-100xST, x = 0.20, 0.21, 0.22, 0.23, and 0.24) via analyses of the
microstructure, crystal structure, dielectric, polarization, ferroelectric and electromechanical strain properties. The
average grain size of BNT-BA-100xST ceramics were decreased with increasing ST content. Results of polarization and
electromechanical strain properties indicated that a ferroelectric to relaxor transition was induced by ST modification. As a
consequence, a large electromechanical strain of 592 pm/V was obtained at a relatively low electric field as 4 kV/mm in 22
mol% ST-modified BNT-2BA ceramics. We believe that the synthesized materials in this study are promising candidates

for actuator applications.

Keywords: lead-free, piezoceramics, relaxor, ferroelectric
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Stretchable and Flexible Fiber Electrode for Measuring Neural Signal with
Au Nanoparticles Conductive Networks

Chihyeong Won, Taeyoon Lee’

Nanobio Device Laboratory, School of Electrical and Electronic Engineering

(taeyoon.lee@yonsei.ac kr')

Brain chip can reveal connectivity between new brain regions that have not been revealed before through precise
analysis of brain circuits, and furthermore, it is possible to find ways to treat brain diseases through brain circuit control.
Therefore, the development of an improved brain chip can be used as an important technical element in the search for the
cause of the ultimate disease, beyond the development of treatments for brain diseases that are on the rise in recent years.
The proposed fiber electrode is simply fabricated by immersing polymer fibers into metal precursor chemical solutions.
The AuNPs based fiber electrode had good conductivity like AgNPs, and the change in resistance is low during mechanical
deformation. In terms of adaptability in various biological environment, we confirmed that more than 90% of the cells
were alive in the fabricated fiber electrodes through the stem cell viability test. For the application of biosensors, a brain
chip for measuring nerve signals was developed using AuNPs based fiber probes. The developed device was inserted into
the brain of mouse to perform a brain nerve signal measurement, and the results were similar to nerve signals measured
using conventional probes. The developed fiber electrode has reliable conductivity and uniform conductive networks after
repetitive mechanical deformation. To measuring biosignal, the brain chip was developed with AuNPs embedded fiber
electrode and wireless signal modules. Neural signals measured from mice showed high quality and low noise compared
with conventional electrodes. The proposed devices have potential to improve the body interface functions that can be

applied for a long-term without interfering with the activity of the human body.

Keywords: Conductive fiber, Neural probes, Young’s modulus, Au nanoparticles
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Film analysis on Functional Group of Self-Assembled Monolayer (SAM) for
the application on Cu diffusion barrier

Minkyu Lee, Seungmin Lee, Taeyoon Lee®

Yonsei University

(taeyoon.lee@yonsei.ac kr')

Self-assembled monolayer is organic molecule that are molecular assemblies formed spontaneously on surfaces by
adsorption and are organized into more or less large ordered domain. Once this organic molecule was developed, many
scientists used this molecule as replacement of other materials that were used before. Due to low thickness and various
functionalities of self-assembled monolayer, this could be function as water-proof, improvement on adhesion, and etc.
Here, we introduce study of functional group of self-assembled monolayer that can replace Cu diffusion barrier using
chemical bonding occur in functional group. When an atom is unstable state such as missing an electron or excessing
electron, it is likely to react with neighbor atom to become a stable state. Using this phenomenon, we found that functional
group that is unstable state forms a bonding within themselves to become a stable state. Therefore, functional group that
has strong bonding strength can prevent Cu diffusion, which can eventually lead to function as Cu diffusion barrier. Since
commercial Cu diffusion barrier, TaN, is too thick to use as Cu diffusion barrier, SAM can replace its functionality. Also,
depend on the bonding strength of functional group of SAMs, some SAMs have better performance as Cu diffusion barrier.
Those proofs were made using X-ray Photoelectron Spectroscopy (XPS) and Time Dependent Dielectric Breakdown
(TDDB) analysis. Also, the roughness of SAM was qualified using Atomic Force Microscope (AFM)

Keywords: Self-Assembled Monolayer, Chemical Bonding, Diffusion Barrier, Copper
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Dielectric properties of Mg(Ti.05B0.05)03 (B=Ti, Zr, Sn) / Polystyrene composites at
microwave frequencies

Da Som Jung, Eung Soo Kim

Department of Materials Engineering, Kyonggi University
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Microwave dielectric properties of Mg(Tio.95Bo.05)O5 (B=Ti, Zr, Sn) / Polystyrene (PS) composites were investigated as
a function of Mg(Tip.9sBo.0s)O3 (B=Ti, Zr, Sn) volume fraction from 0.1 to 0.5. Composites of Mg(Tiy95B0.05)O3 (B=Ti, Zr,
Sn) filler dispersed in PS matrix were prepared by extrusion method and hot-molding technique. Mg(Ti0.95B0.0s)O3 =i, 7,
Sn) were heat-treated at 1400 - 1450°C for 4h. With an increase of Mg(Ti0.95B0.0s)O3 (B=T1i, Zr, Sn) content, the apparent density of the composites
was increased, while the relative density was decreased due to the increase of porosity, which induced the decrease of
quality factor (Qf) of the composites. The dielectric constant (K) of composites was dependent on the crystallite size of the

composites. Mg(TiggsSng0s)Os / PS composites showed maximum Qf and minimum K at microwave frequencies.

Keywords: Microwave dielectrics, ceramic/polymer, composites, quality factor, dielectric constant
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Quantitative /n-situ Hygrometry for Reduction Degree Analysis of Molybdenum
Oxide Reduction Process
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Molybdenum, one of refinery metals, has various application especially high-tech field such as semiconductor industry.
Molybdenum presents in the form of molybdenum disulfide in the ore naturally, and many processes are proceeded to
make metal form. Among them, the step that requires high purity and uniform reaction is the process of reducing
molybdenum trioxide to molybdenum. The reduction process is a batch-type process in which a reducing gas flows
generally. In this case, there is a limitation in that the degree of reactivity of the surface layer and the contact frequency
between reducing gas and oxide surface at inner reaction site. Therefore, in order to increase the reaction homogeneity at
this stage, the reaction degree can be confirmed by making the contact between the oxide surface and the reducing gas
uniform using a rotary tube furnace, and measuring the amount of water vapor as the reaction product to check the
reactivity of the internal reactant in real time.

In this research, a simple fabrication for 2-step process of highly reduced molybdenum powder for high-tech application
was investigated. The reducing process was carried out in a reducing gas atmosphere in a rotary tube furnace, and it was
maintained at 500°C for 1 hour. During first heat treatment, MoO3 was reduced to MoO,. After then, furnace temperature
was increased to 850°C to reduce from MoO, to Mo metal powder. The in-situ analysis of molybdenum oxide reduction
degree calculated by integrated water vapor amount in outlet gas. The reduced molybdenum powder was characterized by
X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), and inductively coupled plasma (ICP)

analysis.

Keywords: Reduction process, Molybdenum, in-situ analysis, Refinery metal
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All-Fabric Flexible Ag2Se Thermoelectric Generator for Harvesting Electrical
Energy in Wearable Devices

Chaebeen Kwon, Taeyoon Lee®
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Flexible thermoelectric generators are essential components for powering human-friendly wearable electronic devices
and for harvesting electrical energy from thermal energy of human body. However, recent textile-based thermoelectric
generators mostly fabricated with coating method using organic thermoelectric materials, which having weakness under
mechanical deformation. Herein, we fabricated textile-based thermoelectric modules by aqueous in-situ chemical
reduction of Ag2Se inside the cotton fabric and each Ag2Se thermoelectric module was integrated by using Ag conductive
fibers. Due to the densely formed Ag2Se nanoparticles inside the fabric, thermoelectric modules achieved a power factor
of 23.4 yWm-1K-2 with an electrical conductivity of 225 Scm-1 and a Seebeck coefficient of -30.64 pVK-1 at room
temperature. The all-fabric Ag2Se thermoelectric generator showed high performance of harvesting electrical energy

using human body heat even under high mechanical deformation.

Keywords: textile-based thermoelectric generator, All-fabric integration, wearable electronics
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Copper Electrode Based Thin Film Transistors Surface Engineering using
Coupled Self-assembled Molecular Layer
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Controlling the contact properties of a copper (Cu) electrode, which has a fast RC response, is an important issue in
improving the performance of a thin film transistor (TFT) for high speed response application. Because of electro-
migration, it diffuses into the oxide semiconductor with forming electron trap states which cause the degradation of TFT
performance. To solve this problem, various self-assembled monolayers (SAMs) are suggested as the solution, such as
(3-Aminopropyl) trimethoxysilane and (3-Mercaptopropyl) trimethoxysilane (MPTS). SAM layer effectively acts as a
copper diffusion barrier between oxide semiconductor and Cu electrode, preventing copper diffusion and improving TFT
on-off performance. However, previous studies only show a copper diffusion barrier property simply using SAM, without
argument to identify and control the interaction between SAM and oxide semiconductor. Herein, we present that the
method of controlling the functional groups of the SAM using a chemical coupling method can prevent the copper
diffusion characteristics of indium gallium zinc oxide (IGZO) based TFTs and control the electrical performance at the
same time. Using Mono-amine and di-amine group SAMs, the threshold voltage and mobility of TFTs can be controlled by
coupling functional groups with fluorine and sulfur. Controlling electrical properties using a coupling SAM method can be

a promising future electronics technology using a simple solution process rather than chemical and physical deposition.

Keywords: Self-assembled molecular layer, Field effect transistor, Copper diffusion barrier, Coupled self-assembled

molecular layer, Oxide semiconductor
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Comparison for Noise Performances of AIGaN/GaN HEMTs With and Without in
situ Silicon Carbon Nitride (SiCN) Cap Layer
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We investigated the effects of in situ silicon carbon nitride (SiCN) cap layer of AlGaN/GaN high-electron mobility
transistors (HEMTs) on DC, capacitance-voltage (C-V), and low-frequency noise (LFN). The proposed device with SICN
cap layer exhibited the enhanced drain current, reduced gate leakage current, low interface trap density (Dit), and high
on/off ratio thanks to the passivation effect compared to the device without SiCN cap layer. Both devices clearly showed
1/f noise behavior with carrier number fluctuations (CNF) plus correlated mobility fluctuations (CMF), regardless of the
existence of SiCN cap layer. In comparison with DC and C-V characteristics of both devices, the increased noise level with
the relative high trap density (Nit) for the proposed device (Nit = 3.5 x 1020 cm-3-eV-1) was observed compared to the
device without SiCN cap layer (Nit = 9.2 x 1018 cm-3-eV-1) due to the multiple trapping/detrapping into two gate
insulators; (1) AlGaN barrier layer and (2) SiCN cap layer. On the other hand, the proposed device presented less CMF

term and reduced access noise due to the effective surface passivation in source-drain access region.

Keywords: AlIGaN/GaN, HEMTs, Cap layer, Low-frequency noise, Carrier number fluctuations
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High x In,Ga;4N Quasi-Quantum Dots Formed in Quantum Pyramids on
Non-polar GaN nanowire structures
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In group Ill-nitride based semiconductor structures, the incorporation of high indium-composition InGaN has been
severely limited by highly inefficient strain-induced polarization fields and prohibitively numerous-defect densities. So
far, there is still no clear approach to solving this issue. Here, we have shown a new approach to incorporating
high-concentrations of indium in the InGaN quantum-structure by using a non-polar quasi-quantum dot formed in quantum
pyramid heterostructure. This unique epitaxial growth was achieved by integrating a 1-dimensional nanowire and a
0-dimensional quantum dot structure using MOCVD system. It was confirmed the formation of high-efficiency
quantum-sliding heterostructure and high-quality nanowire structure by FE-SEM and TEM measurements. Furthermore, it
has been suggested that such a quantum-dot structure can dramatically improve radiative recombination through a new
sliding bandgap mechanism. The first demonstration in the integration of nanowire and quantum pyramid (with
quasi-quantum dot) structures will be open a new avenue to break though the limitations of high-indium incorporation in

photonic semiconductor systems.

Keywords: nanowire, quantum pyramid, quantum dot, high indium-composition, MOCVD
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The Study on the Mg-doped p-Type GaN on InGaN nano-heterostructures
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[I-nitride-based nanowire structures has been used in a variety of optoelectronic devices. Compared to traditional
planar structure, nanowire structures have various advantages, including dislocation densities, efficient heat dissipation,
and reduced polarization field. One of the important parameters for achieving III-nitride-based high-efficiency device is to
control p-type doping elements such as Magnesium. However, it is very difficult to understand the mechanisms of
structure formation and growth by Mg in InGaN nanowire heterogeneous structures. So, here we report high quality p-i-n
nanowire heterostructure fabricated using selective area epitaxial growth (SAG). Formed p-GaN nanostructure under
different Mg doping growth conditions, various structure formation and Mg incorporations have been identified by
scanning electron microscopy and cathodoluminescence analysis. The growth process of p-GaN formation in nanowires
has been proposed via p-GaN nanostructure on InGaN nanowires, demonstrating the potential for realizing various

nanoscale optoelectrionic devices.

Keywords: nanowire, p-GaN, InGaN, selective area epitaxial growth, magnesium-incorporation
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First principles study on selective etching of silicon nitride over silicon dioxide
by phosphoric acid
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Highly selective etching of a target silicon compound is essential in semiconductor fabrication. Searching for
alternatives to conventional etchant that contain hazardous chemicals is challenging, largely due to the unclear
understanding of the chemical reaction. In this study, we elucidate etching machinery of phosphoric acid and its
outstanding selectivity toward silicon nitride (Si3N,) over silicon dioxide (SiO,) surfaces in atomistic level. Ab-initio
thermodynamic and kinetic formalisms integrated with density functional theory computation propose that pyrophosphoric
acid (H4P»0O7), a condensed form of orthophosphoric acid (H;PO,) at high concentration and temperature, is even more
reactive toward SizN4 than H;PO,4 which has been regarded as a dominant species for decades. We demonstrate that the
superior etching selectivity derives from reaction mechanism of thermodynamic control, where H4P,O; is much more
exergonic than H;PO,. Notably, we find that water molecules close to the HsP,O7 assist sequential etching process in two
ways: catalysis via structural proton transfer, and hydrolysis of diphosphate group in the Si3N 4 surface. Our study guides
a quick and accurate screening as well as designing efficient and safe etchants, which facilitates the fabrication of
nanoscale semiconductor devices that accompanies selective etching of alternately stacked hundreds of atomic layers of
Si3Ny and SiOs.

Keywords: silicon nitride, silicon dioxide, phoshporic acid, selective etching, density functional theory
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n-type Thermoelectric Properties of a Hexagonal SiGe Polymorph Superior to
Cubic SiGe
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The crystal structure of a material dictates many of its properties. This study focuses on a SiGe compound with a
hexagonal crystal system that demonstrates superior thermoelectric properties than those of its conventional cubic
polymorph. Using first-principles density functional theory (DFT) calculations combined with the semi-classical
Boltzmann transport equation (BTE), we clearly elucidate the underlying mechanisms that cause the enhanced
thermoelectric performance. The hexagonal SiGe compound shows very distinct electronic band structures and phonon
dispersion relations. Their unique transport behaviors lead to dissimilar electrical properties and thermal conductivities
compared with those of its cubic counterpart. Specifically, the configuration of the electron conduction band and local
symmetry of the phonon vibrational modes in hexagonal SiGe remarkably increase the Seebeck coefficient and phonon
scattering rate, respectively. We propose that hexagonal SiGe is a very promising material for highly active n-type
thermoelectric materials with a figure of merit more than twice that of its cubic analogue. Our approach demonstrates an
attractive method for substantially enhancing conventional material properties without a complicated or expensive process

for developing a novel material.

Keywords: SiGe, First-principles study, Boltzmann transport equation, Polymorph, Thermoelectric



20219 SIEMRSHs| EAStalE

P-32

Study of quantitative analysis in rare earth materials(metal and oxide)
by glow discharge mass spectrometer(GD-MS)

U, RAHA"

37| 2 AA Y
(jaesiky@kbsi.re kr")

H Ao A= HEE A A 28 U=el I ER <& 9 ASHEof t3}o] united states geological survey certificate of
analysis reference materials(USGS-RM, SDO-1, COQ-1)& EAsto] SER Y450 Udl relative sensitivity
factors(RSF) AAISHIL, 4] 4|2 H i 28] =5 2 7)) Hep o] ofsh A}k Ea Y RSF

! sk o] =R g] 9o thE] S o] chat ek Aol g-85tetck

e CECTERIERY
GD-MS+= | E A YA49F BA] 214 0] A1 S H](analyte signal/matrix signal, ion bean ratio(IBR))E- ©|-8-3}o] -5
2957 Sk sPAuk 1 o], 2.8 7R Afol7h EAfsl] tEo] oS Al RSF 3hS TE3le] 2% 4

A)(IBR x RSF = Quantification) ©]| 2-83}c}. USGS-RM, SDO-12] 7-9-0]1 = Si02(49.3 wt%) 7} i E 2] Ao w], -8
Q]| %= La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Yb5-2] 3| EF o] thgh A H 7} 2= o] 9lo] RSFAAT 2 A4 o]
Siot T3t EY A ¢ldof Algtglo] SDO-10f| 225He 40| H RSF §igko] 71531, Yb w&0] mjEE A 7%
EoE 949 AR o] 7Hsstth SDO-1S HAl5ko] A2 A RSFO] 52 918l 5 U3t 3|ALY] FA| 2]
COQ-1(FiE & A: CaO(48.3%)S HAl5 o] v w3ttt & EFA| 29 RSFE | w3dk A3 RSD7}20% o2 A= o}
S mEE AT} SR ehe v uA Yokt FiiA o] 7hs ok 2Rlskeith SDO-12] 9148 RSF= Yb metal 7 Y203

A gof A-gsto] F AR Y B Y4l FefaAo] 285tk

Keywords: YHER], S5, 2294 kA7), Japiia

Hoof b do

° 2 o of

‘207 I



20213 st=2xi=sts| FAsk=3]

P-33

Y] 69
(sanghan@gist.ac.kr")

z
oo
it
Y
H
>,
il
rr
~N
e
iy

4 Q1 o &) Axtolef. o] 25k A A E o] B4 2A
’%M\rilﬁ ‘%‘Q BAAGEE 2 A=) ASAIE o] AR AL QloL, o f Hds o8
Ak 4= Q= vk A8 A 7HE WA TRATE 7F APEEThE 7]E 0] HheA] 7]sH Tt
A = b2 Aofeh ATAE FF20] e 2B axxfo| ﬁ%‘

] 7 BHXltq 2412 if_}%oﬂ % 3}7P 4] 5151 U2 Zolli= dst7t argEich ofof upe} we] e ol A A 4-8-5Fo] o F
o] - Aol A= d=el SrRuOsﬂPt ALl “*‘EV\H =
A= EJ—H B1F6037P e°17P ﬂJH/\]Ei T20] S Fol WAAIE 2 v A8 S-S Felekara) gtk whet
A] pulsed laser deposition (PLD) H'H-2 0]-85}04 SrTiO; 7| $of| of| | Bl A] L%t BiFeO; WA A vlak-S- Z2)510] A F-
A (1-V) 574 4 LAY (C-V) 575 53l PU/BiFeOs/StRuO; AT AE] Fz0) A 2|28 2 WA SAE &
do] Aol W e EIstiT) o] WATAE O] C-V S oA F2] 75 A 7R ofl whet A 4-8-wFo] el 3]
TH7Fs R 44| (OFF, ON1, ON2, ON3) 2 288 4 Q= ths 4485 5442 Felshinh 494 2] % e
EAQL 10° 2 5o SAHH wma] AA o] thal] 20% A E2] effective device yield7} DA =St} E3F ON1, ON2,
ON3 & 3= “write” )3l 0] & “read” s}l ©]%of| OFF 2 A A A SF=“reset"THA|S B A EF|Ql o 2 vhE- 2] 0 7 =3
3o 2y ZH4ekA| 9] o ALk EAJo] vk 1l A]d 73S 912514tk Pt/BiFeOs/SrRuO; AT A E] F-30)| A] W
A A8 SA40] W s HelE olsistr] Qs XA F-AF 23 57485 X5l o] & Sall Akea9] o5 4 oF
ShFEA WL 54 AT w0 9l A o= whetsl 4= QISITh o]t A E 29| BiFeO; THA 7 Biuto] A 2]
s Ao HAL 71E ARAIE 7L EAY wAlES AT 4= o= 7150k thE 9P o A =R A A E 2]

S 7Fs5HA gtk

Keywords: o5 -85, WAIHAE

208
I \)



20219 SIEMRSHs| EAStalE

P-34

Resistive random-access memory (ReRAM) devices based on quasi 2D halide
perovskites for high ON/OFF ratio and long-term stability
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Resistive random-access memory (ReRAM) devices based halide perovskites are emerging as revolutionary data
storage devices due to their switching materials (halide perovskites) received considerable attention in recent years.
Among the electrical characteristics of halide perovskites, its current—voltage (I-V) hysteresis, which may occur because
of defect migration, makes ReRAM employ halide perovskites as switching materials.

In general, the halide perovskite means a 3-dimensional (3D) crystal structure with the general formula ABX3, where a
monovalent A+ cation, a divalent B2+ cation, and the 1— charge of the X halide anion. In the resistive switching process,
conductive filaments in the 3D halide perovskite show repeatable formation and rupture.

However, as a switching material, the morphology of the 3D halide perovskite film is not uniform, and the ON/OFF
ratio of the memory device is low. To overcome these challenges, quasi 2-dimensional (2D) halide perovskites can be
applied to the resistive memory devices.

The quasi 2D halide perovskite structure formed by inserting into large molecule at A sites in a 3D perovskite structure,
which means the 3D structures are broken, and become quasi 2D structures.

Herein, we apply quasi 2D halide perovskite in resistive switching memory devices by inserting phenylethyl ammonium
(PEA) into 3D halide perovskite structure, and the device structure is Ag/ quasi 2D halide perovskite/Pt/Ti/SiO2/Si stack.
The morphology of the film is enhanced, and the resistive switching memory devices exhibit the higher ON/OFF ratio,
compared with those of the 3D perovskite based devices. Also, the air stability is improved.

This research will contribute to the improvement of switching behavior of memory devices and the better understanding

on the resistive switching mechanisms based on the quasi 2D halide perovskites.

Keywords: 3D halide perovskites, quasi 2D halide perovskite, phenylethyl ammonium, ON/OFF ratio, long-term stability
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Recovery and purification for indium metal using by-product
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Synthesis and morphology control of uncalcined hydroxyapatite
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This work reports the preparation and morphology control of uncalcined hydroxyapatite (un-HAp). The un-HAp has
been recently interesting for the preparation of biodegradable devices due to the enhancement of biodegradability. The
un-HAp was obtained from the reaction of the diammonium hydrogen phosphate and calcium nitrate tetrahydrate in
ammonia solution. The characterization was achieved using a field emission scanning electron microscope (FE-SEM), a
dynamic light scattering (DLS). Furthermore, X-ray diffraction (XRD) was used to analyze the crystal phase and
crystallinity. The morphological change of un-HAp from plate to rod was observed above pH 7. The particle size
distribution in the range of pH 3 to 13 achieved approximately 100 to 2,500 nm. The un-HAp highest degree of crystallinity
was about 77% under pH 10.80.

Keywords: Hydroxyapatite, Bioceramics, Uncalcined, Morphology control, Synthesis
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Silica-encapsulated CalB Particles for the Esterolysis of p-Nitrophenyl Butyrate
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This work reports the preparation of silpica-encapsulated Candida antarctica B (CalB) and demonstration of the
esterolysis for p-nitrophenyl butyrate. The silica-encapsulated CalB was prepared by sol-gel reaction to control the
thickness and enhance the stability as a function of the concentration of tetraethyl orthosilicate (TEOS). The particle size of
silica-encapsulated CalB was 4.7 um and was confirmed by SEM and particle size analyzer. Moreover, these particles
were demonstrated the esterolysis for p-nitrophenyl butyrate as the function of used amounts and various pH. The catalytic
parameters of Michaelis-Menten kinetics such as Km, Vmax, and Kcat were calculated. Turnover values of silica-
encapsulated CalB to p-nitrophenol from p-nitrophenyl butyrate was 9.54 and the catalytic activity was optimized in pH
7.0 at 35 °C.

Keywords: CalB, silica, sol-gel, encapsulation, estrolysis
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Shape-Controlled Synthesis of Highly Monodisperse Erbium, Ytterbium doped
Calcium Fluoride Upconverting Nanocrystals
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Lanthanide-based upconverting nanomaterials has been used in various applications such as biomedical imaging,
optical sensors, spectrum converters for photovoltaics, and phosphors for the displays. The host material plays an
important role in upconverting the luminescence properties. Therefore, it is important to develop cheap and earth-rich
materials to take advantage of the physical and chemical properties of lanthanide-based nanomaterials in large industrial
sectors. calcium fluoride (CaF,) is a promising candidate for host materials since the usage of rare earth elements is
substituted to a cheap and earth abundant calcium element. Here, we present size and shape-controlled synthesis of
upconverting CaF, nanocrystals doped with rare-earth elements. CaF, nanocrystals are synthesized with morphology
tunable from nanospheres, nanoplates, truncated octahedrals, and nanowires. We study the near-IR to visible two-photon

upconversion of size and shape-controlled CaF, nanocrystals doped with erbium (Er** ) and ytterbium (Yb*" ) to tailor the

luminescence properties.

Keywords: Colloidal synthesis, Upconversion, Shape control
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Developments of the sensing electrode for organic solvent leak sensor using
graphene nanopowder

Van-Quyet Nguyen, Sang Ho Cho’, Byeol | Im', Jung Hong Min, Ju Young Lee, Bee Lyong YangT

o Fbhatm Al AR FEEHE; Amers. Co. Ltd.
(blyang@kumoh.ac.kr")

Methyl ethyl ketone (MEK), methanol, toluene, xylene, dichloroethylene, dichloroethane, acetone, dichlorobenzene,
methyl acetate, chlorobenzene, chloroform, etc are organic solvents. All of them are environmental pollutants and harmful
to humans. But it is an extremely needful material for manufacturing industry. So, the organic solvent treatment facility
requires a sensor that can determine whether or not the organic solvent leaks.

In this study, the sensing electrode of organic solvent leak sensor was fabricated through the different porosity by
addition of graphene nanopowders into a polytetrafluoroethylene. This electrode has displayed to be both conductive and
hydrophobic conditions, it has also been shown to interact with a variety of organic molecules and perform as a sensor for
their presence. The electrical conductivity of the electrode decreases rapidly upon exposure to hydrocarbons, with
half-lives typically measured in seconds. It was found that the response times vary systematically within each class of
hydrocarbons tested, offering the possibility of determining composition. A conductivity-based sensor was developed and
optimized for the presence of liquid phase hydrocarbons. Poly Fluid leak detection represents a problem that has attracted
the interest of researchers. Indeed, in water or gas supplies, chemical or thermal plants, sea-lines or cooling/heating

systems leakage rates can cause important economic losses and sometimes.

Keywords: sensing electrode, organic solvent, graphene nanopowders, leak sensor
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Reusable and Rapid Esterolysis of Nitrophenyl Alkanoates with
CalB-immobilized Magnetic Nanoparticles
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This study reports the preparation of the Candida antarctica lipase B (CalB) enzyme immobilization on silica-coated
magnetic nanoparticles (Si-MNPs@CalB) using a various cross-linkers, and demonstration of rapid esterolysis of
p-nitrophenyl alkanoates. CalB enzymes were coupled with different cross-linkers silanes (-NH,, -CO,H, and -Cl) on the
Si-MNPs surface. Among these cross-linkers, Cl-functionalized silane was better at immobilization of CalB than the
others were. Esterolysis of p-nitrophenyl alkanoates was demonstrated against Native CalB and Si-MNPs@CalB as a
function of the length of alkyl chain (C4, Cs, Cj, and Cj6). From the Michaelis-Menten equation and Lineweaver-Burk
plots, various enzyme kinetic parameters (i.e., Ky, Vinay, Kear and Ke,/Kp, ) were calculated. Esterolysis was faster on the
shorter alkyl chains of p-nitrophenyl alkyl esters for both Native CalB and Si-MNPs @ CalB in the order C4 > ¢s> Ci»
> > Cy¢. Furthermore, optimum catalytic activity of Native CalB and Si-MNPs@CalB were evaluated different in pH and
the reusability of Si-MNPs@CalB were evaluated as a function of the number of reuses.

Keywords: Esterolysis, CalB, silica magnetic nanoparticles, nitrophenyl alkyl esters, Reusable
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Isolation and characterization of progenitor cells from adult rat kidneys for
Tissue regeneration

Myeongki Park, Byong-Taek Lee" "

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; 'Institute of
Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea, Department of
Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea
(Ibt@sch.ac.kr")

The kidney is an essential organ which produces urine and plays a role in blood pressure control. The major components
of kidney are generated from kidney progenitor cells during fetal life. However, those cells are lost before or soon after
birth when kidney development is completed. This is one of the major reasons why the kidney cannot be regenerated once
it has lost functionality.

Stem cell-based therapy is a new strategy in the treatment due to the highly versatile response of cells to their
environment. These cells may not only differentiate to other cell types depend on the environments but participate in
angiogenesis to facilitate tissue regeneration.

In this study, here we found that progenitor cells in adult kidney were still remained. Isolated progenitor cells were
expressed stem cell markers such as CD90, CD44, and CD29, the same as Bone marrow derived mesenchymal stem cells.
And those cell markers were existed not only in certain region, but also in kidney cortex. Those cells had a multi-potency
which was able to differentiate to different cell types depends on environmental conditions.

Taken together, it could be used making scaffolds with immobilized progenitor cells, and it also could be applied novel

strategy for injured tissue regeneration.

Keywords: kidney, progenitor cells, multi-potency
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In-vitro Evaluation of Tissue Engineering Based Artificial Membrane Bones
Heyijin Tae, Byong-Taek Lee"

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan, South Korea;
'Department of Regnerative Medicine, Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University,
Cheonan, South Korea
(Ibt@sch.ac.kr")

In this study, we developed a novel artificial bone membrane for bone regeneration. Polycaprolactone (PCL), gelatin
(GEL) and tri-calcium phosphate (TCP) membrane were fabricated using electrospinning process. Microstructures and
morphologies of GEL loaded PCL (PCL/GEL), GEL and TCP loaded PCL (PCL/GEL/TCP) were carried out using a
scanning electron microscope equipped with an energy dispersive X-ray spectroscope. In-vitro studies using MC3TC-E1
pre-osteoblast cells showed that PCL/GEL/TCP membranes were excellent biocompatibilities and supported the cell
attachment and proliferation. To make the artificial membrane bone, we seeded bone-marrow-derived mesenchymal stem
cells (rBMSCs) on the PCL/GEL/TCP membrane to differentiated into osteoblasts. The differentiated cells were evaluated

with alizarin red staining and western blots by 7 and 14 days.

Keywords: Tissue Engineering, Artificial Membrane Bones
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In-Vitro Multi Axial Creep Detection of Clear Aligner for Orthodontic Treatment
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Orthodontic clear aligner has obtained the great interest in the last decade as a substitute for a fixed orthodontic
treatment, and clear aligners are characterized by a stepwise correction for malocclusions. For their each steps, a clear
aligner has to provide gentle force over the time, comfortable to wear, and invisibility during the full course of use.

In this study, we have aimed to investigate the creep force and momentum of clear aligners with brand, thickness, or
manufacturing methods on clinical based 3 dimensional mal-occlusion mandibular tooth model by multi-axial load cell
system.

Clear aligner specimens were prepared by thermo-forming (conventional transparent sheet) or 3D printing. The
mal-occlusion mandibular tooth model was fabricated by 3D printing based on clinical casting image which was
constructed by rotating of central incisor by 5 degrees in the disto-mesial direction or not (normal occlusion). The creep
test between clear aligner and tooth models were performed by multi axial load cell (Nano-17, ATL, US) to measure the
value of reducing force and momentum over the time (1~3 days) with 3 dimensional direction (xyz).

Our final goal of this experiment was to confirm the mechanical test method of clear aligner with clinical environment

by effect of materials, design, and manufacturing methods to establish the In-Vitro test protocol.
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Keywords: Mechanical property, Creep, Clear aligner, Orthodontic treatment, Dentistry
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In Vitro Evaluation of Liver Decellularized Extracellular Matrix and
Polysaccharides Scaffold as a Hemostatic Agent

Chu Thanh Lan, Byong-Taek Lee" "

Institute of Tissue Regeneration, College of Medicine, Soonchunhyang University, Cheonan, South Korea; 'Department of
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Chitosan is well-known for its effective hemostatic properties while gelatin is a favorable biomaterial for fabricating
soften and spongy formation. The purpose of this study was to examine the hemostatic properties of porous scaffold made
up of chitosan/gelatin and decellularized extracellular matrix (dECM) powder obtained from porcine liver. Scaffold was
fabricated under the principle of acid solubilization of decellularized extracellular matrix. Physico-mechanical characterization
were performed. Results showed that the triumphal output in terms of intrinsic blood clotting was claimed in-vitro by
chitosan/gelatin with dECM. Furthermore, cell toxicity evaluation with L.929 cell line showed that both chitosan/gelatin
and chitosan/gelatin with dECM have no obviously toxic. Thus, chitosan/gelatin with dECM scaffold can be observed as a

potential absorbable hemostatic material in the prevention of hemorrhage diseases or expected bleedings in surgeries.

Keywords: chitosan, gelatin, decellularized extracellular matrix
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Hydrophobic mesoporous silica particles modified with non-fluorinated alkyl silanes
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This work reports the preparation of hydrophobic mesoporous silica particles (MSPs) modified with non-fluorinated
alkyl silanes. Alkyl silanes were grafted onto the surface of the MSPs as a function of the length of non-fluorinated alkyl
chains such as propyl-triethoxysilane (Cs), octyl-triethoxysilane (Cs), dodecyl-triethoxysilane (C;,), and octadecyl-
triethoxysilane (C,s). The contact angles of the alkyl silane-modified MSPs were increased as a function of the alkyl chain
lengths in the order of C;g > C;, > Cg > Cs and the contact angle of C,g-modified MSPs was 4 times wider than that of
unmodified MSPs. Furthermore, the hydrophobicity of the non-fluorinated alkyl silane-modified MSPs was also
demonstrated by the adsorption of hydrophobic lecithin compound, and showed the increase of lecithin adsorption as a
function of the alkyl chain lengths due to the hydrophobic interaction. The solid-state *’Si-MAS NMR was used to analyze
the silane modification on MSPs at different temperature (25 °C, 40 °C). Consequently, hydrophobic modification on
MSPs surface using non-fluorinated alkyl silanes was best preferred in a protic solvent, with a reaction time of ~ 24 h at 25

°C, and at a high concentration of silanes.

Keywords: Hydrophobic, Mesoporous silica particles, Non-fluorinated, Alkyl silanes, Contact angle
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Gram-scale synthesis of size-controlled Cu powders via high concentration Cu ion
precursor
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Copper particles of various sizes are widely used in high catalytic, optical, and electrical conducting properties
applications. Solution-based chemical reduction synthesis has been a representative metal particle synthesis method due to
its economical and simple characteristics compared to other processes. However, the conventional solution-based
techniques, which control the nucleation and growth of copper species, are incompatible with the cost-effective mass
production because of the low nucleation rate induced by low concentration precursors. Also, this process requires control
of the size by optimizing experimental parameters such as the ratio of chemical additives to the precursor salt, resulting in
special arranged synthetic conditions. In general, the nucleation rate is faster at higher precursor concentrations, which
means that the particles can be synthesized in large quantities. However, there is no research on the synthesis of copper
particles using high-concentration precursors produced. In this study, a solution-based gram-scale production of copper
particles was attempted using high concentration metal complex precursors produced from various reducing agents. Under
the conditions of room temperature and pressure, the initial nucleation rate and frequency were simply controlled by
reducing agents with various reduction potentials. Through this simple process, copper particles with sizes of 70nm,
300nm, and 1.4pum were successfully synthesized and the physicochemical properties were systematically investigated

through various analysis methods.

Keywords: Copper particle, Solution-based synthesis, Chemical reduction, Reduction potential
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Fabrication of Low-Cost Inorganic Solvent Leak Sensors Using
Multi-walled Carbon Nanotubes
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Methyl ethyl ketone (MEK), methanol, toluene, xylene, dichloroethylene, dichloroethane, acetone, dichlorobenzene,
methyl acetate, chlorobenzene, chloroform, etc are organic solvents. All of them are environmental pollutants and harmful
to humans. But it is an extremely needful material for manufacturing industry. So, the organic solvent treatment facility
requires a sensor that can determine whether or not the organic solvent leaks.

In this study, the sensing electrode of organic solvent leak sensor was fabricated through the different porosity by
addition of graphene nanopowders into a polytetrafluoroethylene. This electrode has displayed to be both conductive and
hydrophobic conditions, it has also been shown to interact with a variety of organic molecules and perform as a sensor for
their presence. The electrical conductivity of the electrode decreases rapidly upon exposure to hydrocarbons, with
half-lives typically measured in seconds. It was found that the response times vary systematically within each class of
hydrocarbons tested, offering the possibility of determining composition. A conductivity-based sensor was developed and
optimized for the presence of liquid phase hydrocarbons. Poly Fluid leak detection represents a problem that has attracted
the interest of researchers. Indeed, in water or gas supplies, chemical or thermal plants, sea-lines or cooling/heating

systems leakage rates can cause important economic losses and sometimes.

Keywords: sensing electrode, organic solvent, leak sensor, graphene nanopowder
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Fabrication of Bi-layered small diameter vascular grafts by using electrospun Silk
fibroin and PU/PCL nanofibers with mechanical property, in vitro and in vivo
biocompatibility analysis
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There is an increasing demand for functional small-diameter vascular grafts (diameter <6 mm) to be used in clinical
arterial replacement. Electrospun hybrid nanofibers prepared using combinations of natural and synthetic polymers have
been widely investigated in cardiovascular tissue engineering. In this study, electrospun (PCL/PU) polycaprolactone/
Polyurethane (outer layer) and silk fibroin (inner layer) bi-layered scaffold (diameter <2mm) was produced. Scanning
electron microscope (SEM) analysis was performed and the micrographs showed that the fibers of both layers were smooth
and homogeneous. Water contact angle measurements further demonstrated hydrophilicity of the scaffold. Tensile test for
mechanical strength was done on bi-layered scaffold to perceive appropriate properties for the specific application. To
determine cell attachment and migration on the scaffold, outer layer was seeded with Rat Primary Glomerulus Endothelial
Cell (rGEC) and inner layer was loaded with heparin and fibroblast growth factor (bFGF). MTT assay was showed that the
cells grew and proliferated well on both layers of the bi-layered scaffold. Overall, these in vitro studies revealed that the
bi-layered PCL/PU-Silk scaffold was biocompatible and had a good mechanical behavior.

Keywords: small diameter vascular grafts, electrospinning, PCL, silk, PU
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Extracellular matrix loaded moldable and injectable alginate-cellulose 8-TCP
beads for accelerated bone regeneration
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Korea; 'Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan-31151,
Republic of Korea; Institute of Tissue Regeneration, Soonchunhyang University, Cheonan-31151, Republic of Korea
(Ibt@sch.ac.kr")

Extracellular matrix (ECM) is a 3d frame of proteins, growth factors and macromolecules playing significant role in
tissue regeneration. ECM obtained from allogeneic sources upon decellularization thus bearing a great hope in tissue
engineering field. Even after decellularization, we detected optimum amounts of native bio functional proteins and
macromolecules into ECM derived from porcine liver. The ECM was utilized with natural polymers sodium alginate and
tempo-oxidized nanocelluloase in combination with bioactive calcium phosphate BTCP in order to fabricate beads for
orthopedic application. Three groups of beads were developed without ECM- BTCP (AC), with only BTCP (TAC) and
with both fTCP and ECM (ETAC). It was observed that cellular affinity and biocompatibility of beads were interestingly
increased after addition of ECM. Densely cellular assemble surrounding the beads (ETAC) were visualized during five
days of co-culturing with cells. After implantation of beads into rabbit femur, ETAC facilitated regeneration of more
uniform cortical and cancellous bones than those of other two groups AC, and TAC. Al though the regeneration capacity of
beads TAC was also notable, the healing speed and quality were quite faster with beads ETAC that indicated the
synergizing action of ECM and BTCP for accelerated bone remodeling. Moreover mold-ability and inject-ability also

rendered advantages to the beads for clinical application.

Keywords: ECM, bead, biocompatibility, moldable, bone regeneration

227
(/ [



2021A= SHEMRSHS| EA St

P-53

Development of Decellularized ECM Hydrogel Based 3D Printable Bio-Ink for
Cartilage Regeneration

Prayas Chakma Shanto, Byong-Taek Lee"T

Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan-31151, Republic of
Korea; 'Department of Regenerative Medicine, College of Medicine, Soonchunhyang University, Cheonan-31151,
Republic of Korea; Institute of Tissue Regeneration, Soonchunhyang University, Cheonan-31151, Republic of Korea
(Ibt@sch.ac.kr")

The extracellular matrix (ECM) provides instructive cues for cell attachment, proliferation, differentiation, and most
importantly, it preserves tissue native environment. The use of decellularized ECM (dECM) in regenerative-medicine
approaches has been rapidly expanding, especially in cartilage regeneration. For cartilage regeneration, it needs to develop
a bio-ink with biocompatibility, biodegradability, and good printability. Cellulose nanofiber (CNF) has gained increased
interest for biomedical applications because of its unique properties, including sustainability, biodegradability,
biocompatibility, high surface area, and good strength properties. Sodium alginate (SA) also has good biocompatibility,
cross-linking properties, and it can form a gel under mild conditions. The study’s objective was to prepare a hydrogel type
3D printable bio-ink by directly mixing dECM, TEMPO-oxidized cellulose nanofiber (TOCN), and alginate to fabricate a
functional biomolecule-containing scaffold. A calcium chloride solution was sprayed during the printing process to
partially cross-link alginate and increase the printed gel’s dimensional stability. At the end of the printing process, the
prepared scaffolds were immediately cross-linked using calcium chloride to provide the hydrogel’s rigidity and give it
long-term stability. TEMPO-Oxidized CNF was used as support for cross-linked alginate through the new TEMPO-
induced carboxyl groups’ participation in constructing the cross-linked network. To better understand the mechanisms
governing the manufacturing of scaffolds by 3D printing, the rheological behaviour and cell biocompatibility were

investigated.

Keywords: 3D Printing, Silk-Fibroin, dECM, Cartilage Regeneration
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Computated big data driven design of sensitive and selective virus-based
electronic nose towards volatile organic compounds
HIER, MEH| SMF, SR
HA e
(bchan@yonsei.ac.kr")

A portable, highly sensitive and selective phage-based electronic nose towards explosives is designed using
computationally guided experimental genetic engineering. Big database for 8,000 tripeptides with nine volatile organic
compounds belonging to three chemical classes is established to investigate unique chemical affinity. With the help of first
principles density functional theory calculations, we unveil the underlying sensing mechanism that even the partial
difference in genetic sequences of peptides demonstrates unique optical properties, as both aromatic and aliphatic
molecules are attached. With high-throughput computational screening and binding energy score program we identify
promising peptides, enabling bacteriophage based electronic nose to detect specific explosives with outstanding sensitivity
and selectivity. Density functional theory calculations show distinct electronic bandgap redshift with varying peptide,
inciting that the peptide sequence is the key descriptor for the chemical affinity toward the explosive molecules, thus the
molecules can be easily identified with appearing colors of the phage bundles. The computational prediction is validated
using in-vitro experiments with multiarray of genetically modified phages of five selected tripeptide sequences (AHW,
WAW, WHA, WHW, WWW) and wild-type phages. Classification success rates from hierarchical cluster analysis very
consistently agree the computational outcomes on the electronic nose performance. Our result elucidates the fundamentals
for selective and efficient optical biosensor generated from genetically engineered phages, and their ability of
distinguishing not only the explosives in different, but also in same chemical classes. Thus, the design principle proposed

in this study provides guidelines for the construction of practical electronic nose.

Keywords: Virtual screening, First-principles calculations, M 13 bacteriophage, Electronic nose, Volatile organic compounds
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Colloidal Synthesis of Monodisperse Phase Change Core-Shell Nanobeads for
Thermal Energy Storage
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Phase change materials (PCMs) have attracted significant attention for the applications in thermal energy storage and
managements. A latent heat of organic or inorganic materials in the phase change process is commonly used for the energy
storage. It is isothermal process with small temperature variation and exhibits high energy storage density, which allows
for PCMs to be utilized for various fields such as the solar energy managements, energy saving building, thermal
managements for electronics, and textiles. Here, we present colloidal synthesis of highly monodisperse phase change core-
shell nanobeads via emulsion polymerization. Organic paraftin core was over-coated by polymeric shell, which effectively
prevents the leakage of PCMs during the phase change process, and also improves the heat storage capacity of PCMs. We

confirmed the structures, composition and thermal properties of nanobeads fabricated with different reaction parameters.

Keywords: Colloid, Phase change material, Thermal energy storage
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Polymorph Lead Vanadate Synthesis and its Application for
Wearable Aqueous Supercapacitor

EA17|, HHof|X|, Qadeer Akbar Sial', MSEHT

Department of Materials Science & Engineering, Ajou University; 'Department of Energy Systems Research, Ajou
University
(hseo@ajou.ac.kr')

Supercapacitors are of keen interest for the modern electronics industry because of their high- power density, cyclic
stability and supercapacitors are important regarding safety aspects. Thus, for the development of industries including [oT
(internet of things) demands for highly stable, with high power and energy density supercapacitor. Carbon based materials
are very popular for supercapacitor applications, but they suffer from poor conductivity and low specific capacitance.
Hence to solve this issue, finding alternative supercapacitor materials are on demand. Herein the growth of Lead vanadate
(PbVOx) on nickel foam is reported with the excellent electrochemical properties. PbVOX was synthesized using
hydrothermal route and morphology was controlled by controlling the synthesis time and capping agent. The chemical
composition and structural analysis were performed by using different physical characterization techniques including
scanning electron microscope (SEM), X-ray diffraction (XRD) and XPS. The obtained materials showed better
electrochemical performance in the 1 M KOH electrolyte and were also tested in acid and neutral electrolyte for
comparison study. The supercapacitor performance evaluation was performed by testing the fabricated supercapacitor by
Cyclic Voltammetry (CV), Galvanostatic charging - discharging (GCD) and electrochemical impedance (EIS) analysis.
The stability was tested by performing CV cycles test over 5000 cycles and it showed capacitance retention of 89.01%
which is acceptable level for supercapacitor. Overall, our results indicated that the polymorph PbVOX based
supercapacitor electrode showed excellent electrochemical performance with high specific capacitance and cyclic life

which can be extended for practical applications.

Keywords: supercapacitor, Lead vanadate, aqueous electrolyte, polymorph, hydrothermal
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Thermoelectric Properties of Te-doped Mgs;Sb, Synthesized by Controlled
Melting, Pulverizing Followed by Vacuum Hot Pressing

Md. Mahmudur Rahman, Soon-Chul Ur '

Dept. of Material Sci. and Eng., Research Center for Sustainable Eco-Devices and Materials (ReSEM), Korea National
University of Transportation, Chungbuk, Chungju, Republic of Korea
(scur@ut.ac.kr’)

Zintl compound Mg;Sb; is a potential thermoelectric candidate material due to its low band gap energy and low thermal
conductivity. Carrier concentration tuning by Te doping was considered in order to increase electrical conductivity for
higher ZT in this study, since Te substitution in Sb site can increase carrier concentration. The samples were prepared by
controlled melting, pulverizing followed by vacuum hot pressing. Phase development during the process was confirmed
using X-ray diffraction, and the resultant microstructure was examined using SEM. The subsequent thermoelectric and
transport properties were also evaluated and discussed. Te doping was shown to increase in electrical conductivity, leading
to higher ZT value in this material system. It is also noting that Te substitution in the Sb site effectively tunes the majority

carriers from holes to electrons, showing a transition from p to n-type as Te concentration is increased.

Keywords: Zintl phase, Mg3Sb2, controlled casting, vacuum hot press, thermoelectric
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Fabrication and characterization of Fluorine (F) doped AZO (F:AZO) transparent
conducting electrodes and their application in CZTSSe solar cells
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(jinhyeok@jnu.ac.kr")

Recently kesterite based Cu2ZnSn(S,Se)4 (CZTSSe) photo absorber materials have been widely studied for thin film
solar cells application. They exhibit low cost, nontoxic and earth abundant elements which makes them superior that of
CIGS. Although the CIGS based solar cell reached over 20% device efficiency, the CZTSSe based solar cell still exhibits
highest device efficiency of 12.6%. To overcome this performance gap, it is necessary to improve each constituting layer
properties from the solar cell. Among them, the window layer which one the important part of the solar cell must exhibit
high transparency and good electrical characteristics. It helps to transmit maximum light towards the absorption layer and
efficient charge transfer in the solar cell. The most commonly used window/transparent conducting electrode (TCO)
material to date is Aluminum (Al) doped ZnO (AZO). Further, to improve further device efficiency it is necessary to
improves AZO properties. However, improving the properties of ZnO through doping of single element has the
disadvantage of improving only one property. To solve this problem, we studied synergistic effect of Al and Fluorine (F)
doping properties to improve the multiple properties at the same time. Among them, F can provide additional donners by
replacement of the oxygen atom and there by improvement in electrical properties. Moreover, provide high transmittance
in the long wavelength region and carrier mobility. In this study, F was added to AZO to evaluate the characteristics of the

thin film, and the effect on the solar cell parameters was analyzed by applying it to the CZTSSe solar cell.

Keywords: thin film solar cells, CZTSSe, TCO, AZO
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The Study on Improving Heterojunction Interface Quality of
SnS/CdS Thin Film Solar Cells
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(jheo@jnu.ac.kr’)

Orthorhombic tin sulfide (SnS) is promising absorber material for thin-film solar cells (TFSCs) because it has an ideal
optical band gap (~1.3 eV) and it comprises of relatively earth abundant constituents and non-toxicity. But till date, the cell
efficiency has mostly remained below 4% which is fairly low compared to its theoretical limit of ~32%, because of low
heterojunction quality with CdS buffer layer.

This study reports the highest efficiency of 4.225% for vapor-transport-deposited (VTD) SnS absorber/CdS
heterojunction solar cells with good long-term stability. These improved characteristics are primarily attributed to the
reduction in interface defects of the SnS/CdS heterojunction, which can occur either during the deposition of transparent
electrodes (Al-doped ZnO) or direct annealing of SnS/CdS heterojunction at 300 °C. The enhanced heterojunction
interface quality is well supported by the substantially reduced reverse saturation current density and shunt conductance of
the fabricated devices measured under dark conditions. Although the SnS/CdS device exhibits efficiency over 4%,
significant short-circuit current loss mainly due to recombination was revealed by quantum efficiency and optical analysis.
Admittance analysis shows the presence of numerous defect densities of Sn and S vacancies (>10"7 ¢cm™) in the

VTD-grown SnS absorber. The detailed analysis of the device performance will be presented.

Keywords: SnS, CdS, Heterojunction, Interface, Thin film solar cell
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Hydriding Kinetics and Material Life Cycle Assessment on
Mg2NiH,-5, 10, 20wt% CaO Composites by Hydrogen Induced Mechanical Alloying
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Major countries around the world are paying attention to ‘hydrogen energy’ as the next-generation energy source. Since
hydrogen does not emit pollutants even after combustion, it is considered an eco-friendly alternative to fossil fuels such as
coal and petroleum. Therefore, hydrogen is a next-generation energy source prepared for the era of the hydrogen economy,
and various studies are being conducted in various fields such as manufacturing, storage, and use. Among them, many
studies are being conducted to safely and efficiently store hydrogen because it requires attention to efficiency and stability
when storing hydrogen. In particular, Mg and Mg-based materials are lightweight, low-cost materials with high hydrogen
storage capacity, but have a disadvantage in that the reaction rate is slow. Accordingly, in order to improve the hydriding
kinetics using CaO, an alkaline earth metal oxide as a catalyst, a hydrogen induced mechanical alloying (HIMA) was
performed to synthesize a composite, and then the hydriding kinetics was evaluated. XRD, SEM, BET, and TGA analyzes
were performed and kinetics were evaluated using an automated PCT measurement system. In absorption kinetics tests,
Mg,NiH,-5, 10, 20wt% CaO composites were evaluated to have up to 1.14wt%, 1.17wt%, and 1.19wt% hydrogen
absorption within 3600 seconds at 623K. In this study, Material life cycle evaluation was performed to analyze the
environmental impact characteristics of the Mg,NiHy-5, 10, 20wt% CaO composites manufacturing process. The software
of MLCA(Material Life Cycle Assessment) was performed by Gabi. As a result, the contents of Global warming potential

(GWP) and fossil fuels were founded to have a higher impact than other impact categories.

Keywords: Hydrogen energy(5=4~ o]\ X)), Hydrogen storage(5=4~> A7), Kinetics(5-28h, HIMA(54 711E 71414
&=2h, MLCA (&334 7h
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Correlation between i-ZnO0 thickness and TCO deposition temperature in
CZTSSe solar cells

Jun Sung Jang, Jin Hyeok Kim '

Chonnam National University
(jinhyeok@jnu.ac.kr")

CZTSSe is an attractive candidate to replace CdTe, CIGS and silicon based solar cells because of its low cost,
earth-abundant element and high light absorption coefficient. Optimization of all layers and interfaces is essential to
increase the power conversion efficiency (PCE) of CZTSSe solar cells. Especially, i-ZnO and TCO are one of the
important layers in CZTSSe solar cells because they must transmit light to the absorber layer and having conductivity for
carrier movement.. Our research group confirmed that the i-ZnO thickness and TCO deposition temperature are related to
each other. In this study, the PCE change of the CZTSSe solar cell was confirmed by controlling the i-ZnO thickness and
the TCO deposition temperature to 30 to 90 nm and 350 to 500 degrees, respectively. When the high i-ZnO thickness and
TCO deposition temperature, the low i-ZnO thickness and TCO deposition temperature were applied, the efficiency of

CZTSSe solar cell tended to increase.

Keywords: ZnO, thin film, CZTSSe solar cell, RF magnetron sputter
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a] F<4(Na, K, Rb, Cs)2 ©]-83F T4 2] 34 (PDT: post deposition treatment)-2> Cu(In,Ga)Se2 (CIGS) E+=
Cu(In,Ga)SSe, (CIGSSe) BTt el oA 2] 3t §-8-2 gFAro Qlo] £ Q81 7| o|th F L Cs-PDTE 4835 CIGSSe AR}
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Keywords: Cu(InGa)Se,, KF-PDT, CsF-PDT, MgF, anti-reflective coating
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Keywords: Cu-deficient metal precursor, pure sulfide Cu(In,Ga)S2, Voc boosting, wide bandgap, chalcopyrite
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The Influence of CdS Buffer Layer Thickness on SnS Thin Film Solar Cells
ZXHR, SIRHE

Kk EIETA
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The substrate-type thin film solar cell (TFSC) consists of various layers, such as back contact, absorber layer, buffer
layer, window layer, and top contact. Therefore, optimization of the process conditions for each layer is essential to
produce a TFSC with a high and consistent power conversion efficiency. Especially, the n-type buffer layer forms a direct
junction with the p-type absorber layer. The quality of this junction directly affects the characteristics of Vyc and
short-circuit current (Jsc) of TFSCs; thus, it is necessary to establish the process conditions for the buffer layer.

In this work, we investigated the effect of thickness of the CdS buffer layer on the performance of SnS/CdS TFSCs. SnS
films were deposited by vapor transport deposition using SnS powder in a horizontal furnace and CdS buffer layer was
deposited by chemical bath deposition method. The thickness of the CBD-CdS buffer layer was varied by changing the
deposition time from 15 to 25 min, which resulted in a thickness variation within the range of 30—80 nm. Finally, we
fabricated the complete devices and compared the performances of the SnS/CdS TFSCs. The maximum PCE of 3.05%
with Voc=0.297 V, Jsc = 19.4 mA cm?, and fill factor (FF) = 52.8% was achieved for ~42 nm thick CdS buffer layer (18

min of CdS deposition time). More details on device properties will be discussed in this presentation.

Keywords: Tin sulfide(2}3}5=4), Vapor transport deposition(7]4}22H]), Cadmium sulfide(3}3}7+=%5), Buffer layer
(1<), Solar cell(EjeF Z1A])
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Evaluation of Electrochemical Properties of Lithium-Based Hydride in
Room Temperature Conditions
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All-solid battery research is active in battery-related companies around the world. In particular, the replacement of
conventional lithium batteries in the EV(Electrochemical Vehicle) field can reduce the BMS(battery management system)
parts for safety, thereby increasing the internal capacity of the battery by adding more catohde materials. Currently,
research on sulfide series with excellent conductivity and electrochemical stable oxide series is active in the field of
all-solid batteries. In addition, according to prior research by Professor Orimo of Japan, LiBH4 was found to have a
compliance ionic conductivity of 10~ S/cm through the deformation from high temperatures to hexagonal structures,
suggesting the possibility of research of all-solid batteries of hydride series. However, since Li-ion batteries are generally
used in the temperature region between -20°C and 60°C, the temperature of 383K, which changes to the Hexagonal
structure, is not suitable for the temperature conditions in which batteries are used. Therefore, the ion conductivity at room
temperature should be measured to determine whether it can be commercialized or not. In this experiment, electrochemical
impedance spectroscopy of the three hydrogen compounds LiBH4, LiH, and LiAlH4 was typically performed. The

temperature was carried out under 300K conditions and their measurements were compared.

Keywords: All-solid state battery( 712451 A]), Hydride(<=4~3}1=), on conductivity(©]- 274 ), Electrochemical Impedance
Spectroscopy( ¥ H 2~ £-F1H), Room temperature(d<>)
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Achieving low Voc-deficit characteristics in Cu2ZnSn(S,Se)4 Solar Cells
Vijay C. Karade, Jin Hyeok Kim '

Chonnam National University
(jinhyeok@chonnam.ac.kr")

Kesterite-based thin-film solar cells (TFSCs) have gained growing attention in the photovoltaic (PV) sector for their
elemental earth abundance and low toxicity. An inclusive study from the past reveals basic knowledge about the grain
boundary (GB) and grain interior (GI) interface. However, the compositional dependency of the surface potential within
GBs and GIs remains unclear. The present work highlights deep insights into the surface potential of the bulk and GB
interfaces. The Sn composition is sensitive to the absorber morphology and, therefore, it significantly impacts absorber and
device properties. Absorber morphology improves with the formation of larger grains as Sn content increases.
Additionally, the presence of SnSe2 and increased [ZnCu + VCu] A-type defect cluster density was observed and validated
through Raman analysis. The secondary ion mass spectroscopy analysis revealed, the altered distribution of sulfur and
sodium with higher near-surface accusation. Thus, the synergistic outcome of the increased density of defects and the
accumulation of S near the interface provides a larger GBs and Gls difference and expedites carrier separation
improvement. Consequently, at an optimum compositional ratio of Cu/(Zn+Sn) = ~0.6, the power conversion efficiency

(PCE) is significantly improved from 8—11%.

Keywords: CZTSSe, kesterite solar cell, surface potential, defects, Voc-deficit
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The Influence of Growth Conditions on VTD-SnS Absorber Layer for
Thin Film Solar Cells
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Orthorhombic tin sulfide (SnS) has recently been emerged as a very promising absorber material for thin-film solar cells
(TFSCs). It has an ideal optical band gap (~1.3 eV) and it comprises of relatively earth abundant constituents and
non-toxicity. But till date, the highest efficiency obtained from the SnS-based solar cells is 4.36%, which is fairly low
compared to its theoretical limit of ~32%. SnS is a non-cubic material unlike CIGS or CdTe, crystallizing in an
orthorhombic structure (JCPDS No. 39-0354, a=4.3291 A, b=11.1923 A, c =3.9838 A). It easily leads to the formation
of layered features. Therefore, controlling the morphology of the SnS absorber with dense and pinhole-free grains is
crucial.

In this study, the influence of vapor transport deposition (VTD) conditions of tin sulfide (SnS), i.e., growth temperature
and duration, on the formation of secondary phases, preferred orientation, and solar cell performance, was investigated. In
the growth temperature effect experiment, the morphology is grew as plate form with increasing temperature and the
secondary phase was found at low temperature. Also, it was confirmed that the film thickness wase increased linearly with
duration and When the growth duration increases to 10 min, a dramatic improvement in the device performance is noted.
Finally, fabricated SnS TFSCs (thin film solar cells) achieved near 4% efficiency (Voc ; 0.342 V, Jsc ; 19.8 mA cm™, FF ;
58.0%) at 600 °C growth temperature and 10 minutes duration. In addition, working stability under continuous

illumination and damp-heat (85/85) conditions was investigated for the best cell in this study.

Keywords: Tin monosulfide, Vapor transport deposition, Growth temperature, Duration, Thin-film solar cells, Absorber
layer
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Evaluation of Thermal Conductivity on Salt-like Hydrides
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In recently years, Fire and explosion accidents in electric vehicles and lithium-ion batteries have increased. This is
because it uses a flammable organic liquid electrolyte, which is unsafe for vehicle applications when battery size is
increased. To solve this problem, The use of a solid electrolyte instead of a liquid electrolyte in the battery has been
suggested as a way. The safety problem of battery is mainly contributed by thermal runaway caused fire and explosion.
Thermal conductivity is considered one of the most important parameters that determine the safety of batteries. Low
thermal stability can cause adverse reactions and thermal runaway inside the material. Hence, various kinds of solid
electrolytes and thermal conductivity have been investigated to date. In this study, Among various solid electrolytes, A
salt-like hydrides (LiH, LiBH,4, LiAlH4) was selected as the solid electrolyte due to it has high conductivity and excellent
compatibility with lithium electrodes. Thermal conductivity was analyzed by Laser Flash method to analyze the thermal
stability of salt-like hydrides. Thermal runaway and stability were examined. Plus, we examined whether salt-like hydrides

are suitable as solid electrolytes.

Keywords: solid-state battery(13L%] %17]), salt-like hydride( AP 424:8H8), thermal conductivity( 2 HEE),
safety(Q144]), thermal runway( E%55)
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Wristband-type Wireless Presenter based on Thermoelectric Generator
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To attain power conversion from human warmth, some points for the design of the device would be considered, for
example, the place to wear, thermoelectric module dimension, the thermal resistance, etc. In this presentation, human wrist
was chosen for thermoelectric power conversion for wristband-type wearable applications. Considering the dimension and
thermal resistance of human wrist, the area and thermal resistance matched design of thermoelectric module was
determined. In the thermoelectric module, the dimension of thermoelectric legs and the number of thermoelectric leg-pairs
dependent output power performances of the thermoelectric generator on the human arm condition was calculated using
1-dimensional approximated heat flow equations with the temperature dependent material coefficients of the constituent
materials and the dimension of the substrate. With the optimum thermoelectric generator design, thermoelectric generator
modules were fabricated by using newly developed fabrication processes, which is mass production possible. The
electrical properties and the output power characteristics of the fabricated thermoelectric modules were characterized by
using a home-made test set-up. The output voltage of the designed thermoelectric generator was a few hundreds of mV and
its output power was a few mW under the conditions at the virtual human arm condition. The measured output voltage and
power of the fabricated thermoelectric generator were slightly lower than those of the designed thermoelectric generator
due to several reasons. For applications, wristband-type wireless presenter was made and demonstrated by using the above

thermoelectric generator, heat sink, power management integrated circuit, etc.

Keywords: Wristband, Wireless Presenter, Thermoelectric Generator
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Effect of Ge doping on performance of Cu2ZnSn(S,Se)4 (CZTSSe) thin film solar cells

Kuldeep Singh Gour, Jin Hyeok Kim '

Chonnam National University
(jinhyeok@chonnam.ac.kr")

Effect of germanium (Ge) doping on crystal growth and device properties of CZTSSe thin film solar cells were
investigated. CZTSSe thin films were prepared by stacked layers from Zn, Sn and Cu metal targets using sputtering
followed by post sulfo-selenization process. It was observed that doping of Ge improves the grain growth, compactness
and crystallinity of CZTSSe absorber layer which results enhanced solar cell device performance from 7.92 to 10.09%.
These results suggest the possibility to achieve a further improvement in the optoelectronic characteristics of the solar cells
that could be accomplished by optimization of processes with a fine-tuning of the Ge doping in the CZTSSe absorber

material.

Keywords: CZTSSe, Ge doping, Solar Cell, Sputtering
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by controlling the annealing temperature in RTA system
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The Cu,ZnSn(S,Se)s Solar cells has been attracting great attention, because its absorber consists of earth-abundant and
nontoxic elements. CZTSSe solar cells however, perform poorly compared to counterparts such as Cu(In,Ga)(S,Se)»
(CIGS) solar cells and CdTe solar cells, due to high open-circuit voltage (V) deficit. The high V.. deficit in CZTSSe solar
cells may be caused by band tailing effect, point defects, surface recombination, and etc. In particular, fabrication of
absorber using PVD can easily lead to poor surface morphology such as pin-hole and voids. If the annealing temperature is
too low, the grains size is small, and if the annealing temperature is too high, both Sn loss and secondary phase which
known as the recombination center for mobile charge carriers occur. To overcome this problem, during chamber RTA
process, slightly different working temperatures are applied in order to form large and uniform CZTSSe grains. It is also
aims to suppress creation of the secondary phase. The CZTSSe films are prepared by sputtering and post-annealing
process, and analyzed by X-ray diffraction, Raman spectroscopy, Incident photon-electron conversion efficiency, and

Scanning electron microscopy.

Keywords: CZTSSe, Kesterite, RTA, Annealing temperature
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Powder-free fabrication of the reliable Bi,Tes-based thermoelectric alloys

Sung-Jin Jung, Seung-hyeok Lee, JoonChul Shin, Hyung-Jin Choi, Soo Young Jung, Ruiguang Ning,
Min seok Kim, Seong Keun Kim, Jin-Sang Kim', Seung-Hyub Baek '

Electronic Materials Research Centers, Korea Institute of Science and Technology; 'Institute of Advanced Composite
Materials, Korea Institute of Science and Technology
(shbaek77@kist.re kr')

Precise control of carrier density is essential to synthesize high-performance thermoelectric materials. Here, we explore
a powder-free fabrication technique to synthesize n-type bismuth tellurium selenides, combining a cold deformation and a
hot extrusion. The cold deformation enables controlling the electron density in the range of ~10"*-cm via the formation of
intrinsic point defects, and the hot extrusion allows texturing the microstructure to enhance the electrical conductivity,
hence a large power factor of > 5x107 W-m™-K . We confirm that our process is very reproducible, and the properties of
the samples are stable without aging even after thermal stresses. Using this method, we can decouple the relationship
between bandgap, carrier density, and composition to improve the high-temperature thermoelectric property. Moreover,
we demonstrate the fabrication of high-performance thermoelectric materials from low-graded, raw materials by
modifying the degree of the mechanical deformation to reach an optimum carrier density. Equipped with the ability to
control electron density, we constructed a thermoelectric property map of the n-type (1-x)Bi,Te; - xBi,Se; alloy system, to
provide guidance on designing high performance thermoelectric modules for various applications. Our work provides a

promising approach to synthesizing thermoelectric materials in the reproducible and adaptable way.

Keywords: Powder, thermoelectric, Bi;Te;
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Effect of Annealing and Precursor Concentration on Spin-coated Tin Sulfide
Thin-films for Solar Cell Application

Pravin Pawar, 5{xXi&"
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Among the p-type chalcogenides family, orthorhombic tin sulfide (0¢—SnS) has recently emerged as a promising
absorber layer for a photovoltaic device application due to its suitable optical bandgap of ~1.32 eV and high optical
absorption coefficient of > 10° cm™. Despite of having great absorber properties, the highest efficiency obtained from the
SnS-based TFSCs is 4.8%, which is fairly low compared to its theoretical limit of ~32%. SnS is a non-cubic material unlike
CIGS or CdTe, crystallizing in an orthorhombic structure. It easily leads to the formation of layered features. Therefore,
controlling the morphology of the SnS absorber with dense and pinhole-free grains is crucial.

In this study, SnS thin films were deposited using a simple and low-cost spin coating method for solar cell applications.
The present study demonstrated the deposition of SnS thin films on soda-lime glass (SLG) and SLG/Mo substrates. The
developed films were subsequently applied for the fabrication of a thin-film solar cell. The effect of the annealing
temperature on the structural, optical, and morphological properties of the deposited SnS films was analyzed. The
precursor concentrations and the annealing temperature played a critical role in determining the phase composition and
morphological characteristics of the SnS thin films. The results obtained from X-ray diffraction revealed that the films
annealed above 300 °C for one hour exhibit a pure SnS phase with the single (040) plane. TFSC with SLG/Mo/SnS/
CdS/i-ZnO/AZO/Al configuration was fabricated using the optimal precursor ratio, i.e., Sn:S = 1:1.2, and this device

showed a photoconversion efficiency of 0.076%.

Keywords: SnS, Thin film solar cell, Spin coating, Optical properties, Structural properties
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The Effect of #/Zn0O Thickness on The Performance of
VTD-SnS/CBD-CdS Thin-film Solar Cells
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Orthorhombic tin monosulfide (SnS) having optical band gap (~1.35 eV), high absorption coefficient (>10%) is
promising absorber material for thin-film solar cells (TFSCs), comprises of relatively earth abundant and non-toxic
constituents. The theoretical efficiency limit of SnS is ~32%, but the reported cell efficiency has mostly remained below
4% which is fairly low as compared to theoretical. The relatively low efficiency of SnS solar cells is mainly attributed to
the low heterojunction quality with CdS buffer layer and short circuit loss.

In this study, the effect of i-ZnO thickness on vapor transport deposited (VTD) SnS TFSCs has been investigated. The
i-ZnO deposition was carried out using the RF magnetron sputter at room temperature. In order to change the thickness of
i-ZnO, the deposition time was varied form 1400 to 2400 seconds. The thickness was observed between 40 and 65 nm. The
highest efficiency of 3.51% (Voc = 0.334 V, Jgc = 18.81 mA-cm'z, and FF = 56% ) was obtained for 45 nm thick -ZnO
layer. The efficiency was decreased with increase in i-ZnO thickness above 45 nm. These improved characteristics are
attributed to the reduction in shunt conductance with i-ZnO thickness. The detailed analysis of the device performance will
be presented for different i~ZnO thickness.

Keywords: i-ZnO Thickness, VTD-SnS, Solar cells
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Trimetallic NiCoFe-LDH nanosheets as efficient electrocatalyst for
urea oxidation reaction
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The electrochemical urea oxidation reaction (UOR) is useful for the simultaneous elimination of urea-rich wastewater
and generation of hydrogen. In this work, we demonstrated the synthesis NiCoFe-LDH nanosheets supported on 3D Ni
foam substrates by one step hydrothermal method. Benefiting from the synergism of compositional and structural merits,
the resultant self-supported NiCoFe-LDH/NF composite exhibited excellent electrocatalytic performance for UOR.
Significant enhancement of electrocatalytic activity of NiCoFe-LDH/NF was witnessed because of the doped Fe.
Compared with the parent NiCo-LDH/NF, the optimized NiCoFe-LDH/NF exhibited a lower overpotential of 109 mV at
25 mA cm—2 with a smaller Tafel slope of 43 mV dec—1 in 1 M KOH containing 0.33 M urea.

Keywords: NiCoFe-LDH, urea oxidation reaction, hydrothermal method
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Optimization of O/(0+S) ratio of atomic layer deposited Zn(0,S) buffer layer for
Cd-free kesterite thin-film solar Cells
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Earth abundant, cost-efficient and environmental friendly kesterite Cu,ZnSnS, (CZTS), Cu,ZnSnSe, (CZTSe), and
Cu,ZnSn(S,Se)s (CZTSSe) materials are being extensively studied for the application of thin-film solar cells (TFSCs).
Although CdS has been the most widely popular n-type buffer layer used in the TFSC fabrication, however, its prospect is
limited by its toxic nature and parasitic loss in the short wavelength range. Recently, Cd-free non-toxic Zn(O,S) has
emerged as promising buffer layers for solar cell applications. In the present work, the performance of CZTSSe-based
solar cells fabricated with atomic layer deposited (ALD) Zn(O,S) buffer layers has been investigated. The growth
parameters of ALD-Zn(0O,S) were optimized by varying the substrate temperature and O/O+S ratio. The highest cell
efficiency of 8.99% (V.. = 458 mV, Ji. = 36.85 mA/cm?, and FF = 0.53) was obtained at a growth temperature of 90 °C
with an O/(O+S) ratio of 0.9. The reference device fabricated with conventional chemical bath deposited CdS buffer layer
displayed relatively higher cell efficiency of 9.26%. This study demonstrates that using alternative ALD-grown Zn(0O,S)
buffer layer more than 90% of the standard CdS-based cell efficiency can be achieved.

Keywords: Kesterite, Zn(O,S), buffer layer, thin-film solar cell
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The Influence of Atomic Layer Deposited ZnSnO Buffer Layer Process Condition
on the Characteristics of CZTSSe Thin Film Solar Cells
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Choice of suitable n-type buffer layer to form favorable heterojunction is one of the promising criteria to achieve a high
performance thin film solar cell (TFSC). Till date, CdS has been used as standard buffer layer for various TFSCs, such as
Cu(In,Ga)Se; (CIGS), CdTe, and Cu,ZnSn(S,Se)s (CZTSSe) etc. However, the toxic Cd-free alternative buffer layers are
always in demand to increase environmental compatibility of such TFSCs. In this regard, atomic layer deposition (ALD)
has already been proven as a potential technique to obtain conformal ultrathin pinhole-free deposition of alternative buffer
layers.

In this work, the application of ALD-ZnSnO (ZTO) buffer layer was investigated for CZTSSe TFSCs. Initially, ZTO
films were characterized for variable process conditions. Finally, the performance of the cells was tested with ALD-grown
ZTO buffer layer. The highest efficiency of 9.47% was achieved with the Voc =383 mV, Jgc = 39.84 mA/cmz, and FF =
60.9% which corresponding to ~93% of the standard CdS-based solar cells (10.19%). Recently, ~8.6% efficiency of
CZTSSe TFSCs with ZTO buffer layer has been reported by L. H. Wong group which is the best Cd-free CZTSSe TFSCs
with ZTO buffer layer, till date. In comparison, we had fabricated a cell with a similar level of V¢, but with a higher Jsc,
that resulted in an efficiency difference of about 0.8%p. The detailed analysis of the influence of process conditions on the

device performance will be presented.

Keywords: CZTSSe, Solar cell, ZnSnO, ALD, Buffer layer
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Disparities in the band structure of SnS polymorphs and their assessment
towards thin-film solar cell application
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Tin sulphide (SnS) is extensively explored for green energy. Cubic SnS is one of the promising binary chalcogenides for
solar cell applications. Cubic SnS is paid more attention because of its “asymmetrical center” with low-temperature
processing advantages. Compared to conventional polymorph of SnS (orthorhombic), cubic SnS is a metastable
(thermodynamic) compound having 1.7 eV band gap. However, owing to its structural feasibility, cubic SnS is practically
anticipated for solar cell applications. On this account, it is highly necessary to understand the structure and synthesis
induced band variations of this polymorph. Therefore, in the current study we have grown cubic SnS at low-temperature
condition using chemical bath deposition to evaluate the optical properties with various thicknesses. Band positions were
characterized thoroughly and comparted with that of orthorhombic counterpart. We believe such comparative optical
analysis may cast more light on the finding suitable buffer components towards fabricating an efficient solar cell. In

addition, this work may also be considered as a rudimentary study for other green energy applications

Keywords: Tin sulfide, metastable, cubic, band gap, TFSCs
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Ternary diagram of the phase, optical bandgap energy and photoluminescence of
Cesium lead halide
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This is the first report on ternary diagram of phase, optical bandgap, and photoluminescence intensity of CsPbX3
perovskite with three vertices of CsPbls, CsPbBrs;, CsPbCl;. To obtain the exact designed composition, all the
compositions were synthesized using mechanochemical reaction. At room temperature CsPbl; have stable § phase
(non-perovskite, orthorhombic), and it attains metastable y phase (orthorhombic) on heat treatment above ~350°C. Phase
maps for each composition were separately derived before and after heat treatment. In the ternary phase maps, single or
multi-phase regions were assigned to each composition. For single y phase, c-axis lattice constant linearly decreased with
the decrease in average radius of X-site ions. In contrast, decrease in the radius of X-site, linearly increased the bandgap
from 1.73 to 2.96 eV. The ternary diagram’s estimated lattice constants and bandgap values obeyed Vegard’s law with
negligible deviation. Hence, the bandgap and lattice constant for a certain CsPbX3 composition with varied ratios of X-site
(X: Cl, Br, and I), can be easily defined using the CsPbXj; ternary diagram. Furthermore, photoluminescence intensity
maps show desirable compositions for red, green, and blue-light emission. These ternary maps are important and useful for

designing of a target perovskite composition for various optoelectronic applications.

Keywords: halide perovskite, cesium lead halide perovskite, phase, optical bandgap, photoluminescence
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Effect of Zn(0,S) buffer layer deposition temperature on the performance of
flexible Cu,ZnSn(S,Se)4(CZTSSe) thin film solar cells
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Recently, Cu,ZnSn(S, Se)s (CZTSSe) solar cells have have attracted great attention by the utility of earth abundant
elements to replace the In and Ga of the well-developed Cu(In,Ga)(S, Se), (CIGS) absorbers. CdS is one of the most
researched buffer materials and is generally deposited by a chemical bath deposition (CBD) method. Due to the toxicity of
Cd, many studies have attempted to replace CdS with Cd-free buffer layers. Zn(O, S) is a promising candidate to replace
CdS buffer with a wide band gap and non-toxic material. In addition, alternative Cd-free buffer layers deposited by atomic
layer deposition (ALD) may be more advantageous for industrial production compared to CBD processes, primarily due to
less chemical waste and the possibility of a complete vacuum-based production line. In this work, a CZTSSe solar cell with
Zn(0,S) buffer was fabricated on a flexible substrate using ALD method. The effect of the temperature of Zn(O,S)
deposition on the CZTSSe solar cell was investigated. The optimum Zn(O,S) deposition temperature is a 100°C as shown

by atomic force microscope(AFM).

Keywords: Cu,ZnSn(S,Se).(CZTSSe), flexible substrates, NaF doping, thin film solar cells (TFSCs)
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Electrochemical expanded graphite foil electrode for supercapacitor
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Carbon-based materials are promising electrode materials for electrochemical double layer supercapacitors due to large
specific surface area, superior electrical conductivity. Most of carbon electrode are fabricated using a binder to maintain a
shape, however binder can induces the performance degradation of the supercapacitor. Herein, we suggest the binder-free
method to synthesize a graphite electrode using by electrochemical treatment. Graphite electrode are obtained by
electrochemical expansion of graphite foil in 3M KClI aqueous solution. Vertical aligned graphene sheets and sponge-like
shape are observed on the surface of expanded graphite foil (EGF). After electrochemical treatment, EGF contains the high
crystallinity of graphene in Raman and XRD. EGF shows the typical curve of electrical double layer capacitor in cyclic

voltammetry and galvanostatic charge-discharge curve. The EGF exhibits the capacitance of 228mFem™ at 0.5mAcm™.

Keywords: Graphite foil, Supercapacitor, Electrochemical treatment, Electrode,Binder-free method
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Systematic Fabrication of Native oxide (8-Ga203) integrated from
GaN photoanode introduce Interfacial Passivation against photocorrosion for
Photoelectrochemical Water Oxidation
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(skang@jnu.ac.kr")

We report the rational synthesis of chemically modified GaN film, and their implementation as photoanodes in
photoelectrochemical (PEC) cells for water oxidation. At first, GaN film surface is modified by a simple etching process to
introduce native oxide. The films contain a homogeneous distribution of B-Ga203 with compositions that can be
accurately controlled ~4% by varying the etching time. Mott-Schottky measurements on a representative sample give a
flat-band potential of -0.6 VRHE, a carrier density of ~3.1 x 1018 cm-3. f-Ga203 layer formation grown by
self-chemical anodization prevents corrosion, electronic defects promote hole conduction, and we show that the protected
semiconductors are transparent enough to achieve finite performance. -Ga203/GaN photoelectrode exhibited a
photovoltage of 0.9VRHE for water oxidation. The high photovoltage was attributed to a high built-in potential in a
metal-insulator-semiconductor. Along with a thin layer of Ga203 upon GaN exhibited a continuous oxidation of 0.5 M
aqueous NaOH to O2 for more than 10 h at photocurrent densities of ~1.5 mA/cm2.We show that passivation layers have
been used as an effective strategy to improve the charge-separation and transfer processes across semiconductor—liquid

interfaces, and thereby increase overall solar energy conversion efficiency.

Keywords: PEC water oxidation, Semiconductor, GaN, surface passivation
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Universal Passivation Strategy for the Hole Transport Layer/Perovskite Interface
via an Alkali Treatment for High Efficiency Perovskite Solar Cells

Boonmongkolras Passarut, Naqvi Syed Dildar Haider', Kim Daehan, Pae Seong Ryul, Kim Min Kyu,
Ahn SeJin', Shin Byungha '

Sl e ol 17| & Al
(byungha@kaist.ac.kr")

We present a passivation strategy for the perovskite/HTL interface based on potassium acetate (K-Ac). Since K-Ac is
soluble in both polar and nonpolar solvent, thus, deposition of K-Ac on top and bottom of perovskite is possible. With this
advantage, we report the universality of potassium interfacial passivation at the HTL/perovskite interface applied to
various configurations with various range of perovskite bandgap. Regarding the p-i-n configuration, various materials
characterizations reveal that a potassium passivation layer underneath perovskite modify perovskite orientations, resulting
in a better charge transport and film properties. Furthermore, the potassium passivation layer shift the valence band
position of the HTL upward, which result in a better extraction of charges (holes) across the HTL/perovskite interface, thus
improving the short-circuit current density (Js.). The modification of the band alignment at the HTL/perovskite by the
potassium interfacial passivation layer is confirm in n-i-p devices with both WBG and CBG perovskites. Compare to
reference solar cells without a passivation layer, an increase in J,. of approximately 1 mA/cm’® was observed in all cases,
resulting in power conversion efficiencies of 19.42%, 20.06%, and 22.08% for WBG p-i-n, CBG p-i-n and n-i-p solar cells,

respectively, demonstrating the wide applicability of our passivation strategy.

Keywords: perovskite solar cell, interfacial passivation, potassium acetate, universal passivation strategy
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CIGS Hhu} ehaba] = o2 7o) 302 o]0l A Qlon] 1% BEs 3-8 249) A& AATH: toll = dare
1] 2] 7] wizof] g5 54 70412 CIGS Hpaf o A] o] i mastof Qlo] P=2lo7] uj2ofl o] & 7Alst7] fall 71
of 4] R4S Alole thE BB H7IS1AV T4 oz 5] ekt 177 o] 20123 9lrk 7L % Cu, In, Ga, Se
o] AL Ag, Se 50] A28 U F7hoHe WL vluke] 5438 417 WEh A 42 900, 1% Agi= CIGS Htufe] %
A 018} HH = 7H(band-gap) ol oJ-+5 3L 8- (melting temperature)-S 5= H
o] o] glo] 1 2ol Z7Fska 9,

2 Aol A= 71E2] CIGS Bl AgE w5 71sto] CIGS Hlahe] S4& F-AI5HH A AgZt = o] & o8-8l 2
Mo HAE urt efopd S Ax3teth Ag 7h H7HE CIGS MRS 36A] 54| 713219 3-stage co-evaporation
process)=- o|-25}o] A BT Ag] $H-2-0,0.019, 0.038, 0.057, 0.076 at% = ZA35}o] Ag ghegof whs A%} EA
IS Zlekele). 2143t o] Ag7t A7He CIGS B} e x| ol 4] 3378 54 o] 7HA = =Tl ol=FF &gl 71
Qlgt A o2 WOIL}. temperature-dependent IV(IVT), capacitance-voltage(CV), ZL&] 3l admittance spectroscopy(AS) S
Foll Ak hk o) Ag H ke A AR 8433} of J A(activation energy) S FH4xA] 7] AL ML 0] defect 74l of] Bl 2]+= <
Foll sl =lsk3it
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First-principles Study on the Role of Halogen Anion for
Halospinel Solid-State Electrolyte
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For the next generation Li-ion battery, it is of importance to develop a solid-state electrolyte that secures the stability
during the operation. Sulfide and oxide electrolytes have been extensively studied for their possibility, but they have
prolonged limitations such as low Li-ion conductivity or stability along with the compatibility toward the electrode
materials. Recent focus is to shift the gear toward the halide materials, which have high electrochemical stabilities. Here,
we investigate several candidates of halospinel electrolytes (Li»Sc,3X4, X=CI, Br, and I)and the role of anion bonding in
spinel structure for solid-state electrolyte. We search the thermodynamically stable structures considering possible
arrangements of Li and Sc. Then, we calculate the Li-ion conductivity of Li,Sc,3Xs, and further understand the
microscopic Li-ion diffusion mechanism via anionic charge and statistical analysis of ab-initio molecular dynamics

simulations. Consequentially, we propose Li,Sc,3Cly as a promising solid-state electrolyte with halospinel structure.

Keywords: First-principles, Solid-state-electrolyte, Halospinel, Ion conductivity
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olet= I ollAf oY A] A4 AA|(ESS: Energy Storage System))of] thgt 3H4lo] S =L Qo th34 Q1 ofj v =] A7
A2 of|+= 73 A 9l A E](supercapacitor), ©]2}4 X|(secondary battery) “12] 37 &1 =74 X](fuel cell)7} 9o, o]& = Aktf
Mo 9oglouix) Wi BA4L 7k ol 2bAI 7 oflui ) A AR W) ARE| T Ik, et o]k o] 49 A
5] 2|4 WAl el = A sl(degradation) BT 18] 57 4 W AT ATl ofof 8 b2 A4 Fich 3 Q1o

0 NGRS 2 AN E S HEA IS Az 98] UALLEASENC204 S AT
(hydrothermal method) 0. U17] #(Ni-form) $1o] £ A(binder) glo] 451, LA eI 0] 15 24219
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Keywords: NiCo204, Hydrothermal, Synthesis, Supercapacitor
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o

2L H E 5 A BT = A AL Aol A A2 o] Hi 7] @ o] BhAYstaL Qlom, SR E 9
HAH O = ARG-Sh= ARg Ao A vl = vl 7| 7 k27t 2 @ S 07 =2 U] T shbE A A Eoh ARsAfol A
YRS H= of| U R W 314 BAE s 45| $lste] 2154 #17] AFs-*Henvironmentally friendly electric vehicle) 2] 7t
o] FAE AL glom, H7] oA & K} G824 02 &8-S 4= Qli= ofl L A] A% -3(energy storage component) o] THF
ATt EF FEPT Q) 73 A 3 A E(supercapacitor)« A EHgF A2 H]-E{(low cost), =2 Y U (high power
density) 9 oL x| U =(energy density), 12|11 -F=7] QHJAd(long-term cycle stability) 2] A o] ¢l o 2] #AF H
For 3-8 4 o= Aol w2 AtolA= uATAIE-E A Z(Nickel(ID) hydroxide) =52 T34
T2} =8 FHAS 2F= YA E(nickel form) A}of] =3 ¥ (hydrothermal method) © 2 A 23} t} =LA 54
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Efficient and stable perovskite solar cells through surface passivation
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In recent years, the efficiency of the perovskite solar cells (PSCs) has improved to over 25%. Due to its outstanding
properties (e.g., high absorption coefficient, long diffusion length, etc.), PSCs has got attention as a candidate for
next-generation Solar Cells. However, its poor stability with ambient conditions (e.g., moisture, heat, illumination) is the
main drawback to commercialization of PSCs. Indeed, the degradation process of the PSCs is contributed to the instability
of perovskite materials, hole transport layer (HTL), and electron transport layer (ETL), and the interfaces of each layer.
Here, we show a new passivation strategy to the interface between perovskite absorber layer and Ceo(ETL) with
introducing a thin PEABF, layer. By passivation with PEABF, layer, not only the stability of the PSCs is improved, but
also the open-circuit voltage (VOC) and power conversion efficiency is improved. Details and discussion of the results

behind the improvements with the passivation treatment will be described.

Keywords: stability, PEABF,, passivation
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RF(radio frequency) U}14| E-2 A5 E] & (magnetron sputtering) H . 2 AFSILE](T)(cuprous oxide, Cu,O) BHFS- AF

2(room temperature) | 4] 58] 7| Al A28t 1L, ZH7] T2 A E(working pressure) ol 4] AdAeE Cup,O B9
E4 tﬂﬂ-— erolr Qi) L% EAJL X-Al 3]&(X-ray diffraction, XRD), 2} £33+ (Raman spectroscopy), 4|

ZFAF & u] Z(field emission scanning electron microscopy, FESEM) 0. & 3254 ). 3384 B2 219 A-7}
- A Q) B3 3= A (UV-VIS-NIR spectrophotometer) S AR8-5104 400nmof| 4] 1600nm &] 3+ FH & ZH=
& 547 % B} A=(Tauc plot) §.©. 2 o 2] Y= ZH(energy band gap)-< Al4Fsto] EA8F3I T XRD 4] 24
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H Ao A= ABsEE|(T)(cuprous oxide, CuyO) B 31580}; uf 1Y | EE AW E|g(radio-frequency magnetron
sputtering) Y102 ATHA 3] 2] 7|H(soda-lime glass substrate) $]of] 2} th CupO BHee] S2F -4 HapE 7|3
L. (substrate temperature, T3) = A &5} 11, A& T2 7|9 & 5(T, = 100°C~400°C)of| A A Z3F Cu,O ¥hate] JLz27]
9 B5HA EA W3S X-A 3] (X-ray diffraction, XRD), 2}7+ £521(Raman spectroscopy), 27| &8 FAF AA &
u]7(field emission scanning electron microscopy, FESEM) 18|11 Z})A-7FAIEA-24 )4 B3F 3= A|(UV-VIS-
NIR spectrophotometer) & AR§-810] ZAFSHICE 7] 2% 7} AF2(room temperature, RT)of| 4] 400°C= Z71to] wlet
Cu0 BFaFe] 2 31 72191 (1) o] cijgt AP ZHeis 7H481 9L, 2A1EK0) Ze s 71202 42,6000 4 Ui
(200) o] eieh 818 7 5718121 400mmoll 4] 1,600nm ] A 910 A 2573 A8 S2-Cu0 o]
23180 45% HEO|T, 7|7 L1E0] S712} 7] CusO vhote] W Eh-2 7has}oich. S Ao A Holiz
54 Th(absorption edge)ol] TEt 714 3t I3k 7|7 L= Aol w2l Ambao 2 o], ouiA) WE Ti(eneray
band gap)-& 751 AaHE Urehi2ick

Keywords: Cu,O, Thin film, RF magnetron sputtering, Substrate temperature, Solar cell
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Direct synthesis of molybdenum phosphide nanorods on silicon using graphene at
the heterointerface for photoelectrochemical water reduction

HAI! BE '
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Transition metal phosphides (TMPs) and transition metal dichalcogenides (TMDs) have been widely investigated as
photoelectrochemical (PEC) catalysts for hydrogen evolution reaction (HER). However, for high-temperature processes to
get crystallized compounds with large-area uniformity, it is still challenging to directly synthesize these catalysts on silicon
photocathodes due to chemical incompatibility at the heterointerface. Here, a graphene interlayer is applied between p-Si
and MoP nanorods to enable fully engineered interfaces without forming parasitic light absorption layers and interfacial
defects. Furthermore, the graphene facilitates the photogenerated electrons to rapidly transfer by creating Mo-O-C
covalent bondings and energetically favorable band bending. Not only bridging role of graphene but also numerous active
sites and anti-reflectance of MoP nanorods lead to significantly improved PEC-HER performance with a high photocurrent
density of 21.8 mA/cm?2 at 0 V vs. RHE and high stability. These results indicate that the direct synthesis of TMPs and
TMDs enabled by graphene interlayer is a new promising way to fabricate Si-based photocathodes with high-quality

interfaces and superior HER performance.

Keywords: solar water splitting, graphene, molybdenum phosphide
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1312 (tin sulfide, SnS)-& Sn-g-3(vacancy)©] F8Q s} SRR o] A8kS sH= A A0l p-& HF=A|(p-type
semiconductor) B2 o]tk FA7FA] K thEE2] p-& SnS Hhal(thin film) 2] 7> A4 A|(orthorhombic) 24 -3
(space group Py, No. 62, the lattice parameters of a=1.118, 5=0.3982, ¢ = 0.4329nm) & 7}R|:= A 0 & A4 A Qlch p-
& SnS Hhate] 7 of 1 x| Hil= 7“(1nd1rect energy band gap)-> 2k ~1.07eVo |, 7FA|RGA T} RFe] A o S(visible to
ultraviolet light region)of| 4] 10*cm™ ©]A4}F2] 2= 5.4~ A|4x(absorption coefficient) S LEPHTE o] 2]3t E4J 9] p-3 SnS Ht
kS Efj 7 A (solar cell) 9] 3 &=Z{(light-absorbing layer) & 2 2-8-5}= 7t o| 24 0 & g o~g ¥2} a-8&(photovoltaic
conversion efficiency) o] 24% o4& 2= ejopAA] 27ke) A7k 7Rssteh. Telvt, @RI71A] W i SnS-7]uk oy

A)9] 211 §&-2 o] 24 F-g tiju] w9 2-24.36%°f| M= Qlrth whbkd, SnS whake] S2F 57 W oheket 34 W

2 EA] o]gf|7| B35t E olTLo] A= RF(radio frequency) U} 1H| E-2 A1 E] &(magnetron sputtering) ¥2. 2 p-3
SnS HPkS §2] 7]kl 4 02 A2 Sns bk A2 Fol A FRIGR of 2 argon, Ar) 7}(gas) 2] £
QUL 7|20 2 5% ;S 7120] TS 2scomol|A] dscem © 2 WIBHA| 70w, B o] wfe} 23k SnS ko]
24, 1714 9 b 24 WslE ATeialch

Keywords: SnS, Thin film, RF magnetron sputtering, H,S gas, Solar cell
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TiO, NTs/r-GO/Cu-TCNQ array Photoanode for Efficient and
Stable Photoelectrochemical Water Splitting

ramesh, soon hyung kang '

chonnam national university
(skang@jnu.ac.kr")

The increasing energy demand and environmental pollution are today’s most important problems and the scientific
community is searching a new form of energy alternative to fossil fuels which is one of the primary research topics of the
21st century. Hydrogen is the fuel of the future because of high gravimetric energy density and clean combustion. Hydrogen
can be produced by photoelectrochemical water splitting method by using semiconductor photoanode/photocathode. The
efficient, stable, visible light absorption and cost effective photoelectrode materials are certainly important in developing
highly efficient PEC system. TiO2 is the most widely investigated photoanode material for PEC water splitting due to their
low cost, non-toxicity, high chemical and thermal stability. In the present work, we have integrated r-GO (reduced graphene
oxide) and charge transfer complex Cu-TCNQ (Copper-Tetracyanoquinodimethane) with TiO2 nanotubes (NTs) for PEC
water splitting application. The r-GO and Cu-TCNQ complex were incorporated onto the surface of TiO2 NTs by
electrophoretic deposition (EPD) method. The fabricated TiO2 NTs/r-GO/Cu-TCNQ array photoanode was systematically
characterized by using various techniques. The obtained experimental results reveal that rGO with a high work function
and superior electron mobility accepts photogenerated electrons from TiO2 NTs and enables fast electron transportation;

while Cu-TCNQ acts as a OER electrocatalyst (co-catalyst) which accelerates the surface water oxidation reaction.

Keywords: Photoelectrochemical water splitting, charge transfer complex, TiO2 NTs, r-GO, Cu-TCNQ and electrophoretic

deposition
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Fabrication of the piezoelectric PLLA fiber reinforced with BaTiO3 nanoparticles
in melt-spinning process
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Keywords: Compressed stranded wire, Heat treatment, Voltage, Elongation, Electric conductivity

281 I



20213 st=2xi=sts| FAsk=3]

P-107

X2t Dirty Service& WH 1| Mo{7lE H+

H:la'l:llT' 7=|E

_O L

02

1 A.0d2
e

[ |

T AR A A A, [(F)ml el el =S e e st

(82bym@kel.re.kr')
QAH U E A3t glgto| E AFo] FAl o] EA sk FEE A A 1B A7 9= WA 3t 7 Ad o) S Ad
A=A =3 oA =2 Aot Bt WA @t A TR F ] AR E AL Qe SRt oA ARS-
E?E} U A o2 FEAA AHRIZ AT} EAAS 7H Al 8}11}8}% °5HL7}

F7h Q18] wrk ap4E S4lo] Aol
chgo 2 108 Folck. T2t o] 4 2 3
74120l el 54 el ot %%sﬂf& Aol 422 A4 5
S0 3o AE2 AR Foll Y2kl ks o] A/ Hrh
F_?} Valve:= A|EXQ7} AA|§ vt 2 1445 o] A|H Processol| Q] Akl a} n]A|skgAlo] & 2= Leaching Process

(%)%} Think Process (S 5ol14] HHEI U 44] 58] AL 5:9] uhmr} 415 Afeo]e] o] 2 s} 237] 13l b,
Aol aabel 31EE A Aol et vk A1 Folc.

|
WA 9 UjepE g of] gt Al Zdho] AR R AlALE o] A= A-83E dAlof] QAR o] B9 e Aler €
A2 7o) Sy A] Zet Adeol 2lck
whefa] E A aLo)| A= CrE 83 Ni, W, Mo, Si, Mn 5 A71=219] 24 ZAJv| &2135}0] SleeveS Z 351 valve 2]
44 0 5525 24 BohE dpslaic

Keywords: 172}9} 812 Dirty Service, Trim, ZHE=

282
I \)



20214 SERESHS| &AISkalE

P-108

Structural Observation and Characterization of Thermoelectric Cr-Si Alloy
Powders by Mechanical Alloying
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Electron Backscatter Diffraction of Nitride Phases of SCM440 Steel
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Fabrication of homogeneous W-Y,03; composite with controlled Y,0; fraction
by ultrasonic spray pyrolysis
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In spite of the excellent high-temperature properties of tungsten, the high ductile-brittle transition temperature has been
regarded as a barrier to the application at room temperature. Currently, yttria dispersion strengthened tungsten alloy has
been actively studied as a strategy to overcome these drawbacks. The strengthening in W-Y,0s composite is generally
attributed to the grain refinement and pinning effect, but a few researchers reported conflicting debates on the interaction
between Y,03; and W matrix (e.g., compound or sintering behavior) that affects its mechanical properties. Although it is
required a detailed study about this, the synthetic researches, including precipitation and mechanical milling, are
incompatible with the suppression of the growth and segregation of Y,0s5 particles due to solubility difference and large
surface energy. As an attempt to further elucidate the effects of Y,Os on the strengthening, in this presentation, W-Y,0;
composite with controlled Y,Os fractions was successfully synthesized by ultrasonic spray pyrolysis in which the
individual droplet acts as a micro-reactor. As result, the differences in microstructure and chemical states of the composite

versus the ratio of Y,Os were systematically investigated.

Keywords: W, Y,0;, Ultrasonic spray pyrolysis, Y205 fraction, Mechanical property
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Improvement of casting surface roughness through FDM 3D Printing cast pattern
and surface treatment
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Casting models of the Full Mold casting method, which is made of foam polystyrene, are used as a one-time use.
Processing residues that are indispensable for their processing contain environmental hormones called “styrendymer” and
“styren trimmer. In this study, we wanted to compare and analyze the dimensional precision and surface conditions after
manufacturing mandrill molds in the existing styrofoam and 3D printing methods respectively. In addition, surface
roughness and mechanical properties of 3D FDM printing spcimens were evaluated using experimental specimens
according to fumigation. The existing polystyrene-patterned casting material had a rough surface even when visually
checked, and although it could not be measured with a surface roughness meter, it showed a bumpy surface for 1 to 2mm.
The surface roughness of the casting material with 3D printing patterns was determined by measuring the average
roughness (Ra) through a surface roughness and confirming the surface roughness of 10.687 ((Ra). The fumigation showed
that the average roughness of the specimen was gradually reduced, and the tensile strength and elongation rate were

increased.

Keywords: 3D Printing, FDM, Casting surface, Cast pattern
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Investigation of the Residual stress on AlISi10MnMg alloy with various Grain size
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Pressureless Sintered Silicon Nitride Ceramics with Controlling a-8 Ratio for
Self-reinforcement
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Increasing demands for electronic devices has revealed the importance of a structural material based on its high
performance. Silicon nitride ceramics which possess higher strength but lower thermal conductivity than aluminum nitride
are generally sintered via gas pressure sintering to maximize those properties. The gas pressure sintering is considered the
SizN4 industry standard; however, the pressureless sintering offers a promising alternative with the added benefit of
versatility. In this study, a self-reinforced SisNy4 ceramic with high thermal conductivity was prepared through multi-step
pressureless sintering with Y>Os; and MgO additives. The steps consisted of phase control and densification stages to
provide additional crystallization sites using a partial o-f phase transformation, which also established a bimodal
microstructure. The optimal temperature for the intermediate stage that exhibited the maximum flexural strength was
determined by comparing the phase content and linear shrinkage. After final sintering, a flexural strength of 932 MPa and
a thermal conductivity of 74 W/mK were achieved, which are 11.5% and 8.0% higher, respectively, than those obtained

using conventional pressureless sintering.

Keywords: Si3N4, pressureless sintering, strength, thermal conductivity
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Wear analysis in PTFE/M0oS2 composite cage for cryogenic ball bearings
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It was experimentally elucidate the mechanism of friction wear surface for the sliding and rolling contact movement in
the cryogenic atmosphere. To evaluate the properties of the solid lubricating cage, we should minimize the frictional wear
of the contact surface at a low temperature conditions. Investigations of wear resistance of polymers with additives, using
the cryogenic pin-on-disk apparatus has been carried out. Normal load, rotating speed and liquid nitrogen flow rate were
considered variables in the cryogenic wear tests. The friction and the wear mechanisms are briefly reviewed. Various
polymeric materials containing solid lubricants were investigated.

Cage center-of-mass orbits for cryogenic ball bearing with different solid lubricant are demonstrated. In the case of
MoS; containing composite cage, circular orbit is observed. Among the tested materials, the composites PTFE with

additive MoS, have shown good friction coefficient.

Keywords: Wear analysis, polymer composite cage, cryogenic ball bearing
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Fabrication and Characterization of a-Fe/FeO Composite Powders
by Solid State Reduction
24 0|55
Szl Al4Afskat
(chlee@mokpo.ac.kr")

Z3AA nanocomposite+= Z 1| Al Z}AJAFS] single domain AT} H|ZFAJAYof o6t 7] A, A7) A 1 g ute B85
712 B9 Uehd) 7| & gk 2 Aol A= a-Fe/FeO A A Ui B3| 25 Al2317] flsto] 71414 gashd & 4]
B3kt Ed] B AT F WSk A BHINES-S- o] 8-ato] Aol A Uie B3 = TS A=k gle) e
RR2E Fnteto Eot ogds Fe SIS 7H7+9] mole H| 2 E3E & Ar 291704 253 BUAAE o]8ate]
MAA 2|5 AAI5Hct 2 o A= MA A2 5 ELUR ) o< Feo] 249w}l n}2 thifo] FeO A2 1S 7

L

E5190t}. Ho] 2 MA Fo] tfa}e] XRD, DSC, SEM 8 VSM& o] 85}0] A4S 241510t} E3HMAC] ]34
Ve Bl R o] A4 27, 1A T WEkE Sh) AT,

O
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giMZat=ot AZAMZ S5l HIZE WC-6Co-(VC, CrsCy) AZ[2| OM7= U
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3 Sle A 2 A4 SAAIVC, CrCa7h H7H 8 WC-Co 27431 e sl 1 7144 S4571
BBk B4 2724 3 5ol Cot WCe| F7Elo] £709) 588 G4 Bk of ek aha] Q14 G4
Zickan @13 gick. Tefu, H7HECot WC 1] éﬂz‘% 52713 AHY 7] 492 op1A1A 4 ek o]
3 RAS S5k Aol 29 Y AR A 7t E) Tk 2 WCRIAe] Complexion(3he: 5)& 34381 WC
o] AR Y = AAlshs de2 ek whebA, WC-6 wt.% Co 2xAfjol] A4 H A4 AAIAI= VC2 CrGE 42 1,
2.5wt% A7F5HT W Satzeul 22w o] ols) Alzsiolnh U7t o] 7152 7Wsl7] 18] XRD AHEA 9
HJAEE EAS Atk H7hE BEHES WC QAo EAfshel, WCeHCoo] AgHE Helsto] WC 4t S &
T2 o2 AA 5T} Ao R, 7| AA EAJL 2.5 wt.% VCE H718F-S o] 2278 kg/mm? 2] Xt A =S ey Q)
TR BAS B A G EAS molsiglrk
Keywords: WC, Grain growth inhibitor, spark plasma sintering, mechanical property, microstructure
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2 Aol A= AR 78 B A= 2R3 WOl 5 222 2 A4)|(Co) B ©F8HE(TaC) 282 715t &3
%‘?—_-}E Alzsioict SR d ST A2 S Sl 224 AE Lo}‘ﬂ o 7| A A& A S4dE BTk
ZA| == WC O 2245 A 7= 3l CoE 78T Co 7t kg 2244 W 71414 5445 7+85H7] 91

oH Ul*ﬂ%x A2 E5H] WC AU/ Aol el A 240 4 AF A 9t 752 45k AlzE WC-Coax
A= 99.5% o/do] w2 AdtEE=E Ul o, Codf AWl #32 Aol W& ¢/ o avks Selskqlt): shAT,
Co7} X7hol et WC O] 7 = sfet Bl J2F sl A2 oF718k3iet ofof waf, WC-Co 2739l 71414 545
P LAY A7) A Ao E I8l ©EFETaC) w83 45 1, 2.5 wt.% 7} ok oL, W St z2nt 229 S 59 1L
S8 WC-Co-TaCH £ZA|1E Al£5k3AT) 53], 2284|2 nA|ltx 245 F8l YAl =2 28 T3l=o A A
A PRI Ao AtE ERIsHATE 71 A2 S4B 7HE 15kl niAl22] o]+ E o] Aol& S ste] it lid& 574

Skl 2} BBkE 71l W2 0] 2] Vel 4ASE BATsTe] /1AE B4 st

Keywords: WC, TaC, spark plasma sintering, mechanical property, microstructure
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Sn0, nanowires decorated by insulating amorphous carbon layers for
improved NO, gas detection at room temperature

SEM, 2SR, WA, 0[51F, A1

e

ahopeyal

(hyounwoo@hanyang.ac.kr")

For few years, the amorphous carbon has been studied its properties and fabrication by many research materials.
Amorphous carbon (a-C) have unusual electronic properties, however there have not been enough researches about the
application of amorphous carbon to sensors.

In this study, we deposited insulating a-C layer on SnO, NWs to improve the electronic properties at room temperature.
Synthesis of the SnO»,-based nanocomposite did not require preprocessing and functionalization, requiring just a few
second for processing time. Decorating a-C layer is important to detect NO, gas. A new sensing mechanism is proposed to
explain the process of gas sensing at room temperature. When the NO; contacts the sensing layer, it brings more electrons
from the sensor surface and changes the diameter of the conduction channel. The amorphous carbon increases the surface
area highly and supply electrons to SnO;, to change the conduction channel width inside the SnO,, which improve the NO,
gas sensing. Relevant sensing mechanism is usually described through heterojunction formation. The proposed gas sensor

can be operated for NO, gas sensing application at room temperature and has various characteristics such as high response,
high selectivity and low power consumption.

Keywords: Amorphous carbon, Tin oxide, Gas sensor, Room temperature
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Green synthesis of CdS nanoparticles by Andrographis paniculata leaves extract
for effective environmental remediation and biomedical applications

Karthik Kannan, Van-Quyet Nguyen, Hyung jun Park, Chang Hun Lee, Bee Lyong Yang

gt Al Bk

(blyang@kumoh.ac kr")

Microwave-assisted CdS nanoparticles were prepared via plant extract (Andrographis paniculata) and characterized by
structural, morphological, optical, and antibacterial analysis. The results revealed a hexagonal structure of CdS nanoparticles
with an average crystallite size of 21 nm. The FTIR peak at 602 cm-1 confirmed the vibration stretching of Cd-S bonds.
SEM and TEM images demonstrated rod-like morphology of the nanoparticles. The optical bandgap of the prepared CdS
nanoparticles was established to be equal to 2.52 eV. The photodegradation activity of the prepared nanoparticles for Rose
Bengal dye was evaluated under sunlight irradiation. The degradation of the dye was equal to 98 % after 120 min. The
antimicrobial activity of CdS nanoparticles investigated alongside human pathogens indicated higher antimicrobial

activity against gram-positive (S. aureus) as opposed to gram-negative (E.coli, E. typhi and P. aeruginosa) bacterial strains.

Keywords: Green synthesis, CdS nanoparticles, Rose Bengal dye, Human pathogens
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Single Crystal Silicon Nanomembrane based Gas Sensor for Wearable Electronics

40, 4318 258"

o
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QIke] T8 TAISRE 71 MM Ui 7)) W02 4] o gtEiglon], S njake] 71 7]
iz AL, 87, 0] 5 Thoyel ofell A ol 5|7 Sick Tiokg Al me} uhAle] k2 AA L A ] glon, 3 A)
QU Al ] =i o} A HlofetE AR 2 A 7k AlA 72 SHre W e =01 gk flofe]E Aol 7k AlA 7} 4]
|57] ol A AlA G5 A m 7} Alotok Hm, {-ATE 7] ho]| A-§-sto] R AU A E T S/ 0] 7-4] Eofof
Sk =3 Ao 2] A8 = Qs A 2 8FA Q1 axf = S E|ojof s, Aol A o1 A 0.2 Agek 4= Qlofof
Stk Ala7HA] 2ol T8 7Rt Hlof@lE 71 AllA = graphene, CNT}F thefet 1 2 Uit 23] =25 0] A
wlof ek SHATE o} 2] A2 7EA AlA A0l nl A<, BRI 2, W AARO] of 2, a8 T A= AA] HlofE
& Aol 2185171 ot ol ¢AtollAl= ol gt = sl dsly| fishe] TA7Y A Bl o] &t M= FEj ¢
HofelE =2 7k AAE Aljbsl et Ao 7P 291 vheA) S = ARt 7H4 0= thefRh 4] o] 34 0]
W] of ik vref Fef o] Aulee F-Adt Eem 7] ffofl MAKSIAL IDE BHl o] H=-2 5-4d5kef NO2, NH3 5 th
W7t E SEE A7) AR ks ST T Al = 420l A NO2 7h2of tfsto] =2 e S et
Wlew, 1000]/2] =2 (Rgas/Rair) 603 o] o] whE W3-} 3] 5/dS H itk 7]E0] A7 A2 7k AllA o
vlsto] mf-9- 22 Al 522 UEh I /1o, HE=A MEMS &2 4-8-5ho] thi 2], th=f A4to] 71s-5to] ZRA e o]
2l 7k AlA 222 28 A S 7 AL Qiek

>

Keywords: silicon, nanomembrane, gas sensor, wearable electronics
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Beiolet 24 55 3 2 ST TN BB Chd 722 A
Ni 24 7EA MA 9372

Ol el MEEP

) = = =

o} T BT ALAA BN, o} e oL o A A 2R Btk ofFrfBhL FIRATA POl rfs Al et
ofFehataL ol 44|25 g 5t

(hseo@ajou.ac.kr')
HehE(Pd)2 S =A Hold o4 F2F Y 2] 545 HAth whebs paiteld), 7| ofe Al g2 vt of
oA 2] -5-§of HilEil ‘OUr—‘r%_ T EOﬂHL = %" P/d= 7 AL Stk 2 A oM = o] & Hedslla=
BA 2 Ni& ARE-3o] PAQFNi 9] Ttf=1

2 e
et g FE O] pa AlA = FHE LIS pa
o= I8l AlZ x| efof At do] "ot o5 7415 %’4&% 97HA] theet digiteh ] G-z = AR Al A S AlA
aaict.
A2 © 2 = E-beam evaporatorE ©|-&5}o] Si0, 7o H, 3lj2] ¥H-8-2 ¢35t Znf 34521 Pd-Ni2 Pd/Ni/Pd 2] A
E9A el o e e = S4B =5 ek Pd-Ni AllA]+=25-100 °C, 0-70 RHE| 255 0| A N, gas = 3] A &
20ppr-1007ie] 91 2 5l 52 6}%}

2 10}, o}t AN ol ol Nio] 2 Safe] {2 ol -] & 5434 13
0.2 AFREICE 2|7 TRl R © 2 A PN FA5 0] T2 1 7o

5 29 728 A7l

Keywords: 5=22A1 4], Pd-Ni, digit EF] 1%, th&1% S
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0j0
N
oln

Pd 7|S&l2} In,0; &7HE 0[88t Zn0 LI MFe ZnZi: 4 Z

ZIXK|H OF=ES LMHA] ZIAMT
OO OO o O =]

Qlale st Al 5}
(sangsub@jinha.ac kr")

et B Ao I, AUFE7 SR AU A) AUORA FA A B Sk 2w ik olefet 94t
E Aol EukAo] 9131 250-400E 4] A AEE EALE glom, FA, §u), 139 7hsol7] el Alge] zto.s
AT % Ghck. uebA] Aol A A FSIsHA o] §5k7] SIalAIE S AA ] o] Tk Fa 5tk 2 QoA
1 Pd 715319 0 H7HeHZn0 Lk 98 Aakstel S k2ol oife 78 5412 ARSI AZRE A InO;
9] H7FF(0.05, 0.1, 0.15 mol%) of] T2 =4 T 752 AR oW, 2E4 0 2 Pd 715342} 0.1 mol% In,05 H 7}
T80 e ol 713 S8 L8 /1 SHASHSIck ol 2 A AP Ll Zn0-1m0s 2] o
A% 71813 Zn0 &) metallic F3k0) AU 7] Fafo] 7]Ql5H 0.2 Fhekwm, 2 A4 o shaix) shet.

Keywords: Pd 7|53}, InoO3, ZnO, Ui=’d-G, =4

‘309 I



20213 st=2xi=sts| FAsk=3]

P-135

Mg =& tAPt #7tE 2457717 ZH(MOF) 2| 7tA HS 7S

2T, s, P

2
Fm
ok

QIShelEaL Al Bt
(sangsub@jinha.ac kr")

TER7ITEAMOF) = 5 S22E 9 7] B9 2o s e 2449 A= ¢ THEA, =2 thd
S A BkeHA] Wit olehs 50 7HAIAL Qlof 7R A of] frefsith wbA] 2 Aol A= = 8 A(TDA,
ODA)E ARSI Mg 545 ARS A71RE 54771524 (Mg-MOF-1, Mg-MOF-II) 7k AlA & A|2Fs1aL, o] AllAd=
2 AT, =2 4 HEA, v oFe] FEiel B A 7HA] AL Sl e A S-S TR 2 5(25-300°C)
oA 7EA-EE/dE AFSESIAL, 200°C o] 2 eof|A 71 =2 -8 =5 H eItk Mg-MOF-119] 739, Mg-MOF-1+.t}
CRFRE 7k of| A AT A 0 & =2 71 2S5 B G0, BhS 9 3] E AT o] o] Zrobslth= 2l et 18 4= gl ik
0|23t AT}= Mg-MOF-1(2520 m%/g)ol] B3} Mg-MOF-11(2900 m?/g) 2] B|EH & o] & 7] wfjRo] o W2 7}A S2h
Ao EE Al55to], -39 BEg- U 35 AJ7o]| & F3Fa 1A= As o = Stk o= 3-8 el gt e AL
MOF 7}~ AAE A sH=H] AR E 4= 3t

Keywords: MOF, Mg, gas sensing, porosity, toxic gas
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Qlatosti Al A s}
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it AR A o] ARG AR ATEA B oA R S A AR AR BHol ek BRAIT, oot Z
HEA, 2Re 57| 2 QIg ERAE, L4, |, 5]0] k0] 7] ko] Abgo] I3k 4 GITk. ZnO e Al R oyt B4,
shebA, A A, =2 AT, W2 54, B2 /M 0B AR 424 A AA 24 AT =L Qlek Egtp-n o]F 3

o
%,

C

lo
_}L

o [

2 o] =31 ¥ u}7} Qlck. o]o] whah i ol A g Lhe AlR2] S
& HA S-S MAdsH ] $18l (1-X)ZnO-XCosO4 HlE2 23510 §HS Al 233t Cos0,9] = 2eldt gla 4
7] WAketel AlAE ARt om, 22 o] el A7 7he] 2= o] ul&-S Falr] $18) o] 7hA] S92 29 ket
2435t A7} 300% 2 0.95Zn0-0.05C0;04 Z A 4 720 g Foju 7H-3-A1S H o 53]t o] 2|3t A= ZnO
FHE| 53}, pn o] T TS SR RS2 Wl 7] /lshs Ao g ArtEw i wiAYSS AlASHLAL itk

Keywords: ZnO,Co;04, e A5, 54 75
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2 A= o] Aol A AekS skl =g o] AU | ) AR E AL 5 7 3 WSk Wl | S
S-g-5kaLz} ghrh A g-go] 2h AJ3E H7 g ARl e, dF 0l I A YA, I ET SRR o] 9leH,
2 AFE Aol SRS Fto] YR EA A3} Sl A} o] AR YA m=A O 8-S Q3 A e F
Alef 213 skt

ﬁﬂ 2L

SRS AR Folo] A BRol T2 2 UEA0m, SRS LS ol 5o pHo| 1} gy
olg3to] HABHACE. el Teiot/|ekEES §-84 Aol g o gatel 72
FNCM (W2, E, B7h0 )8 o9 el slpaksict

) 4] 213 1) 80% ol AW R B SR 7|4 S BSIHOP], B ATE F3P0] pilot 75 L AYSHE o]
2 dlgolc.

KeyWOl'dS O]X]'X']X] X‘17]X]' XH = o 5 ?éla i]??}i OE_!—'EI"U]“B:a q_ﬂ
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Co30, AL Lt §UXIO| O|MIFLZE0| WHE H7|2tst MAUM(OER) ZIHEE X

Myeong Gyu Kim, Hyeon Jeong Hong, Yun-Hyuk Choi

7= et
(yunhyukchoi@cu.ac.kr")
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o
o

TH AR YA 8= AR 2 S0l 2/ Hol7| fi2el u|E Aad SHE tAIE s ol AUk
a4 ARRRE - Cos0s= 33 S, o AR, B FHAAL, =AW 8 5 TRt o | A] 5801l 'd 2] AR o]
TolMe = A7IE8E S At 34 5 Ak AEEg(Oxygen evolution reaction, OER)-§ Sl =

£

r>~l

©
bor
B
~

> Jo o L
rr
2

bl I o2
I
o

= Coi0, 239 LheQiAbE @ 52 34 B A s g 7lme] Axstodch 34 202 ke

3} 2.5, AXe] Lol H9171S WA ol ukek ] 4727k Aol Cos0, 239 e QJAHE BAA1Z 4= ek

NES A 10820014 24137, 214400 °Coll A 800 °C7 2] 9] Qloll A A |9k, A28 CosOy 2239 Lt gl

1100 °CollA] 450 °C7| 2] L2091} chafal vl 0] okE kA EF7EA B917] SlollA] 7} el ik A,

34 27000 WhehCo,0, 234 L QIAhe] ] Al B AbA 3t 28 gL, e ul AR o AR e

of w2 77|33} A14HHY(OER) S| 2H 2] Wiskrh 2Aks] Qiek. ] AL 9L OER B4 Ao o] JRHAS TF93h7] 9
3l chegh L EAo] =ik

Keywords: OER, C0;04, 2~3]4!
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Influence of pore-structure on VOC adsorption properties of
multi-porous activated carbon powders

Sung Hwan Hong

Sejong University
(shhong@sejong.ac k')

Carbon has attracted more and more attention in scientific aspects and technological applications due to the diversity of
structural and electrical properties. The forms of carbon include not only the crystalline phase of graphite, diamond and
fullerene, but also many amorphous materials. As one of non-crystalline carbon, the activated carbon could be used as
adsorption materials and catalyst due to their developed internal pore structure, huge surface area and presence of surface
chemistry activity. Treatments such as thermal treatment and chemical treatment can modify the pore structure and the
chemical nature of the activated carbon. The modification of activated carbon is an attractive route towards the novel
application of these materials as gas-phase adsorbents, as well as catalyst supports.

In this work, the influence of pore-structure on VOC absorption properties of multi-porous activated carbon powders
was investigated with systematic structural investigation. The three different activated carbons with different porosity and
surface area were selected. The samples exhibited almost amorphous carbon structure with small amount crystalline
graphite. The specific surface area of the samples was measured by using BET analysis and was in the ranging between
1351 and 2245 m*/g. In detailed structural analysis, the three samples revealed the significant difference in specific surface
area in micro-, meso- and macro-pore, which strongly influenced to the absorption properties of toluene that is one of the
VOCs.

Keywords: Activated carbon, Amorphous carbon, VOC adsorption
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SRS FAEEEN U o] ofHlE Jaas F shuolth Rt St A AU s HEES A
A8 FE 2 Fe7)8 78 A5 s oz de] ARE AL ot E9Me o 2 QP ARl 'R el E
[k Ajoleh whetba] & Aol A= Ul WAk BHEE A S EEsto] AR 9 55 HEE ATAIR o8-
¢ e SR (ES AN Al 8k} St

U SHEE A3 w5 9 SRhE AH = Skl Stk o 'R A TS ARAYel| ofsto] s e = Ht
S5 glom AR BheA] 37 A #) AApA|Fol A EAY St T3 A5 A 17| AL 9l A oloh REEA| 57
of| A WA Sh= TEE-S SHtE AH = S5 o= &l BolshA| L, thge] EEo] FrE o e AdHE &
Aetel o5 LG5t ol eHeE 23 st 2 EaE AlA A5 AAIsHl o 2FH o R 1o g
F A=A Aot 1ok HEE ASH o2 RE 5714 38S SEsto] gEE SRR Al2E A
). g A9 AR e A5 U A E SElRME RIS glstr] 918l A1 XRD(x-ray diffraction)#-4]-& A |5}
Ao, A= 8N ok U EoE AlA As= FeIsk] #18) ICP(Inductive Coupled Plasma)#-4]2- A A|5H3A T
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High energy ball milling and sintering characteristics of Ti-Al-Nd alloy powders

OIS, FAIY, 0|54, AR
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(sychang@kau.ac.kr")
2 A9oll M= 242 3 Ti, Al 9INd 83 0]-8-510] Ar 291 7]0f| A 28|12 2 &= 800 rpm ] Y =2 34]
7+ =0} 2 112 5}o] Ti-d8wi%Al-4wt%Nd S BarS 2] 25190k Ti, Al 2 Nd2] %7] 5k Afo] 2= 7k7F 20um, 40
m, 200pm 3. 0.1, W X ] - a3t Bko] 92} 7] F3= 7-20umo] {t XRD £4 A3t TiAl, TiAI3 o] ste=

© EMR

ge] Ado] BRlE o] ehaalrt o] ol AS & = ATk W S Stearic acid BFIT(S wi%) 2k S315}0], 152
QF390MPad] oF e 2 AJgste] Uie 60%2] JFAIE A=slArk 71 & Ar 29171014 1373K =2 8AIZF &<t
= AR A3k 28 A 9] Witz 99% R0, Zea= oF 460Hv Rt XRD 24 A3 TiAl3, TiAl Ak 2~ Alof) A
ABNd®| 337} 2RIE| Ae}. ARt A2 AJH 2] £/d2 SPS(Spark Plasma Sintering) % 2] A1 S| 5743} v]aL

Keywords: High energy ball milling, Sintering, Ti-Al-Nd powders
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Photodegradation of gas-phase acetaldehyde using TiO, photocatalysts
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VOCs+=57d0] Qlal Ao, e, 7198 4& Fidte =8 = oA sl 53] tf7| &A= &t g3tet
2R 710) A=A 712 2 @ o] FRA|FER o] §3I 1 k= VOCs 52 51LRI oA ELH| S| =5 A6}
Q3] =l o] A 2K EE]sko] (sol-gel process, RF sputtering process, P25) thFgk 2719 F=ul & 0|25 34H 3
S sty A3, UV-C7FUV-A Ert 3Z2] 2(photo flux)7} B ZE= o]t K 335 7} apdo
Aol A =& Hofa& 7HA 2= A 02 AZHEH, UV-A, Cof| 4| o] Whg-2- vl sl 2 A1}, g-elof| Aglo] Al 744 3=
o 2| 2R of| whE FEu) o] SFHE)8-S P25>sol-gel process>RF sputtering process & <=4 2 LFERyTh

Keywords: photocatalysts, TiO2, acetaldehyde, VOCs, Sol-gel
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Manipulating Wettability of Catalytic Surface for Improving Ammonia Production
from Electrochemical Nitrogen Reduction

ZI=S Khurshed Alam, 30|24, &M, AT

Ayt

(usim@jnu.ac kr')

Electrochemical nitrogen reduction reaction (ENRR), direct photocatalytic, or electrocatalytic conversion of N, with
water molecules into NHj3, is considered as promising alternative for the traditional Haber-Bosch process. In this work, we
present a method for improving ENRR performance by controlling the wettability of surface of the catalyst, which
suppresses hydrogen evolution reaction (HER) while facilitating N2 adsorption. Reduced-graphene oxide (rGO) catalyst
with the hydrophobic surface property (C.A 59 °) was synthesized through a high-density atmospheric plasma deposition.
Two other surfaces with hydrophilicity (C.A 15 °) and superhydrophobicity (C.A 150 °) were developed through
additional argon plasma and heat treatment of as-deposited rGO, respectively. The ENRR results show that the ammonia
yield and Faradaic efficiency tended to increase with increasing hydrophobicity. Electrochemical measurements reveal
that superhydrophobic rGO achieves higher Faradaic efficiency (5.73 %) at - 0.1 V vs. RHE and higher NH3 yield (9.77 pg
h' em™?) at - 0.4 V vs. RHE in 0.1 M KOH electrolyte. These results affirm controlling the wettability of the catalytic
surface is an effective strategy to improve ENRR performance by suppressing the HER. This study inspires the
development of rGO electrocatalyst via surface wettability modification for boosting ammonia electrosynthesis without

any additional framework.

Keywords: Electrochemical, Electrocatalyst, reduced-Graphene oxide, Ammonia, Nitrogen reduction, Energy conversion,
Wettability
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The Spinel-type Ni2Ge04 Electrocatalyst with improved catalytic activity for
efficient electrochemical N2 fixation to NH3 under ambient conditions

Jaehyoung Lim, Hyeonuk Choi, Dohun Kim, Subramani Surendran, Yoongu Lim, Uk Sim'

Department of Materials Science & Engineering, Engineering Research Center, Chonnam National University, Gwangju
61186, South
(usim@jnu.ac kr’)

Ammonia (NH3) as a fundamental chemical material is essential to industrial areas for fertilizer, hydrogen storage, and
fuels. Generally, the production of 180 million tons of NH3 per year depends on the Haber-Bosch process. This
energy-intensive process consumes nature gas with huge CO2 emissions. The electrochemical nitrogen reduction reaction
(ENRR) for ammonia synthesis under ambient conditions has emerged as a sustainable approach to overcoming the limits
of the Haber-Bosch process. Nevertheless, the electrochemical synthesis of ammonia suffers from poor selectivity and low
efficiency owing to the constrained catalytic activity and competitive hydrogen evolution reaction (HER). Transition metal
oxides are recognized to be the potential electrocatalysts that contribute a sluggish activity to deteriorate HER reactions.
Besides, the bimetallic oxides with multiple electroactive sites can promote improved catalytic activity. In this work, as a
proof-of-concept, Ni2GeO4 nanoparticles synthesized via a facile hydrothermal method were investigated as novel
electrocatalysts for ENRR for the first time. The prepared Ni2GeO4 electrocatalysts achieve the highest Faradaic
efficiency of 3.38 % and ammonia yield rate of 2.66 pg h-1 cm-2 at — 0.1V vs. RHE. The improved ENRR activity can be
attributed to the D-band center near the Fermi level, and exceptional electrochemical properties due to changes in
electronic structures due to the interaction. Thus, this study intends to inspire the development of Ni2GeO4 based

electrocatalysts with innovative approaches to influence ENRR activity.

Keywords: Nitrogen reduction reaction, Ni;GeOs, Electrocatalyst, Transition metal oxide, Ammonia

‘319 [



2021A: StERE S| FAIskalz]

P-145
Sb ol% AIIHEl Sn02 Ll-h:k‘IOI 7|-A7I-SEA'|
URIE w52, Ly, zay'
QIShelEaL Al Bt
(sangsub@jinha.ac kr")

SBEATHA] TR 943 2, S QPR AL MHE S B4 W /A4S .02 thafel 7kag g shes A
B== - Q71 AR AR T shuolnk Z12|al 7R AlA of) ARS-E= TRt 8 B SnOx WAl 52 A,
E2 G R AHE T FHER A8l FHATHA AR AR A5 A e EAI- ol Qe ol =Rt AllA 9] 1A 5
= APV Al AE4 7168k pn o[ FHT, UV AL o2 Aol 2h-2 thefel Adefol] AQb=|ar et 12]al oF
B (Sb)2 SnOx 0| M 52 0¥ HEAS o] F7] A8l 71 d 2] AN El = =HE & shuotk I E R & AtoM=
Sb 0|2 A1E Sn0; L lo] 7k 7] As-S ZARSIICE AIZE AL 28 S5 2 hadE 242 Ao

S 7 Ze EIsk3I. o]t Al Aol Bgste Sb o
A A A YEE AlA st ek

—_

=
B, 2520 2 300 WNO, 7h2ol4 g e g
2ol ofa A4} i WS} U S A UAE Vet

Keywords: Sb ¢]-&, SnO,, U=Al, 7}2AAlA

320
I \)



2021 SHEINB S| et 3

P-146
= LI Z7L 28 7St E HYY BALILREL 7IA 235
AT, 0|FT, &M

S AR SRR A I A A D L), A Al

fin

(csw0427@kangwon.ac kr')

ol
JV
_E;

4 A 7|k 7k Al = 715 0] Alete Al 7]Rke] Al A of] vsf el 2)/eeha] S/ o] ll-- p3tal Aol A
of S|k shehE ol vieh -S4 o] st ﬁ 1 XHEE*H W2 RS AL glon, o|ef g2 A Al 7Rk Al
K9] A-83E HsiMe 54 =2l e A Ao B 871531 ik %5,%‘311 =

w5 S aEitehE e A T A R %‘jﬁ}f\l A, 7153} ' A 7HE Al A of] e At7E s
S Wi AR @A fll A 2k o vhol A, of= i, WA s sfi(radiolysis), 25} ﬂi
I3RS o] 8RN & ol A P SO Al=EAL Lo, 11 A o)Al B8R FR M2 A2 AT vl
A5 0] Sl Wi Q) o] Gl obu Bl L AR AllA o)) o] P o2 e Ak = Q= A
Uk & Aol = A oA & A8 B ol 8k Sl s W dAE T Y B e R E0| 7] 58}
ShaL, A3z |o] FAMHS o83l HIEAAE Al S-S B/ 5, olof uhe Hariie] tigt H-8-54& H7 18Il

¢

O

-

o1 o=

g S
gk, S Wl LRoglA}e] B A0] 717150 N0, NH3 TL2)1 CO 7ol dfeh HEe) Ao o] )2l J5e 2

Keywords: T H b f e 78wl Ub1e 912} NO2 72, 7FAAIA

321
I



2021A= SHEMRSHS| EA St

P-147

T EAPE EL

(hyojkim@cnu.ac.kr")

7159] BRA LR 7]be] Ul 4| 2 AT 4 Gl 145 RSt 1 A9l o U)X o] that A7k A ehastA
ol 20} 2| 1 QJck. T3k, 7)) s 7]9Hek BRA{ Gl ARG ol A BT 8 HA) 5052 Qs Zt ALY Ul Ao Tt
o] ZTHFAL QL. Bjefe i), FH oA, ZH oA, 4ol 2] 5 thaket E5e] AAA o K] 7hed] 4]
YA o 270l Aglo] B8 A7) Balshol 47 4G 4 glom, o x| Abg F HakZo] B(H20)Holehx X
o AR 2 58] 2L gek,

of 2] 7}A] S AAR P Sof| B g Egate] 4 AR E AAletE = FH 7Sk B Bl Axg o R de] 2
O]i=ZnOA| B2 AA 9| FH3h e A Aargt W H|E Aaa/d o & Qlsf B o)1 {5k FAfES 2h5=aL Qlek
Z| g o] 83 B 2ol vhge] A8 FHF O R A Zhofof 3 P 7| BsHA A5 A7) flEl oY
7HA] A 7o) FSufel 1 8re] o FEjE EFe AR R A Yt 27 HF A 02 AR Qlet & AtellA=
STt =P ARl SR 2] 7|9 flofl ZH2 = E T3 0 2 ZnO nanorod & 374X $- sputtering T © &2
Cug F2lsto] 337417|318H4 & Eoff E42 B7lskaat vk

Keywords: ZnO, 5~ 3HdH, Cu, Catalyst, OER,

od
=
N
Lo
L
)
e
i
%
oid
)
Ju
4
B
e
il

322
I \)



20214 SERESHS| &AISkalE

P-148

Degradation of methylene blue using recycled TiO, by
atmospheric pressure dielectric barrier discharge
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Low temperature CO oxidation by Pd-Ce0, catalyst on SiC monolith synthesized
using electrodeposition
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Several synthesis methods have been investigated for the growing of low-dimensional cerium dioxide (CeQO,) catalysts
on the monolithic support such as hydrothermal process. However, as another synthesis process must be needed to load
noble metals to the CeO,, coating CeO, catalysts loaded with noble metals on the monolithic support has remained a
tremendous challenge. Here, we significantly mitigated this issue by one-step electrodeposition. We developed a simple
strategy for synthesizing Pd catalyzed CeO, (Pd-CeO;) on silicon carbide (SiC) monolith. Due to their hierarchical
low-dimensional nanostructures and increased surface areas, the catalyst (Pd-CeO,@SiC) has high performance for CO
oxidation at low temperature. More interestingly, the Pd,Ce; O, species exist between platelets-like CeO, and coral-like
Pd clusters. There are metallic Pd®, PdO and PdyCe;—O,-5 solid solution which formed during electrodeposition and heat

treatment, so dispersed Pd species provide high catalytic activity and mechanical stability.

Keywords: Electrodeposition, SiC monolith, CO oxidation, Pd-CeO, catalyst, Diesel oxidation catalyst
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Basic research on fabrication and characteristics of ZnO-based gas sensor device
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The development of nanostructured materials has resulted in enhanced gas sensing performances as compared to bulk
materials regarding to superior qualities like large surface area to volume ratio. And metal oxide semiconductor gas
sensors have been used for detecting explosive and harmful gases due to advantages of properties like sensitivity,
reproducibility, stability against harsh atmosphere. Among metal oxide-based sensors, zinc oxide (ZnO) based gas sensors
have been widely used due to fast reponse, low detection limit, high selectivity, reliable performance and low
manufacturing cost. ZnO nanostructures were fabricated using metal-organic vapor chemical vapor deposition (MOCVD)
followed by electrode evaporation and rapid thermal annealing (RTA) in this work. Morphology and chemical
composition of ZnO nanostructures has been figured by scanning electron microscopy (SEM) and energy dispersive x-ray
spectrometer (EDS). The gas sensing characteristics have been observed investigated regarding to response of gas sensor
by parameters like time, temperature, and the concentration. And the gas sensing mechasnisms and the future work for

enhancing characteristics of ZnO-based gas sensors are discussed.

Keywords: ZnO, gas, sensor
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Monte Carlo simulations integrated with first-principles to understanding
early-stage oxidation process of UO, in aqueous solution
2z, RO}, BhyR
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Safe control of used nuclear fuels disposed in deep underground is of paramount concern for modern society. Previously
various scenarios of release of the radioactive materials via contact of groundwater at elevated temperature and pressure
conditions were proposed. For example, oxidation of the spent nuclear fuels has been suggested [1] without clear
elucidation of underlying mechanism. In this study, we study early-stage process of UO, oxidation reaction using
first-principles density functional theory calculations and Monte Carlo simulations.

Thermodynamically most stable surface of UO, is identified with surface energy calculations. Atomistic level of surface
oxidation of UO; is described by Monte Carlo simulations, in which the interaction potentials between adsorbate O and
UO; are obtained by cluster expansion theory. Furthermore, the potentials enable us to calculate not only surface Pourbaix
diagram but also cyclic voltammetry of UO,. exposed to aqueous solution, which are invaluable for understanding the
oxidation mechanism and characterizing detailed structures.

Our calculated Pourbaix diagram indicate that oxidation potential of UO, surface is lower than bulk for the same
stoichiometric oxide (i.e., easier oxidation). In Monte Carlo simulations, it is shown how the surface oxidation evolves
with varying oxygen chemical potential and temperature. Our results are very consistent what were reported by
experiment, and detailed oxidation mechanism is clearly identified for the early-stage reaction. It will provide a useful

guide for safe management of disposed used nuclear fuel in underground.

References
[1] Ziyan Zhu, Shoesmith, David W and Noé¢l James J, Electronic Thesis and Dissertation Repository, 5787 (2018).

Keywords: monte carlo simulations, cluster expansion, spent nuclear fuels, pourbaix diagram, cyclic voltammetry
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The Influence of Gd doping on Oxidation Resistivity of UO,
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UO; is of interest material particularly regarding with their long-term structural integrity at deep underground as
disposed spent nuclear fuel. Gd-doped UO, (Gd-UQ,) is one of its derivatives forming via nuclear fission of U-235. In
spite of experimental reports on influence of Gd dopant on UO, oxidation its underlying mechanism is not clearly known.

In this study, we utilize first-principles density functional theory (DFT) calculations to elucidate how the oxidation
behaviors of a pure UO, change with substitutional doping of Gd for U element. The oxidation of UO, and Gd-UO; is
modelled as two-step process: (i) adsorption of O atoms on the surface. (ii) diffusion of adsorbed O into interstitial sites of
UO; subsurface. Adsorption energy of O in (111) surfaces of UO, and Gd-UO, with varying coverage are calculated. Our
results indicate that the doped Gd atoms weaken the O adsorption regardless of the surface coverages less than 1
monolayer. Electronic structure calculations shows that the UO bond strength is weaker in Gd-UO; than in pure UO; due to
less charge transfer from U to O. Moreover, the doped Gd atoms do not adsorb O, indicating they effectively reduce
adsorption sites of O. These two facts consistently poise that Gd doping can enhance the structural integrity of UO2 due to
preventing the surface oxidation.

Our DFT calculations also indicate that Gd doping suppresses surface diffusion of O via lattice contraction of UO,. In
summary, the oxidation of Gd-UO, is thermodynamically less favorable than pure UO,. Our results can guide for

post-process to enhance the safety for spent nuclear fuel disposed in deep underground.

Keywords: first principles, Gd doped UO,, oxidation resistivity, adsorption energy, Mulliken population analysis, electron

localization function
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Dramatic Catalytic Activation of Kinetically Inert Disilane Hydrolysis in Metallic
Iron Particulate via Barrierless Chemical Dissociation: First-Principles Study

WeiTao, Byungchan Han*
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Disilane (Si2H6) is a key substance for chemical industries designing semiconductors and graphene materials. Its
reaction mechanism is, however, still elusive, as evident from serious chemical accidents when exposed to open air. Using
first-principles density functional theory calculations, we investigate the thermodynamic and kinetic mechanisms of Si2H6
hydrolysis, with and without oxidative conditions of adjacent water, oxygen gas and metallic Fe particulates. Despite the
remarkable thermodynamic spontaneity, direct hydrolysis is kinetically sluggish due to the high energy barrier. Hydrolysis
initiated by O2 is identified with a multi-step radical mechanism, which is kinetically more favored than the direct
hydrolysis. The energy barrier of rate-determining step is, however, still too high for Si2H6 to react in a humid and
oxidative environment. Surprisingly, we report that metallic iron serves as an of interest heterogeneous catalyst for the
Si2H6 hydrolysis dramatically lowing the activation energy barrier for the dissociation. Our results propose that fine air
particulates including Fe can play a key role in facilitating the explosive reaction of Si2H6 potentially leading to severe

chemical accidents, otherwise very inert.

Keywords: First-principles calculations, Disilane hydrolysis mechanism, Semiconductor, Heterogeneous catalyst, Severe

chemical accident
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Enhancement of photocatalytic properties using
electrochemically Li-doped TiO, photocatalyst
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Because the suitable properties of TiO, for photocatalysts such as cost effectiveness, stability and Non-toxic, TiO, is
attracting. However, TiO, has wide band gap and fast hole-electron recombination which hinder photocatalytic
performance. To enhance the photocatalytic performance of TiO,, alkali ion doping process is has been known. Alkali ion
doping can enhance the photocatalytic performance some extent. Nevertheless, doping process and doping amount control
of alkali ions is complex. In this presentation, we suggest the facile Li doping method using electrochemcially intecation
method. Doping of lithium induces the formation of LiysTiO, phase, resulting in enhaced photocatalytic performance.

Consequently, Li-doped TiO, shows the enhanced hydrogen evolution rate.

Keywords: Photocatalyst, Alkali ion doping, TiO,, Hydrogen evolution
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Facile synthesis of oxygen-deficient black BaTiO3; nanoparticles using black TiO,
for piezo-catalytic application
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Recently, through theoretical and experimental studies, it has been reported that defect engineering is a promising
strategy for improving piezo-catalytic performance by modulating the electronic structure of metal oxide. However, in
spite of active studies, reported researches has been mainly focused on the reduction-based methods which require harsh
chemical agents and multi-step processes to induce oxygen vacancies and/or low valence metal species. Although a few
researchers have been reported partial oxidation methods from the low valence state precursor in order to develop a
synthetic route compatible with the cost-effective process, it is still remained a challenge to synthesize defect-rich
multi-component materials. In this study, a simple synthetic strategy for defect-rich binary metal oxide was proposed.
BaTiOs, which is still limited to practical piezo-catalytic decontamination due to its poor carrier concentration, was
adopted as a model system and oxygen-deficient TiO, (so-called black TiO,) was used as a starting material with the
BaCO; in order to control the final oxidation state. BaTiOs nanoparticles with controllable contents of oxygen vacancy
were successfully synthesized by solid-state reaction of this mixture in the different atmosphere. Then, the correlation
between physicochemical property and piezo-catalytic performance was systematically investigated by various analysis

methods.

Keywords: Oxygen-deficient BaTiOs, solid-state reaction, piezo-catalysis, black TiO,
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For past decades, innovative solution approaches and low-temperature processes have been successfully developed for
high-performance metal oxide (MO) semiconductors and their optoelectronic applications. Although those strategies could
effectively lower the activation and chemical transition temperature to achieve high-quality a-MO films from precursor
solution, those a-MO semiconductor based optoelectronics steadily reveal problematic issues originating from the
amorphous phase; i) limited electrical performance due to inefficient conduction paths, ii) amorphous defect-state induced
operation instability, and iii) limited materials candidates (earth-rare metal based (In- and Ga-based) MO semiconductors).
In contrast, the c-MO semiconductors are advantageous to demonstrate high-performance and high-stability optoelectronics
owing to more effective conduction paths and suppressed defect states.

Then, we report new catalytic metals-induced low-temperature crystallization process technique introducing a crystalline
catalytic metal seed layer for low-temperature crystallization of solution-processed a-MO semiconducting films. The
newly developed CMAC process could effectively suppress crystallization temperature (> 300 °C) of solution-processed
a-MO films, enabling scalable manufacturing of high-quality semiconducting c-TiO2 film with well-aligned anatase
grains and low-defect density. In particular, AI-CMAC process using crystalline thin-aluminum (Al) catalytic metal seed
layer simultaneously facilitates low-temperature crystallization (> 300 °C) of solution-processed a-TiO2 films and the
implementation of c-TiO2 TFTs with superior field-effect mobility, good on/off switching behavior and improved

operational stability.
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Ultra-flexible and transparent electrodes with crack-propagation preventing
nanostructure

Korea Institute of Industrial Technology
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=2 BT E 7FX| 31 Q)= Indium Tin Oxide (ITO)+= Zgo] & =Y AZ o2 dy] e Qo) S-AA9] 3
A 22 cpulol 2 2ol Aoto] itk 212 5-41480] 925 L To] U metal grid 2 AEA T4 z;% A3t

Aol it Q171 Eis) o] FoiR| AL Jlout o WA BRI A2 o= sl A-8to] ool ot uhet
A ©.8)is 7)1 2 ARE 2791 ITO9F Ag®] L 22 o] @510] 7=to] Mle® wf YFaH crack o] ATkE §82 02 7+
AA7)E | AUZO0 8 0] 90140 FFAMA] 7] Hh of| e ALFITE Ag crack AT} o174 L2 crack @] 2
0]7}8.7~72.1 um 4252 0 & crack ATFE A A7) 2] Hahs 712 ITO/A/ITO Bkt A =o]| B3| 109HH Hl Y (strain
~2.5%)0ll A o] Agskgo] 5~15% 2 UG3] k.

Keywords: flexible, electrode, resistance, nanostructure
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Fabrication of gallium nitride on AIN buffer layer with hole pattern mask using
lift off method

== o =
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2ys, Wzl

aejojshaL A4 Az skt

(dbyun@korea.ac.kr")

There are two ways to grow GaN rods: bottom up and top down. In the case of the top down method, it is simpler than
the bottom up method by using an etching technique, but it adversely affects the device quality. The GaN rod method we
manufactured this time is a bottom-up method. therefore it becomes a basic step to grow the rod. If the lift-off method used
in this manufacturing method is used, masking is produced only by photolithography without using reactive ion etching
(RIE), so it is possible to form a masking pattern more simply than the conventional manufacturing method. In addition,
LT GaN and AIN are mainly used as buffers to reduce the lattice constant with the substrate. In order to grow GaN rods, an
AIN buffer that grows in the shape of a hexagonal cone is essential. furthermore, if a mask is stacked and GaN is grown
thereon, different polarities may be grown at the interface due to the inversion domain boundary (IDB). Therefore, in this

study, conditions for making high-quality rods were prepared by growing AIN buffer and GaN before covering the mask.

Keywords: GaN rod, MOCVD, Lift off, AIN, Sputter, Photolithography, Micro LED, LED
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Surface Treating Method of CsPbl; Perovskite Quantum Dots
by Ligand-Assisted Sulfide

arEoshal Al 7| REE A5 A

(sooyoungkim@korea.ac kr')

Recent study of cesium lead halide perovskite is increasingly important for quantum dot(QDs) light emitting diodes.
Their great contribution to advanced perovskite light emitting diode research is truly respectful, but there are still a long
way to achieve a goal. Obstacles like moisture weakness, lifetime blocked CsPbX3(X =T, Br’, Cl'), and phase stability is
one of them. Especially CsPbls, the most metastable cesium halide perovskite in room temperature, needs more advanced
method of enhancing stability. Here, we introduce surface treating method of CsPbls to enhance their phase stability and
increase photoluminescence. With sulfur-oleylamine, called S-OLA, photoluminescence intensity increase by 21% and
aged CsPbl; QDs that transformed into nonluminous phase was recover its photoluminescence 95% of that of the fresh

QDs. Therefore, this work will bring us to the upstair of cesium lead halide perovskite QDs research.

Keywords: lead-halide perovskite, CsPbl; quantum dots, surface treatment, photoluminescence intensity, stability
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Enhancement of Blue-light Emitter CsPbBr; Nanoplatelets through
Post-treatment Surface Passivation
HEEIQ, ZZ, Aot

KAIST
(byungha@kaist.ac.kr")

Due to extremely narrow luminous spectrum (full-width at half maximum (FWHM) < 20nm), i.e., high color purity,
lead halide perovskite has emerged as a candidate for next-generation light emitting diodes (LEDs). Especially,
all-inorganic CsPbX; (X=Br, I) emitters have showed the photoluminescence quantum yield (PLQY) of near-unity for
green and red-light emission. However, further research is required for blue light materials with relatively low
light-emitting performance. By moderately exchanging Br to CI in CsPbBrs3, the light emission spectrum can be matched to
the blue-light emission. nonetheless, the mixed halide component, CsPbBr;.(Cly, suffers from phase segregation due to
easily ion migration, which introduces low PLQY and poor spectral stability. Here, we show a synthesis method of
low-dimensional CsPbBr; nanoplatelets (NPLs) that is efficient at emitting blue light without the need for
halide-substitution. CsPbBr; NPLs with 2 monolayer (ML) and 3 ML of thickness yielded PL peak at 435nm with very
narrow FWHM of ~ 15 nm and PL peak at 456nm with FWHM of ~ 20 nm, respectively. To improving optical properties
of these NPLs, we conducted post-synthesis treatment with tetrafluoroborate salts—almost 10-fold increase in PLQY was
observed without major spectral change. Details and discussion of the results behind the improvement with the

post-synthesis treatment will be described.

Keywords: Blue light, CsPbBr3;, Nanoplatelets, Tetrafluoroborate
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Photoluminescence of Eu**-doped organic-inorganic hybrid POSS phosphors for
the application of flexible display

Heat QHYE HAHE, olM4T

Alebjela Al FeR

(ssyi@silla.ac.kr")

We have suggested organic-inorganic hybrid polyhedral oligomeric silsequioxane (POSS) type monomer ligand 2,6-
pyridinediamine-bis-propanylheptaisobutyl POSS (PDC-POSS) and synthesized of rare earth (RE = Eu3+) doped hybrid
complex PDC-POSS phosphors. Rare earth doped PDC-POSS were successfully synthesized of molecular precursor
prepared from PDC-POSS complex from the FT-IR spectra. The excitation at 288 nm ultraviolet light, strong visible
emission was detected from the RE3+-doped PDC-POSS. XPS was used to prove that the substitution and doping of rare
earth ions in PDC-POSS material proved that the oxidation state of rare earth ions was +3. The origin of the red emission
is attributed to the crystal field transition from the 5d energy level of the RE3+ ion to the 4f ground state. PL decay time
results suggest that the photoluminescence properties were quenched in relation to the rare earth concentration Eu3+ ions.
As the amount of 0.25 mol% ions added increased, when the amount of rare earth ions increases, the distance between the
activator ions in the parent body becomes closer and exchange interaction between ions, It is considered as concentration
quenchingSolution-based coating of PDC-POSS:RE3+ phosphors on various objects showed the excellent transparency of
the phosphor thin film having strong color emission, which can be recognized by naked eyes. The hiding under usual
condition and easy identification ability of PDC-POSS:RE3+ phosphors indicated feasibility of RE3+-doped PDC-POSS

as anti-counterfeiting inks and flexible composite applications.

Keywords: POSS, Photoluminescence, flexible, Anti-Counterfeiting, Hybrid
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Keywords: nanowire, InGaN, molecular beam epitaxy, LED
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4Depalrtmen‘[ of Chemical and Environmental Engineering, University of California, Riverside; SKRISS
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University of Norte Dame, Department of Chemical and Biomolecular Engineering; 'SFa-th gk A1 4]

ol

*University of Notre Dame, Department of Chemical and Biomolecular Engineering; *gFofcjahi, 4jj =

Nanocrystalline cobalt-phosphorus (Cojgo<Py) thin films were electrodeposited and their extrinsic magnetic properties
were systematically studied by controlling various synthesis parameters. The crystalline thin films exhibited the
perpendicular anisotropy which had the behavior of strip domains. The incorporation of phosphorus (P) atoms into cobalt
(Co) lattice structure resulted in the transition from single to pseudo-domain particles. As P content augmented in the
crystalline deposits, P precipitation at the grain boundary served as pinning sites, resulting in higher coercivity. Further
increase in P content reduced the crystallinity of the deposits and thereby lowered perpendicular anisotropy and coercivity.
Promotion of P content was observed at higher NaH,PO, concentration, lower pH, and smaller film thickness.
Temperature was also adjusted to tune P content by controlling the fraction of free Co”" ions and complexes Co(NH3)s in

solution.

Keywords: Electrodeposition, Co-P thin film, Nanocrystalline, Magnetic property
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Fabrication of Electric Conductive Film via Laser Patterning Process
A20H, MM, 0lME, 0|%7|"

A s AT
(withs@kitech.re.kr")

The radar sensor of an autonomous vehicle can deteriorate its detection performance when frost or moisture is generated
in radar surface. Degraded radar detection performance while driving can cause serious accidents. As one of the methods
to solve this problem, a heat generating film of a radar sensor is applied to remove moisture. Using CNT, which is a
conductive material for heat generation, a conductive film composed of circuits was manufactured. The conductive circuit
was manufactured through laser etching after coating CNT/CNF composite ink. The amount of CNT / CNF ink to be
etched can be adjusted according to the century and time of the laser. SEM analysis confirmed the thickness and
morphology before and after laser etching. Also, the thermal stability of the conductive ink dispersed by compounding
CNF with CNT was confirmed by TGA analysis.

Keywords: electric conductive film, laser etching, carbon nanotube
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Advanced Metallization of Contact Fill Tungsten Thin Film Process with
Controllable Growth System

Zetay FAT, UEY| MOE, LS, WRIQ, AR, 011, 2UE M

flojotolzjoi|2
(jin_ho_jeon@wonik.com")

It is becoming an essential technique to achieve the gap-fill of tungsten metal thin films for the fabrication of sub-10 nm
semiconductor devices. Seams and voids are commonly observed in the conventional tungsten chemical vapor deposition
method due to difference in deposition rates inside wall of holes. For the successful gap-fill of tungsten, the control of
deposition rates inside wall of holes is very critical. For the gap-fill tungsten, controlling deposition rate in the hole and line
patterning each part is considered.

In this study, we introduce a controllable growth system to improve the gap fill capability by adjusting deposition rates
in the sidewalls. As a result, we achieved successful gap-fill of tungsten metal thin film with reduced seams and voids, on
the trench substrate with 27:1 aspect ratio. Prepared films were characterized by high-resolution transmission electron

microscopy, X-ray fluorescence and resistivity probe.

Keywords: gap-fill, tungsten, seamless, void and seam, metallization
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Morphology-controlled growth and photoelectrochemical properties of
few-layer MoS; nanosheets

Dong-Bum Seo, Viet Dongquoc, Eui-Tae Kim '

Department of Materials Science and Engineering, Chungnam National University, Republic of Korea
(etkim@cnu.ac.kr’)

The development of advanced materials for efficient photoelectrochemical (PEC) water splitting is notable topic to the
field of renewable energy. Two-dimensional (2D) metal chalcogenides, such as MoS,, MoSe,, and WS, has been attracted
huge research attention as a promising semiconductor for PEC water splitting due to their great electric transportation
property, and strong PEC reaction under visible light. Among them, MoS, in 2D semiconductor with superior absorption
on visible light and high catalytic activity has noticeable potential to applications based on PEC water splitting. Herein, we
fabricated a PEC cell based various morphology of MoS; on indium tin oxide (ITO) substrate using metal-organic
chemical vapor deposition (MOCVD) method. PEC photocurrent of vertically grown MoS, nanosheets was significantly
enhanced compared to MoS; nanoparticle due to the efficient transfer of charge carrier and high density active site. The
improved photocurrent on PEC performance was attributed to the efficient charge separation and improved light
absorption of MoS, nanosheets. Meanwhile, photocurrent property of further thick nanosheets was decrease due to the
diffusion length limit of carriers. This work suggest a valuable design of photoelectrode for suitable morphology like

nanosheets for efficient PEC water splitting.

Keywords: Metal chalcogenides, MoS,, photoelectrocatalysis, chemical vapor deposition
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Study on the characteristics of AIN buffer layer deposited with RF-Magnetron sputter
for GaN growth

(dbyun@korea.ac.kr")

When growing GaN directly on a sapphire substrate, it is difficult to grow excellent GaN due to a lattice mismatch
between the GaN layer and the sapphire substrate and a difference in thermal expansion coefficient. AIN is mainly studied
as a buffer layer to reduce the problems between the GaN layer and the sapphire substrate. In this study, the characteristics
of the AIN buffer layer to grow an excellent GaN epitaxial layer were studied. As the AIN buffer layer deposited on the
C-plane sapphire substrate, RF-magnetron sputter was used, and temperature was used as a variable. XRD and SEM AFM
were used to analyze the properties of the deposited AIN buffer layer.

Keywords: RF-magnetron sputter, AIN, Aluminium nitride
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Synthesis of Forsterite(Mg,Si0,4)-Cordierite(Mg.Al,SisO+g) nano particles for
millimeter wave and study of their properties
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(dkwon@kau.ac.kr"

For 5G, 6G mobile communications, high frequency of millimeter wave region is expected to be applied for high speed
and larger data transfer. Forsterite(Mg,SiO4) and Cordierite(Mg,Al4SisO,5) which has low dielectric constant( <6.8, 5)
and high Q factor which is the inverse of dielectric loss at high frequency are promising crystalline materials for millimeter
waves.

In this study, crystalline forsterite was hydrothermally synthesized and cordierite amorphous nano particles were
synthesized by a two step process of sol-gel method, hydrothermal reaction

These synthesized forsterite and cordierite particle’s phase formations and shapes were estimated by FE-SEM, X-ray

diffractometer. In addition these ceramic’s bulk properties are estimated as sintering, dielectric properties.

Keywords: Forsterite, Cordieirte, Hydrothermal synthesis, millimeter wave, Low dielectric, High Q dielectrics
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Lift-off Fabrication Suitable for Design of Thick Multilayer Dielectric Reflective
Film in Laser Direct Patterning Photo Mask for 1064nm Wavelength

OIZAL FHS ', XIMY, 2T

Slsjestie

(dyjeong@inha.ac kr")

This paper presents a novel fabrication method of dielectric masks for high-power laser ablation. Existing wet
etching-based fabrication methods have been limited to thin film design with less than 1um due to the limitation of etch
selectivity between dielectric materials and resist, and high fabrication cost. In this study, the dielectric film was designed
to have a thickness of about 2.9 pm (1064 nm wavelength, 99.1%) by electron beam evaporation with a lower process
temperature. After optimizing the dose and development conditions for a negative resist having high temperature heat
resistance (180 °C), the lift-off conditions were optimized. In this paper, we demonstrated precise patterning with high
fidelity, minimum line width of 10 wm, and 3 ¢ CD uniformity of 0.33 pum. Finally, the fabricated photomask was mounted
on the laser projection system, and then the Ag nanowires coated on the PET substrate were patterned. At this time, a high
productivity linear beam scan pattern was performed by converting the Gaussian type beam from the laser source into a flat
top type. We obtained processing results that depend on the precision pattern performance of the dielectric mask even in
the low cost configuration of the laser system. In conclusion, the lift-off fabrication can contribute to reducing the cost of
laser equipment. It is expected that the securing of precision patterning technology for dielectric masks can replace

contact/proximity photolithography in the existing micro-patterning market.

Keywords: Laser ablation, Dielectric masks, Lift off, Ag nanowire
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Pt sk Al A2k}, 'Unversity of Notre Dame, Department of Chemical and Biomocular Engineering
(dypark@hanbat.ac kr")

Magnetic properties of the electrodeposited of binary CoPt and ternary CoPtP thin films were systematically
investigated by varying the several electrodeposition parameters such as electrolyte composition (i.e. Co*" and Pt** ion
concentrations), solution pH, and current density for binary CoPt thin films and electrolyte composition (i.e. NaH,PO,
concentration) and current density for the ternary CoPtP thin films, respectively. Dependences of several electroplating
parameters on current efficiency, film composition, magnetic properties (i.e. coercivity and squareness) and
microstructure were studied. For the binary CoPt thin films, the maximum coercivities (H.,=~1600 Oe, and H. , =~2500
Oe) were measured at the deposit conditions including 0.01 M H,PtCls, 0.04 M Co-pyrophosphate, 7.5 mA-cm™ and
solution pH 8. In the case of the ternary CoPtP thin films, the maximum coercivities (H., = ~2600 Oe, and H, | =~3800
Oc) were obtained at the deposit conditions including 0.015 M H,PtClg, 0.07 M Co-pyrophosphate, 0.8 M NaH,PO,, 7.5
mA-cm™ and solution pH 9.

Keywords: Electrodeposition, Cobalt alloys, Magnetic property, Co-Pt thin film
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Keywords: Surface modification, Diamond, abrasive, Dispersion
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Growth of various metal oxide nanostructures by gradient of
thermal expansion coefficient

Fap|", 2495, 2, K|

O} T BT off %] A| st
(hakkiyu@ajou.ac kr")

When the nanostructure is formed, the physical, chemical, electrical, and optical properties of the material change
dramatically compared to the bulk. The properties of these nanostructures are used in various sensors such as gases, optics,
and liquids. Nanostructures are synthesized by various techniques such as evaporation, vapor-liquid-solid growth (VLS),
electrochemical deposition, and colloid dispersion, but there are disadvantages that it is difficult to control the density and
length of the nanostructure, and additional processes such as catalyst film deposition are required. In order to compensate
for this problem, in previous studies, the WO3 nanostructure was grown using the thermal expansion coefficient, and it
was used as a UV sensor. Based on the ideas of previous research, this study confirms the formation of nanostructures due
to differences in thermal expansion coefficients of various metal oxides. And we will try to utilize the nanostructures as

sensors by measuring the electrical and optical properties of the formed nanostructures.

Keywords: metal Oxide,Nanostructure, CTE, Thermal expansion coefficient,growth
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Mass transport barrier using Multi-Layer Graphene

AISZ, Daba Deme Megersa, 25t7|"

opF=ti St ofj L A| A 2|l Stk
(hakkiyu@ajou.ac kr")

The effect of Multi-layer Graphene(MLG) coating on copper film on the stability of film and the ability as mass
transport barrier was studied. According to the previous research, when Single Layer Graphene(SLG) is coated on metal,
metals such as Cu and Ag and Cu-Ni alloy are protected from oxidation and corrosion, and diffusion to Si and SiO; can be
prevented. However, if a defect occurs during the SLG process, the diffusion of metal is concentrated on the defect and the
barrier ability is lost. To improve this, we intend to use graphene as a mass transport barrier by stacking graphene as a
multi-layer to reduce the probability that defects in individual graphene layers are aligned in a row.

In this study, we will focus on improving the thermal stability of Graphene-copper-Graphene samples made by
repeating the wet transfer method. In order to check the thermal stability, the melting point through DTA analysis and after
high-temperature heat treatment, the surface condition is analyzed through OM, SEM, and AFM to find out the possibility
of applying the copper film protected by MLG to the high-temperature process.

Keywords: graphene, mass trasport barrier, thermal stability, wet transfer method
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Direct In-situ Synthesis of TMD/CeO, Multi-Heterostructures by
Sequential Pulsed Laser Deposition

Inhyeok Oh, Sehun Seo, Jun-Cheol Park, Sanghan Lee®

Gwangju Institute of Science and Technology (GIST)
(sanghan@gist.ac kr")

Transition metal dichalcogenides (TMDs) have a high degree of freedom to form interfaces with various materials
owing to weak out-of-plane van der Waals interaction. Furthermore, their dangling-free-interfaces lead to a low density of
interface trap and reduced scattering. Notably, multi-heterostructures (MHs) of atomically thin TMDs layers combined
with metal oxide have gained significant attention to investigate their emergent phenomena in charge transport and optical
properties. In spite of this advantage of MHs-TMDs combined with metal oxides, the fabrication of MHs-TMDs has been
significantly challenging using conventional methods thus far. Compared to other conventional deposition methods,
sequential pulsed laser deposition (PLD) has the advantage of being able to continuously stack various types of materials at
low temperatures. Herein, we fabricated centimeter-scale in-sitt MHs TMDs such as MoS2/WSe2, MoS2/Ce02, and
MoS2/WSe2/CeO2 on Si/SiO2 substrates via PLD with multi-target carousels system. We performed X-ray photoelectron
spectroscopy (XPS) and Raman spectrum analysis to observe the structural properties of TMDs heterostructures.
Additionally, the sharp interface of each layer in heterostructures was verified via transmission electron microscopy
(TEM) and energy dispersive spectroscopy (EDS) mapping. We believe that our research will be a cornerstone not only for
the fabrication and characterization of various TMDs heterostructures but also for the realization of functional devices

based on them.

Keywords: transition metal dichalcogenides, molybdenum sulfides, tungsten selenides, cerium oxide, pulsed laser

deposition, heterostructure
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All-solid-state battery inspired Li-ion based artificial synapse

Artificial synaptic devices are key building blocks for neuromorphic computing systems that can go beyond the
constraints of von Neumann architecture. The intercalation of Lithium ion-based two-terminal synaptic device is
developed for improved weight updating in hardware-based neuromorphic systems. Herein, all-solid-state battery-inspired
artificial synaptic devices are demonstrated. The developed ion synapse consists of the most traditional cathode material,
lithium cobalt oxide (LCO) thin film layers and a centrally inserted solid electrolyte lithium titanate (LLTO) thin film. The
resistance states of LixCoO2 thin film can be adjusted continuously by sequential input voltage pulses train, and that these
resistance states depend on the pulses input conditions. Lithium cations in Lithium cobalt oxide layer can migrate from one
side of LCO layer to the other side of LCO layer through LLTO solid electrolyte under programming voltage pulse or bias
sweep, resulting in change of total conductance correspond to synaptic weight, hence emulating biological synapse

plasticity. Therefore, these LixCoO2-based synaptic devices allow for a combination of possibilities, offering new

HH X !
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o

lél‘i

A osiL AR g

(hwjang@snu.ac.kr")

perspectives of usage in nanoelectronics and bio-inspired neuromorphic circuits.

Keywords: artifical synapse, neuromorphic, battery-inspired
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All Inorganic Copper-Based Halide Perovskites as ReRAM Artificial Synapses for
Neuro-Computing

AR xS

Kgohekin ARt ke g sk AR B ek 1

(hwjang@snu.ac.kr")

The progress of Moore’s law has been fueling a growing-demand for computing. However, there is a gap between the
amount of data generated and computing efficiency. The two main reasons are the saturation of processing speed, and the
bottleneck which appears between the storage and computing unit. Because the processing unit and storage unit of a von
Neumann computer are located separately, there is a time delay for data to move from one unit to another, which is called
‘data bus’. We can eliminate the ‘data bus’ itself by designing a new hardware which makes possible in-memory
operations. In the case of redox RSMs, the redox reaction rate and ion migration speed decides the switching speed. The
Electro chemical mechanism refers to using an electrochemically active metal for the top electrode. The ReRAM works
through the creation of filaments made of ions or vacancies, therefore the halide perovskite is a promising material for
resistive switching. Also, they allow facile fabrications and are easy to tune the bandgap through controlling the types and
the ratio of Halogen elements. Herein copper based HPs, which are eco-friendly and relatively environmentally stable, are
suggested as artificial synapses. Typical synaptic behaviors such as potentiation and depression, SVDP, SWDP are
demonstrated that.

Keywords: artificial synapses, copper-based halide perovskites, ReRAM
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Fabrication of anti-ESD photomask with charge channeling by introducing
transparent conductive material between chromium patterns through
partial erosion control of resist
oIEAL HHZT, 24 ZAH
Qlseista
(dyjeong@inha.ac kr")

Conductive ITO materials were introduced in the form of bridging between Chromium patterns to improve the
electrostatic-induced pattern damage problem of contact type lithography photomasks. It is very difficult to deposit a
conductive material without electrical disconnection due to the undercut nature of the Chromium layer, which inevitably
occurs due to the isotropic nature of wet etching. In this work, a method called UV-Assisted-Partial-Strip (UAPS) was
used to appropriately induce changes in the solubility and erosion properties of the resist through additional UV irradiation
and optimization of the alkaline solution process after the standard lithography process. Subsequently, it was induced to
facilitate connection with Chromium during the deposition of conductive ITO(Indium Tine Oxide). The optimized ITO
thin film had a thickness of 20 nm, a sheet resistance of 3.0 x 102 Q / cm, and a light transmittance of 84 %.

In the hand silicon rolling test, the ITO-coated specimen showed more than 6 times more electrostatic durability than the
uncoated specimen. In the electrostatic discharge immunity test using an electrostatic application gun, the maximum
endurance limit of the ITO-coated specimen was 28 kV, whereas the uncoated specimen had a maximum endurance limit
of 1.8 kV. This study proposes a high performance anti-static photomask technology that can achieve high transmission
without electrical disconnection through partial erosion control of resist called UAPS (UV-Assisted-Partial-Strip).

Keywords: Photomask, Contact Lithography, Electrostatic Damage, Transparent Conductive Oxide

358
I \)



20213 St=xH=5ts| FEAStarh3)

P-184
obzid| 6l LH oA ddt SRS St shAE LStz ol EHX|E 2H H4XHE
4AH8} LIZ L X0l CHSt St

A of

RAlfahL A2 g ek, Hate skt
(jungwoolee@pusan.ac.kr’)

Frdas AT A ol U A= ZaL Q1 o, of2ijt s e WA o= iR A Sl = Ads Vs

of wglo] Hasleh. ek, A B 4k AV TBE rol7] Sl AUFL & B 20 Sl ko]
thek A7 L aste 2 Ao A AR Ukt QIAHE 1 A e Slol ThAIS - 8l 917]0)4] Al
B4 Fo) ARSI 0| S S0 2 2ok AR QAR Lhe 37]9) dejz U WAEgle
ul, 2] B AH S0 R T AT kst o] Bsks e atshlch Eat, A Svle] 47]8k}

(2
2
olo

oA 10 mA cm-2 @] A& Wiof =EF5l= 4| 353 mV7 AL
05 W gho) EEhe A8 Sklstel, A 2)S F3t Eojo] &
7ol A 1,000 Ato] 29 4} 2hel REET} 12 AI7F5-<H2] 29k

il
o
mO

BAS Ea)), A7) AL NiO/rGO= 424 A4
o} FA 2 E A-NiO/rGO 2] 74-$-201 mViEe.
J S RISkt ESL A-NiO/GOo]| T gk Wi+

o_>|:

Q7= A71BR) A2 flstol, U ek 940k FEekeith AR ST So1E 4t Ao 4
Foto] A EROA ] S YARS SRIF0 2A, I S} obzre] S3) Alglo) AHgE 4 9SS Bhelstolr.

Keywords: =4 A%, bz =7, Y24k Y2, AU A avf, 5-A4257

‘359 I



20213 st=2xi=sts| FAsk=3]

P-185
A B B LS DT0| HXIE aks- S BE0] MABRNS S
iz, o™
Aot A mg skl 2aidsht sk
(jungwoolee@pusan.ac.kr’)
i A AR Ado] A9l ARdA] ezt ek f1et A JiEo] AlAIA ez Ebs] EiE Al Rl
ol =29 §5= 7|5t

Zero-emission, -2 ZZAX| 7k 71 FaA ] S5o] Adof| = BL5tal oanx}o] 8 7t H o7 ©
7] otk ARHA] Al A8 7EA 0] 26 %5 A8k PYCB Fifl= 7+ 4] £jofl e 7}
Alo] at/do] ZHash= Thado] itk 1o PYCB Sl A 4| vhe-9] = A4 TAQl AL
= FA717] $fsll Ba=2folrk. wbA] PUCB o3| WHd= Hol= Adet Sui 9] 7ol Hasich & ¢AtofA
Pd-Ru $h5-2 A7t =g € A 1 A(NGO) o G213 FullE nlo] 22 uks 0|83t 71 jv o = 3+ 3tk Pd-Rw/
NGO Zull=5 wit% 2] 24 HFg 7121 20 wi% Pt/CB H.o} 3o 712 0 2 A|Ze 4= gk =3 E A4 Qs 18|H
AE WO HHS7] 7t S7kske] 2.4 nm o] 2R w45 A7 et LSt Ak olof e Sl EHA S| avtE
ORR H1-3- A| PYCB Z1E ARSI 1] Bt =2 A RE A4 3cE T3 Pd-RWNGO Z1jjof] ORR -5 7k
5 9hgol et ko = A mof 4] WSkt EAYRI. 1000 cycle o] Bhg- 5, 271 A1 721 140 % ol sidsh=
PY/CB=95 % 9] gk= 7HAHE olof 2t 7-d = Eelgilon Amd 4] A|2dlof thaghelubs S =

:

Rl

A
E
&
re
l
)
_>i
s
I
)
E,

I hvd hva = = 1 SLO o
o, A4y, Hlg, A2k dnks-

y



20219 SIEMRSHs| EAStalE

P-186

Quasi-2D halide perovskites based Resistive random-access memory devices for
ON/OFF ratio and long-term stability

Hyojung Kim, Ho won Jang *

Department of Materials science and Engineering, Seoul National University, Seoul, Korea, 08826
(hwjang@snu.ac.kr")

Resistive random-access memory (ReRAM) devices based on halide perovskites have recently emerged as a new class
of data storage devices, where the switching materials used in these devices have attracted extensive attention in recent
years. Thus far, three-dimensional (3D) halide perovskites have been the most investigated materials for resistive
switching memory devices. However, 3D-based memory devices display ON/OFF ratios comparable to those of oxide or
chalcogenide ReRAM devices. In addition, perovskite materials are susceptible to exposure to air. Herein, we compare the
resistive switching characteristics of ReRAM devices based on a quasi-two-dimensional (2D) halide perovskite,
PEA2Cs3Pb4113, to those based on 3D CsPbI3. Astonishingly, the ON/OFF ratio of the PEA2Cs3Pb4113-based memory
devices (109) is three orders of magnitude higher than that of the CsPbI3 device, which is attributed to a decrease in the
high-resistance state (HRS) current of the former. This device also retained a high ON/OFF current ratio for 2 weeks under
ambient conditions, whereas the CsPbI3 device degraded rapidly and showed unreliable memory properties after 5 days.
These results strongly suggest that quasi-2D halide perovskites have potential in resistive switching memory based on their

desirable ON/OFF ratio and long-term stability.

Keywords: Resistive random-access memory devices, quasi-2D halide perovskites, ON/OFF ratio, long-term stability
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