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1.3 VBLOWZERNZA (Research Targets of VBL)
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2. VBLOEE - [LEEE
(VBL Educational Events and Publicity Works)
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21 VBL 2R L (VBL Symposium)
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2.2 VBL 24— (VBL Seminars)
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ERR27TE5 8288 (K) 10 B 30 ~12 B 00 4
VBL R > F ¥ —7k—JL (VBL 3 [&)

Some open questions: Fe-pnictide superconductors
Dr. Vadim Grinenko (VBL B ##%uZ, IFW Dresden)

Since of the discovery of superconductivity in iron pnictides with the Tc above 50 K in 2008 a lot of efforts

were applied to understand physical properties of these compounds. However, there are still a lot of open

questions. In this talk I will touch some of them.

1y

2)

3)

It is believed that the most of the compounds at least around optimal doping have s+ - superconducting
pairing symmetry mediated by spin fluctuations (SF). However, with the doping, pressure or disorder
the transition to other pairing states such as d- wave or s++ is possible. Therefore, the question is if the
change of the pairing symmetry is observed in experiment?

To make the change of the symmetry possible other pairing channels different from the SF with the
nesting vector Q = (m; m) should have similar energy. In particular, the orbital fluctuations can be
responsible for the s++ wave superconductivity and lead to the nematic transition above the
antiferromagnetic one driven by the SF. Therefore, the second question is if these two phase transitions
have a different origin?

The presence of the distinct phase transitions can lead to two quantum critical points (QCP) beneath the
superconducting dome. The third question is what is the effect of the QCPs on superconducting

properties?

BRfE R

Rk 2745 4 7 H XY Vadim Grinenko & 1= (Leibniz Institute for Solid State and Materials
Research Dresden) 73, VBLIZ 6 A 5 H ' T#lifE L7-. HIH, [ETELIX TR0 R A B L5
K oA WTEE & LFETFE 1T O &I, PRk 2745 H 28 B (OK) 10 If 30 23725 12 ¢ 00 73 £ T
VBL RV F ¥ —FR—L T I F—%2{To7-.
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J—"C Grinenko f#1:/%, [Some open questions: Fe-pnictide superconductors| &5 %A
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5T BEERFEVBLARE - £+ —F

T8 H :Precision Synthesis of Polymers: fromMicrostructures to Topologies
60 : Prof. Zhengbiao Zhang (VBLEEXZ. M KXZE. %)

HE

Natural polymers generated by sophisticatedly biological mechanisms, such as DNA, proteins and peptides,
are known to possess precisely controlled structures, enabling these polymers with accurate and unique
functions. The precision synthesis of macromolecules with tailor-made microstructures and topologies is one of

the ultimate goals for polymer chemists, despite highly challenging. Here, I share some of our recent attempts
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on this issue. Firstly, the hydrogen bonding interaction was used in controlled radical polymerization for enabling
advance control over molecular weights, tacticity and monomer sequence. Then, the chain ends of the
well-defined polymer from controlled radical polymerization can be effectively modified to “clickable” terminals.
Finally, using these macromolecules with “clickable” chain ends as building blocks, diverse macromolecules with
well-defined architectures can be constructed, including tadpole-, spiro-, fused-dicyclic tadpole, cyclic-brush

shaped, nano-diamond-ring-like and so on.
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Precision Synthesis of Polymers:
from Microstructures to Topologies
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FRE 27 RS 3 @ VBL £3F—

BE : FR275E108268 (B) 1585005 ~ 16853097

HAT  BEEBERKFEVBLIBAR VF vy—HK—IL

#8H : Switching of Aqueous Self-Assembly of Aromatic Amphiphiles
ZEEM : Prof. Myongsoo Lee (Jilin University, VBLE BE£4i%)

HE

Despite recent advances in synthetic nanometer-scale self-assembly, conferral of dynamic response
characteristics to the structures remains a challenge. I will present self-assembled nanostructures that undergo a
reversible switching between stable two states. For example, aromatic rod building blocks self-assemble into
dynamic nanofibers that undergo reversible switching between active and inactive states for living cells.
Self-assembled hexameric macrocycles spontaneously stack to form squeezable tubules with chiral switching to
regulate guest interactions. In the case of covalent aromatic macrocycles, the tubules are able to undergo
open-closed switching driven by thermal signal. The tubular walls function as semipermeable membrane to
capture larger molecules in the closed state. As a result, the pore-switching mediates a water pumping action for
the dehydrative reaction in water such as cyclization of adenosine monophosphate and imine formation reaction.

Several other examples with switching behavior will be discussed with their pplication potentials.
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BB : Structural and magnetic investigation of ironoxide epitaxial films
on GaN (0001) - laser MBE growth, 3D diffraction studies and stabilization
of a rare &€ -Fe203 polymorph
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2.3 VBLEEZ (VBL Lectures and Experiments)
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Effects of ion irradiation on film structures and electronic properties of amorphous
carbon films grown by plasma-enhanced chemical vapor deposition system
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Development of carbon nanomaterials and their device applications
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Oxygen etching of graphene buffer layer on 6H-SiC(0001) surface
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Three—Dimensional Nanowire Devices for Ultrafast Analysis of Biomolecules
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Search for novel optical and electronic responses
in organic electronic materials
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Studies on helicity control of polymers and supramolecules and their functions
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Studies on structure control and functions of macromolecules
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Pressure stability evaluation of the structure of hen egg white lysozyme ~>F—-
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Circadian pacemaker of cyanobacteria by clock protein KaiC
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Molecular Dynamics Calculation of Polymer
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Analysis of electronic state of V-based hydrogen permeable alloys
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Table 1 FHHfE R

Energy / eV

AE™ AEP AESTP

Supercell

VigHs -3.53 -3.81 -0.28

VisFeiHs -2.81 -3.11 -0.30
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First—principles calculations of electronic structure of ferrocyanides

T 2R ~T VT VB T 2RI
M2 EREHTEBE) BEHEMD FAEANMEERR) B LIRERR)

Ji - 77 %8 B AT 00 BE A 1 RR RO W AR AR O FR AL ERIE FR T D R LSO B P BE TR
(HLLW) ZZRICHREWET 57000 7 AELEHINOBRENERNTNWD, L2LRNRD,
ZOFavRAICBWT, A4ET#E (Pd, Ru, Rh) N7 o v 7 2B LY 7 R EEERIEE 2k
ETHIER, EVTT Y (Mo) kBBt (f=e—T7=—X) 52 &T, #7 A
WOREEA., H T AERMIF TS O 72O O &7 72 EALREINIIC L 208 %E ks X OB R R —
AWM, BTZAANE —OBEHEMELEORBEEZFI R LTS, ZNDLOMEEMIRT D
i, BAO I V- TIITAEKESERBEERE (MOF) 237257217 1t®
M(ITT) ,[Fe(IT) (CN) 4], ZHH T, ZNHDOLFEO—FFREI T v XD EIT-> T\ 5,
INETI T 2ua s T AT DB A 4 ORESIRBORERENS, A 4
DOWEHEL LTIHHEHOME R -0 RNELA TS, TR biT, REWE., NERERA. B
KXOMOFE R T 5 =Ml A Ao ED0@EBRTHLEEXLLND, LOLERL, FELVWHAE
I ARHATH D, TNOOWEEEL S T LU0 0B IS 57201k, AL
THAxD7 a7 AT 2RI oW T, EIRELX EMICEBTIVLENRNH D, £ IZ,
Fe*-M*M OB MBEITERE (MICT) X, £ 70> T bW EWRELRBA T & DMBED
HIZED, ZRRICELT D720, WENRXY— ZRHT L ETRERFERND LD D5,

T T, RMFETIE., 72T AT RO AR (UV-Vis) JEEE A7 Fv
ZRPEL, FHRBEHEICLVEORTREBEER G EERN R AT VIR 21T - T2,
UV-Vis JEBSCH A7 bV aRE L, B — BN REFREETH D CASTEP 22— R & W\ T
MrzitTol, F—HEHAETIE, VNI YT MNERT Uy
NERG, L AESEEL (GGA-PBE) 12 X b AZHfHBE AT > 1§

up spin’ v ' " (@) Fe| I'l-{f:‘.\l!,,]' §
| —

YLEERLE, S5, BEARO SABEICoLTR, Av ]
RILEE LY BRI HT SRn, Ay by —avE v | E*%%P@Q
Rotationally invariant B0 I L VW LY ATz, kS DH 7 _5} .u Ti II"J '

U ¥ 7%, Monkhorst-Pack 7' U » F{ET 5X5X5 & L, FHEIE .0 k ‘Qk
HEOH Yy " 7%/ F—(L550eV & LT, HB—HHEEHET 121::)‘:::"9'" —— .lblﬂ_:l‘;_;i”

X, 2T, EEREAHENOHEBEEZHEL, T60H
WaEHAWT, BILARY hLds L OUREESR L (DOS) # 3R L 7=,
BB, ThoDE—FEHETIIZT VI T o 7L E2HW,

X 1 {ZMFe[Fe (CN) 4] (M= 72 L. K, Cs) ®D0OS%/~F, 3dE 12T
B HFNIEA L L RREE L V| BITRICE T O £ 72 3d-1,,8l1E
DHINTZ, =T 3PE TR THLFITRmA L L REL LV | 3d-¢,,
HLUEIZBIT Ddomn A B U BIEEHFRIEL IpoTc, ZHBFSDIEEH

10+
5t
0

Density of state (electron/eV)

Fe'tt,
-15kdpwn spin L s
15fup .-sprl (€} CsFe[Fe(CN), ]

I‘nr"'-r.IL

B & BT OFe? O 3d- 1, 58 & O 3L R —ERARBIRICHY 5 ,ﬂﬂ/ﬁ
5 7= 1M CTASEL S 7 & PRI 5 = £ A C& 5, 2 u-% L$%§ AYW

DILDEEEE T HHEHZONT S W-Vis AT MUCEIT SR 5 V”“ﬁ“
BRI D RS DA HEIE, S —JFEREBIC 0 B L 72D0SIZs W\ T, o s N
downspin

Fe?' D 3d- £, Ul LW OIS ATBHE D F L F BT A5 D b s ST ]
CEMMICHIRTE 5 2 LA Tz, Thbh, BTHHE - ik Encrgy (V)
FETHHIEA LY U Fe? D 3d- tzgﬂﬁ EMF DO TAIESAENE & D= 1 MFe[Fe(CN),] (M = 7¢
LR —FEEDOSHD BB B 2 L. AT AL AV B S e
BT D2 L RTED L EZ . L+ K. Cs) DIRIREEL (DOS)

64



32 FEEHHREDEE

(Activities of VBL Postdoctoral Research Associates)

65



66



XF5)13,3 BB FIFAICRANVEIVBEENLNT 4T Ty s
& L THWS BREERE T/ @5 Tkt o B %

VBL JEH SR E v ZEERG
[(BFZE BB & ]

7 e b 2RO T LT T FIEEMIL. F T AR FRF T L
ey ThEE L CERIRIE R SR L. 2 < o Ty e |0
T D, —ARAIC, ARBEIC 3513 2 Bronsted i 1 00 3 & [ ARMLIE 1 2 4544 o
GBKERERL RS, £ CHAL, L, ) Vot s (L)
RED HLENICHBEORVEREE TH D ANVEVEBIZER L, £ OEEMEE (R)-BINSA

IZRE ST WBEEE R F TE X TV LU-ET 7 F-22-V AL
R U HE(BINSA) % BT 3 0 T 5V, HRIC, 33 (TN EBHD X T LBINSAL 7% T A7 7T
U B HF T VBINSAT =0 AMEMIEZAIELL | EEARF Mannich B i, 73
-Friedel-Crafts/ v, EAIIRFT I T — /MRS EBREATH DY, —F, —#&IZx 7L
EF7FMALEHD 33 MADT) L EDHENEL, TR B NETHHRPLBERFOF R
FERTHD, LL, F7UBINSADE &1213, 2L Ry BRDIR B I Y I K897 & X4, 3,37
BHREAGNSEETH), SR TILEW LT PREIZRON T, K2 ld, RITHBOK,
BEA (L & Ch D 3,30 7OEI AR AIRE B R R RN, Bl LY I 4k *%mﬁ%gﬁﬂ&
L. BAe e R TOIRS AR, BIREE TR CBALE R DRI & R BLET, KRS

L HIAEE(H26 421 BEIC BB 2 O A IE OPLIEZ e B 720, a2 7 ) — b
B2 BT 2% T/ 33-Ar-BINSAZ G LTz, SF%(H27 FE)IE, WIFEE THM Lok~
2% TV 3,3-Ar-BINSAZ X T L E LT s> T a7 b LTHWT, AR UBEBARD
TRV FRTEE 2 157 L 72 i RBRE T 0y TR K D TR LSS OB FE 21T o 72
[RAR]

% F L 3,3-Ar-BINSAD 3 /1 72 Bransted B 14 2 7 3 IC AR S ¥ 57200, AF Lok
N-Boc7 /L X v DA INERALadfge S i *%a L72(R¥F—L1), ZORIGTIE, BBILLTAED
2 R OE-BURL O 4 AT 5 7212 . SIS Tl 5, BEIC 7 % T /172 Branstedii
(HBF4)%Hﬂb\f:}iﬁE75>F‘aﬁ%\ééh’(b\tz’»s)\ RF AL DB 2 0> T

N” {10 mol%)

0 HZ Ot-Bu e
)J\ Ar N\LO Ar2 ) ) —HBF4
_
Ar‘JLH+ 7oA T G, J\/k - HN/ o" o

product
H \I_r
1, 2-3h
t, 2-3 syn (majar) (favored) Ar1J\/kAr2

68-72% (ref. 8)

Boc HBF ,Et,0

Z¥—L1 HBF,2ALBRF LY ETILY T VOREMMEBILESERED
EERIZ, £33 T 3,37-Ar,-BINSA (Ar = 4-t-BuCgH,) Z AR & L CHWT, 713
V1 EARATF L2 OFINBRALEG UG 2 R FT LT (RE—L42), T ORER, KONFET LD
DO, Y 3 O=F o FABRPEITHMHFICK L TOT ) 2% eeTh o, —F,

67



3,3’-Ar,-BINSA (10 mol%). KOt-Bu (10 mol%). Mg(OEt), (3.3 mol%)A» & a5l U 7= filfit % F
WD EL 9%, 96% ee TILAW 3 &L LTz, BN LT, BV o AHEHEM LY
~ 7Ry AEHIMTIE, RONMTEIT TS b OO ) T A BRRMEIIR S TR o 72,

(R)-3,3"-Ar,-BINSA {10 mol%) o 0 5 Ar
Boc Mg(OEt), (3.3 mol%) § OO
N KOt-Bu (10 mol%) HN JJ\o HN J\o : SO-H
A, v 2 S P e ;
Ph~ "H MS 3A, CICH,CH,CI ph Ph Ph “pp S03H
1 2 0°C,5h syn-3 anti-3 : OO
91%, 96% ee 0% § o
cf. {R)-3,3-Aro-BINSA (10 mol%) alone: 55%, —2% ee 14% ; {Ar = 4-1-BuC.H )

AFX—LAL2 £5)3,3 -Ar, BINSAZRHWARFLUETILY 2 UOFEMMRILERRIE
WIZ ., WE OB 2T > T2 (REF—L3), TOFRER, TLV I 1 OFHFR LOBEBK
EOMESCHEBICL DT, WINOGAELEINE, @Y7 AT LA DN DR T VT F8ER
IR 3 DG DTz, LAY 3 IFMKGRRIZ L0 PRI 2 RFf L E E XSS 5085
EVET X ) T a— L A LIREERMICERTE 5720 ARAE O THRATH %,
AWFFERCRIE, SR 27 4F 11 H 0% 108 MGG LY AR T L KO 28 423 HRDOH
AT 96 BFEXETRRF TH LY, IEE L, AFETHZICAR LIZF T L
3,37-Arp-BINSA:K: Mgttt D ZE 4 72 G (A 1O RS RE DO FRFA 217 5 .
{R)-3,3-Ar,-BINSA (10 mol%a}

(0]
Mg{OEt}, (3.3 mol%)
N KO#-Bu (10 mol% s NaOH aq. NH, OH
t-Bu (10 mol%) HN 0
I e -y Lo, XL
AR H MS 3A, CICH,CH,Cl 4 A2 EtOHTHF r r
1 2 0°C,5h syn-3 85 °C 4 95%
80-98%
89-99% ee

AEX—L3 AFRFMERICOEE —BELTVICERMOERLEY~DFE
2 EB U N
1) Hatano, M.; Maki, T.; Moriyama, K.; Arinobe, M.; Ishihara, K. J. Am. Chem. Soc. 2008, 130, 16858.
2) Hatano, M.; Sugiura, Y.; Ishihara, K. Tetrahedron: Asymmetry 2010, 21, 1311.
3) Hatano, M.; Sugiura, Y.; Akakura, M.; Ishihara, K. Synlett 2011, 1247.
4) Hatano, M.; Ozaki, T.; Sugiura, Y.; Ishihara, K. Chem. Commun. 2012, 48, 4986.
5) Hatano, M.; Ozaki, T.; Nishikawa, K.; Ishihara, K. J. Org. Chem. 2013, 78, 10405.
6) REZEF, wmNEW®. BR—F TCl X—/ 2014, No. 160, 2.
7) Hatano, M.; Ishihara, K. Asian. J. Org. Chem. 2014, 3, 352.
8) Uddin, N.; Ulicki, J. S.; Foersterling, F. H.; Hossain, M. M. Tetrahedron Lett. 2011, 52, 4353.
9) WIS, WM, AT 5 108 [ REAR S VAR T T A 0-24(2015 411 A 5 H)
10) Ishihara, K.; Hatano, M.; Nishikawa, K. Pacifichem 2015, 1728(2015 4~ 12 H 18 H)
11) PEJIIZERA, BeUr, ARl —% HAMLSRT 96 HFMFE, 4H1-11(2016 £4F 3 H 27 H)
12) LA, 19, WEEY, AlR—% AR5 96 FEFS, 4H1-13(2016 4F 3 H
27 H)

68



Energy Level Analysis of Multilayered Nickel Bis (Dithiolene) Nanosheet
KARIM Nissar Mohammad
Abstract:
In this article, we an analysis on the energy level of multilayered Nickel Bis (Dithiolene) Nanosheet.
From the measured data of Cyclic Voltammetry, energy level of the highest occupied molecular

orbital (HOMO) and the energy level of the lowest unoccupied molecular orbital is estimated in this
paper.

Keywords: Nanosheet, HOMO, LUMO, Band Gap.

Since the past decade, nanosheets have become an interesting field of research. The world have
seen two Nobel Prizes on nanosheet research very recently (Nobel Prize, 2010 by Andre Geim &
Konstantin Novoselov on two dimensional materials). Nanosheets show an exceptional level of
electronic, magnetic, and optical properties and contribute to variety of important applications.
According to [1], nanosheets have potential to surpass the performance of Carbon Nano Tubes
(CNT) and fullerenes in near future, which is dependent on the development of an inexpensive
market price, large scale production and better processing methods for nanosheets. It is worth
mentioning that nanosheets are candidates for applications such as biomedicine, reinforced
composites, sensors, catalysis, energy conversion, storage devices, electronics, transparent

electrodes for displays and solar cells.

Nanosheets can be either monolayered or bi-layered or multilayered (less than 10 layers). However,
all types of nanosheet materials are gaining importance due to their unique physical and chemical
properties. As of today, Graphene is one of the most researched nanosheet materials. Its’ high
carrier mobility is one of the reasons for this [2]. Scientists are not limiting their research to
Graphene only. Rather, they have researched silicon nanosheets, metal oxides, metal hydroxides
and metal sulfides; which have resulted in excellent electrical[3][4], opticall5] and magnetic[6]
properties. Most of the nanosheets mentioned above have been synthesized via exfoliation of bulk
layered material which is also referred as a top-down method [2]. However, properties like
composition and structure are not tunable using a top-down method. Bottom-up method overcomes
this issue. Most importantly, nanosheets produced from a bottom-up approach are not limited to the
layers of bulk materials. One of the rarely explored nanosheets made from bottom-up method is o
conjugated nanosheet comprised of Nickel Bis (dithiolene). Nickel Bis (dithiolene) has been recently
developed in the Tokyo University by [2]. Figure 1 shows the atomic structure of Nickel Bis
(dithiolene) lattice.
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Figure 1. Atomic structure of Nickel Bis (dithiolene) lattice synthesized by [2]

Nickel Bis (dithiolene) is a newly invented nanosheet and the level of highest occupied molecular
orbital (HOMO), lowest unoccupied molecular orbital (LUMO) and the bandgap is not known to us.
Therefore, in this paper we will estimate the level of HOMO, LUMO and bandgap.

Previously, [7] estimated the energy band diagram of organic materials using cyclic voltammetry. In
our case, we will exploit the same method. In the case of our target nanosheet, HOMO is the energy
required to perform an oxidation process in a molecule. Similarly, LUMO is the energy required to
perform a reduction process in a molecule. In order to extract the oxidation and reduction data we

will refer to Figure 2. from [2].

40

Current / pA
o

40

-80 -
-1 -0.5 0 0.5 1
Potential / \/ vs Fet/Fe

Figure 2. Cyclic Voltammogram of Nickel Bis (dithiolene) in [2]

According to [8] LUMO and HOMO energy levels are,

E(LUMO)=-(4.4-Ered(onset))
E(HOMO)=-(4.4-Ecx(onset))

Therefore in the case of Ni Bis (Dithiolene), LUMO energy level is -4eV and HOMO energy level is
-5.1eV. Their difference gives a bandgap of 1.1eV.
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Scheme 1. Sequences of the 15-mer XNAs Parallel [ < ' : ) i/": . ]
used in this study. The single-headed arrows E :<
indicate the direction of the XNA synthesis. Figure 3. Orientation of duplexes of acyclic nucleic acids.

Antiparallel and parallel orientation
duplexes were achieved by using these three
sequences (XNA-a, b and c).
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Figure 6. Melting temperatures of hetero-duplexes with DNA and RNA.
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Figure 7. CD spectra of homo-duplexes of acyclic artificial nucleic acids.
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Insight 1l/Discover3 98.0 program package (Molecular Simulation, Inc) was used for conformational energy

minimization. The AMBERSS force field was used for the calculation.
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2z Figure 8. Energy minimized structure of L-aTNA/RNA duplex.
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Annual report

Kaddour LEKHAL

Period of research: 01/04/2015 to 30/09/2015
Research background
During the last decade, the growth of semiconducting nanowires has attracted lots of attention because of their
potential applications in areas such as photovoltaic, sensor, electronics and optoelectronics. Due to their one
dimensional character (1D) nanowires might allow overcoming different technological obstacles for efficient
light emitting diode realizations, compatible with general lighting market requirements in term of cost and
performances [1, 2].
The GaN wires and nanowires have attracted extensive interest from I11-V nitride research community for
applications in electronics and optoelectronics. The growth of GaN nanowires was demonstrated for the first
time by Calleja et al. using MBE (molecular beam epitaxy) method [3]. Synthesizing GaN nanowires using
VLS-MOVPE (metalorganic vapor phase epitaxy) method was demonstrated three years after by Kuykendell et
al. [4]. Today's GaN nanowires are still synthesized by MBE and MOVPE and in the world there are only a few

groups working on the HVPE (hydride vapor phase epitaxy) method for growing nitrides 111-V semiconductors

Ga(In)N nanowires (see Fig. 1).
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Figure 1. The research groups which develop the growth of nanowires by HVPE process, including Nagoya University.

Research methodology

HVPE is the least polluting and cheapest VPE process. This growth method exploits a near-equilibrium
condensation process which relies on element Il (GaCl) chloride molecules as growth precursors. A rapid
decomposition of GaCl leads to immediate increase or decrease of the supersaturation of the vapor phase and
favor the axial growth (i.e. no competition between radial and axial growth) leading to unique HVPE ultra-long
and high crystalline quality nanowires in short growth times [5, 6].

Developed in the early 60's for the growth of the first 111-V epilayers, HVPE was essentially abandoned when
low dimensional heterostructures became prominent. Renewed interest in HVPE has emerged recently with the
synthesis of GaN free standing templates which can be performed at a high growth rate of 100 um/hr and his
capability to grow ultra-long GaN and GaAs nanowies with high optical and structural quality [7].

The most common growth techniques of GaN nanowires are MBE, MOVPE and CVD (chemical vapor
deposition). Only few investigations reported the growth of GaN nanowires by HVPE.

GaN nanowires are generally obtained through two ways (Fig. 2) : a catalyst-assisted (VLS and VSS growth) or

a catalyst-free approach. These two solutions proposed by Il1-V semiconductors community have been
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implemented during my postdoc as VBL fellowship for growing GaN nanowires using HVPE technique.

N A
r Solution 1 A - Solution 2 R
Spontaneous NWs growth Selective area growth

Sapphire substrate Silicon substrate Silicon substrate

Figure 2. Shows various approaches to synthesis GaN nanowires.

The growth of GaN nanowires synthesized by VLS method is mainly governed by the atoms comes from either
the substrate or the sidewalls by diffusion and then incorporate to the liquid droplet. The diffusion-induced
mechanism leads to the growth of nanowires of short length (<10 pm) and tapered morphology with a high
density of the stacking faults (see Fig. 3). One should promote untapered morphologies for laser applications
where uniform diameters are expected to enhance the nanowire performance as a resonant cavity. The GaN
nanowires synthesized by VLS-MBE, VLS-MOVPE and VLS-HVPE often reported high density of stacking
faults and broadening in the photoluminescence spectra. Further
addition, the VLS method often produced non-oriented or
wildfire-ravaged forest of nanowires. The well-oriented GaN
nanowires with high aspect ratio and high optical and structural

qualities still difficult to achieve. For these reasons, the growth of

the GaN nanowires via VLS method has been partially abandoned
by the nitrides community. The second approach, catalyst-free  Figure 3. Tapered morphology of
method, has attracted more attention for his capability GaN  nanowires  grown by

to produce well-aligned GaN nanowires on different substrates. VLS-MOCVD indicated the presence

The growth is also governed by the atoms comes from either the  of defects.

substrate or the sidewalls by diffusion and then incorporate on the

top of the nanowire. By MBE the nanowires are no longer (<5 um) strain-free, single crystal and exhibit a good
optical properties. For MOCVD catalyst-free process, the vertical growth rate of undoped wires is limited and
adding the SiH, flow during the growth is necessary to strongly enhance the axial growth. However, the intensity
of the photoluminescence spectra decreases while the full with at half-maximum (FWHM) increases which is

explained by a reduce crystal quality of the wires under SiH, flow.

6. Research implementation and results

During my Postdoc in the Professor Amano's laboratory, the growth of ultra-long and defect-free GaN nanowires
have demonstrated either by VLS-HVPE and selective area growth SAG-HVPE. In this work, we show that in
contrast to other growth methods, the VLS-HVPE leads to synthesis uniform nanowires without stacking faults
and with high optical quality. This particular feature is due to the use of chloride molecules as element Il
precursors. We also demonstrated for the first time in the world the controlled morphology of GaN wires and
nanowires with SAG-HVPE
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VLS growth of GaN nanowires:

In VLS growth, a liquid catalyst droplet serves as a preferential site for absorption and decomposition of
gas-phase reactant, resulting in supersaturated catalyst droplet. Therefore the atoms precipitate out the
supersaturated liquid catalyst droplet at the liquid-surface interface where it crystallized to initiate the nanowires
growth.

Catalyzed GaN nanowires were grown on sapphire ¢, r and m-plane in a horizontal home-built HVPE reactor at
atmospheric pressure. In a first upward zone, GaCl vapor species are formed by reacting gaseous HCI with liquid
gallium at 780 °C. The nitrogen source was ammonia (NHs), used as the group V flow, is directly introduced into
the deposition zone. A mixed Ny/H, was used as carrier gas. For VLS-HVPE growth, the surface of the
substrates are coated with a thin layers of Ni , Au or Au/Ni catalysts by electron-beam evaporation that act as a
catalyst for the VLS growth of GaN nanowires.

The figure 4 (a-c) shows the SEM images of GaN nanowires grown on preannealed Au/Ni bimetallic
catalyst-covered sapphire ¢, r and m-plane substrates after 30 min of growth. At high V/I1I ratio the perturbated
surface substrate were observed and the thickness of the rough underlying layer was of 15 pm, corresponding to

a growth rate of 30 um/hr. By using low V/I1I ratio high density of GaN nanowires were obtained (see Fig. 4).

Figure 4. SEM image of GaN nanowires grown at 1020 °C by Au/Ni-assisted HVPE on (a) sapphire c-plane, (b) sapphire

r-plane and (c) sapphire m-plane.

The nanowires exhibit exceptional length, from 10 to more than 100 um for a mean diameter of 20-100 nm, and
their density is 10® cm™? The axial growth rate is greater than 300 um/hr for the longest nanowires. The
interesting feature is the perfect untapered morphology from bottom to top: nanowires are rodlike and wurtzite
(WZ) monocrystalline phase objects (see Fig. 5). These results are very important for 111-V nitride community,
where the GaN nanowires grown by VLS-MBE and VLS-MOVPE are tapered and show the presence of high
density of stacking faults.

The GaN nanowires grown by VLS-HVPE show the highest aspect ratio until 1500 which makes them very
promising for sensors or biosensors applications in the future.

Replacing the Au and Ni catalyst by a bimetallic catalyst Au/Ni leads to an increase the growth rate of GaN
nanowires through the lowering the melting point. In fact, the AuNi alloy have a eutectic melting point 255 °C
lower than NiGa eutectic melting point.

The synthesis of ultra-long nanowires in a short growth time (30 min) could be explained by the physics of
growth of HVPE. At the growth temperature between 950-1020 °C, there is no doubt that the AuNi droplets
should be liquid. The mechanism responsible for the growth of ultra-long GaN nanowires catalyzed by Au/Ni in
HVPE environment at high temperature is vapor-liquid-solid (VLS). In HVPE, we can expect a continue and
rapid incorporation of Ga atoms into the AuNi liquid droplet. This is favored by the high dechlorination

frequency of the GaCl molecules which are quickly decomposed, probably as soon as they adsorb on the surface
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of the catalyst droplet, where a fast solidification (up to 100 pm/hr) could occur. The untapered morphology of
GaN nanowires grown by VLS-HVPE with length of tens microns excludes any surface diffusion of atoms from
the surface of the substrate along the nanowires sidewalls.

100 nm
—

Figure 5. TEM image of one single GaN nanowires 50 ¢m long, with constant diameter of 55 nm.

The room temperature photoluminescence spectrum on an ensemble of GaN nanowires grown by VLS-HVPE,
reported in Fig. 6, exhibits only a single peak around the GaN band edge.

The ultra-long GaN nanowires grown by VLS-HVPE presents a high crystalline quality corresponding to a better
optical properties with a stronger near band edge emission and the absence of the yellow emission peak. The
time-resolved photoluminescence and internal quantum efficiency measurements conducted by Professor
Yamada at Yamaguchi University, shown that at high density excitation of 17 pJ/cm? the ultra-long GaN

nanowires exhibits relatively high internal quantum efficiency of 50% at room temperature.

A 0.17 [pd/em’] B 0.17 [pJ/em?] ¢ 0.17 [pd/em’]
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Figure 6. Temperature-dependence PL of GaN nanowires grown by Au/Ni-assisted HVPE excited at 0.17 zJ/cm? (a) on
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The large scale high-precision incorporation of as-grown out-of-plane (aligned) nanowires into
nanodevices remains challenging, which nowadays slow down the advance of the fabrication of electronic
devices such as integrated circuit based on the nanowires. Many postgrowth alignment methods have been
developed to align the as-grown vertical semiconductors nanowires in-plane with the substrates, but none of
them have the precise nanowire positioning capability required for making large-scale integrated circuit. For that
we have proposed in this work a new method to synthesis horizontal GaN nanowires in one step growth. In this
project, the horizontal growth was achieved by controlling the composition ratio of Au/Ni catalyst droplet. The
nanowires were grown on different planes of sapphire substrate (see Fig. 7a).

The Fig. 7c shows the SEM images of GaN nanowires grown with different catalyst composition. From here, we
can see that the catalyst composition was the most important factor in controlling the orientation of the
nanowires. The nanowires were grown perpendicularly on the surface with pure gold catalyst (Fig. 7c (i)). By
adding the nickel in the gold catalyst, i.e. gold-rich condition, the nanowires still grow out-of plane and normal
on the surface (Fig. 7c (ii and iii)). With 50% gold and 50% nickel, the nanowires were tilted from the normal
direction (Fig. 7c (iv)). At nickel-rich condition, the nanowires still grow out-of plane and tilted from the normal
direction (Fig. 7c (v and vi)). Surprisingly, with high nickel composition and pure nickel, the out-of plane

nanowires were almost suppressed and still the place to only horizontal nanowires (Fig. 7¢ (vii and viii)).

(a)

1013 A AuNi ¢ 1 IR 2L R AN S

Mo A Auimi’ <

Ni(100%)

(d)

85



Figure 7. (a) Sapphire crystal planes. (b) Three possible orientations of grown GaN nanowires by VLS-HVPE.
(c) SEM images of nanowires grown as a function of the catalyst concentration. (d) SEM image of horizontal

GaN nanowires grown on patterned sapphire c-plane substrate.

The growth of horizontal nanowires is very desired which could overcome the issues related to postgrowth
assembly by combing the growth of the nanowires and the assembly of the nanowires after the growth. The
important advantages of these horizontal nanowires that we can easily integrated them in devices such as light
emitting diodes, field effect transistors, gas captors, biosensors and photodetectors.

Cross-sectional TEM analysis shows that the horizontal nanowires are free of stacking faults (see Fig. 8a). The
cathodoluminescence analysis reveals the good optical quality of the horizontal GaN nanowires similar to those
grown vertically (see Fig. 8c). This indicated that the interaction of the GaN nanowires with sapphire substrate

does not affects the structural properties, in contrast to 2D layer growth.
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Figure 8. (a) Cross-sectional HR-TEM image of horizontal GaN nanowire without staking faults. (b) FTT of a

cross-sectional TEM image. (c) Optical characterization of inclined, horizontal and vertical GaN nanowires grown on

sapphire substrate obtained with different catalyst composition .
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The electrical properties can be also affected by the defects. We characterized the electric properties of the
horizontal nanowires by building single-nanowires field-effect transistors with top gate (see Fig. 9 a and b).
Source and drain were defined by photolithography flowed by electron beam evaporation of Ti/Al/Ti/Au
(30/100/30/100 nm) and electrical transport measurement were made at room temperature. The top-gate was also
designed by photolithography, then a thin layer of silicon oxide (50 nm) is first deposited on horizontal GaN
nanowires using sputtering, followed by electron beam evaporation of Ni/Au (50/100 nm) as gate electrode. Fig.
9c shows a set typical current vs source-drain voltage (Is3-Vsg) data obtained from a single-nanowires field-effect
transistor at different gate voltage (V,). At a positive gate bias, the Iy increase markedly, which shows that the
horizontal GaN nanowires are n-type with mobility p = 40 to 220 cm® V* s™ and electron density n, = 1 x 10*® to
1 x 10™ cm™. Based on the studied reported previously on bulk GaN [10], we can attribute the n-type behavior in

nominally undoped GaN to the nitrogen vacancies and/or oxygen impurities which can come from the quartz

reactor.
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Figure 9. (a) Schematic showing horizontal single-nanowires field-effect transistor. (b) SEM image of horizontal

GaN nanowires field-effect transistor. (c) Gate-dependence I-Vg data and (d) |-V, recorded for values of Vg =
0.2-1V.

SAG growth of GaN nanowires:

In the state of the art, significant efforts have already been devoted to control the growth of GaN nanowires in
terms of size, position and density by selective-area-growth (SAG) using MOVPE and MBE methods. To the
best of our knowledge, no study was published until now on the growth of GaN wires and nanowires by
SAG-HVPE approach. This motivates us to use HVPE process in order to synthesis GaN wires and nanowires.
In addition, the growth of GaN wires and nanowires on silicon substrate remains difficult by MOCVD method.

In the SAG approach, nanoimprint lithography and optical lithography were used to grow GaN wires and
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nanowires by HVPE. The benefit of Ga(In)N wires synthesized by optical lithography, in comparison to
nanowires obtained by nanoimprint for LED applications, in a cheap and fast optical lithography step.

GaN crystals were synthesized in a horizontal home-built HVPE reactor at atmospheric pressure. The SAG of
c-oriented GaN nanowires were performed on GaN/sapphire template, GaN/AIN/Si(111) and AIN/Si(111)
substrates. The process for the patterning obtained by nanoimprint lithography is as below:

(1) A 35 nm-thick SiO, dielectric mask is deposited by DC sputtering at room temperature.

(2) A 200 nm-thick resist is spread and soft-backed at 140 °C for 15 minutes. The imprint process is done at
140°C using a contact force in Scivax X500 nanoimprint equipment.

(3) The resist and SiO, are etched by using CF,4 plasma (for 4 minutes) followed by lifting-off in acetone.

The Fig. 11 shows the AFM image of the surface-patterned AIN/Si(111) after nanoimprint. The diameter is 230
nm and the depth of the hole is 40 nm.

",'0..,\&*'.
ﬁ"" ._’q

Figure 11. Typical AFM image of the
patterned SiO2 mask: array of 230 nm.

Same in the case of the catalyst-assisted growth, the SAG-HVPE of GaN nanowires is performed with a low
NH; flow which is about 10 times less than 2D layer growth. As shown in Fig. 12a, high densities of c-plane
oriented GaN nanowires are obtained at 950 °C. The average diameter of the GaN nanowires is about 210 nm
that means there is no lateral growth. In the case of SAG-MOCVD, it was reported that the growth under low
NH; flow growth induce the incorporation of more oxygen and carbon impurity. This could lead to the presence
of relatively strong yellow emission and nonradiative recombination centers in the materials and quench the
emission intensity. The room temperature photoluminescence spectrum on an ensemble of GaN nanowires
grown by SAG-HVPE, reported in Fig. 12d, exhibits only a single peak around the GaN band edge in the range
of 300 - 650 nm. The yellow emission in GaN is not observed here, indicating the high optical quality of GaN

nanowires and the potential of the HVPE process for controlled shaping of matter on the nanoscale.
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Figure 12. SEM image of selectively grown 3D GaN structures with different hole diameters. (a) d= 230 nm, (b)
d= 460 nm, and (c) d= 1 um. (e) Low-magnification cross-section TEM image of GaN nanowires grown by
SAG-HVPE. (f) Experimental CBED patterns of the points marked in red color. As a reference, the simulated
CBED pattern is given in (g). CBED patterns show Ga- polarity of GaN nanowires grown by SAG-HVPE.

By increasing the hole size "d" and pitch "p" to d = 460 nm/p = 960 nm and 1 um/p = 1 um, we could grow GaN
structures with almost same height (Fig. 12 b and c). Here, the change of the hole size and the pitch does not play
an important role in SAG-HVPE and this is valuable for GaN/sapphire template and GaN/AIN/Si (111)

substrates used for the growth of GaN wires and nanowires.
The nanowires with the diameter of 230 nm and 460 nm have a flat surface and surrounded by m-plane facet.

Convergent beam electron diffraction indicated that the GaN nanowires grown by SAG-HVPE are Ga-polar.

The GaN wires shows the presence of pyramidal shapes on the top, were attributed to the metal polarity of the
GaN layer. Chen et al. [11] showed that the polarity plays a key role in obtaining c-oriented GaN structures: a
Ga-polar layer results in pyramidal structures, whereas a N-polar layer induces rodlike structures. In this study,
we used a conventional Ga-polar GaN layer on sapphire and on AIN/Si(111) substrates. Hence, the pyramidal

features may have been induced by the mother layer despite the use of HVPE.

Figure 13b illustrates the atomic structure of GaN with a Ga-polar surface, revealing that the {]iOZ} surface is

terminated with N atoms. During the growth by HVPE, the H, atoms upstream of the substrate originated from

the carrier gas and the decomposition of NHs;. We consider that the {]iOZ} planes are passivated with N-H

bonds, which leads to stable {]iOZ} planes and reduces the growth rate on these planes. Also according to

kinetic Wulff growth theory, the equilibrium shapes of grown structures are determined by the growth rates in

different directions. This concept can also be applied to HVPE since the grown structures feature 3D equilibrium
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shapes. The kinetic Wulff plot based on the growth rates in different directions is shown in Fig. 13c The cusp in

the []i02] direction is deeper than those in the [0001] and [10i0] directions, which leads to the dominance of

pyramidal shapes. However, the emergence of the m-plane may have occurred owing to suppressed growth along

the [10i0] direction compared with that along the [0001] direction. The crystal orientations of the wires were

also obtained from the pole figures acquired by electron backscatter diffraction (EBSD), as shown in Fig. 13d.

The grown structures were highly aligned in the <0001> direction and were surrounded by well-aligned

sixfold-symmetric features such as {]iOO} and {]iOZ} planes. Note that the EBSD measurement was

performed for arrays of GaN wires and indicated a high in-plane preferential orientation over the whole of each

o~

(d) {0001} Yo {1010}

’x'

Figure 4. (a) Tilted SEM image of GaN microrod. (b) Schematic drawing of GaN atomic structure with top

structure.

[0001]

(a) (c)

(1102}

Ga-polar surface. (c) Kinetic Wulff's plot of grown Ga-polar GaN microrod. (d) Pole figures of EBSD with

{0001}, {1100}, and {1102}.

TEM and HR-TEM measurements were performed on grown GaN wires to reveal their structural properties. In
Fig. 14a we can observe three threading dislocations in the GaN template (circled in orange). The first
dislocation is stopped by the SiO, layer, whereas the second and third dislocations are stopped at the interface at
the starting point of wire growth. Interestingly, despite the large diameter of the GaN wires (> 1 pm), the
dislocations do not penetrate into the wire. The blocking of the threading dislocations at the interface might be
related to the compressive strain induced in GaN by the SiO, mask owing to their different thermal expansion
coefficients. Stacking faults were observed at the bottom of the wire (Fig. 14d). Lateral strain relaxation during

the growth of the GaN microrod may have led to the formation of the stacking faults.
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Figure 14. (a) Low-magnification cross-section TEM image of GaN wire grown by SAG-HVPE, showing that
the threading dislocation are stopped at the starting point of microrod growth. (b) Low-magnification
cross-section TEM image taken on the upper part showing that the GaN wire is free from the threading
dislocations. (c) Selective area electron pattern from the same wire. (d) Cross-sectional HR-TEM image of the
wire-substrate interface. (¢) CL spectrum of GaN wire taken from the top view. The insets show SEM image (left)

and monochromatic CL emission image at 367 nm (right), respectively.

The optical properties of GaN wires were characterized by low-temperature (5.5 K) CL using a 5 kV
acceleration voltage, as shown in Fig. 14. We observed near-band emission (NBE) at 3.49 eV with a full width at
half maximum (FWHM) of 23 meV. It is noteworthy that an intense and narrow peak of NBE and no yellow
emission, i.e., well-known defect-induced yellow luminescence, were observed, indicating the high crystal
quality of the 3D GaN wires. The CL results also indicated a slight blue-shift of the NBE from common NBE
emission of 3.47 eV at 5 K. This shift of the NBE in the GaN wires is attributed to the compressive strain exerted
by the mother template. Another peak observed at 3.42 eV is attributed to the exciton emission trapped by
stacking faults (SFX). Hence, the LT-CL spectra properly reflect the microstructural properties of GaN wires, as

evident from the TEM results in Fig. 5.

We demonstrated that the high homogeneity selectivity can be achieved only on one-step growth at high
temperature growth combined with low V/III ratio. The GaN wires and nanowires grow on GaN/sapphire
template and GaN/AIN/Si(111) gives better optical and structural properties with the absence of yellow band
emission. The Fig. 15 show the final morphology of grown GaN structures synthesized by SAG-HVPE in this

work.
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Figure 15. The diagram shows the final morphology growth of GaN wires and nanowires by SAG-HVPE.

Conclusion
In conclusion, we have demonstrated the feasibility of catalyst-assisted VLS growth in a HVPE environment.

Ultra-long, vertical and horizontal GaN nanowires were grown by bimetallic catalyst Au/Ni with a constant
diameter over tens micrometers long, exhibiting the highest aspect ratio ever observed for VLS-MOCVD and
VLS-MBE methods. We have also demonstrated the control of the orientation growth of GaN nanowires by
engineering the catalyst composition. The achievement of ultra long and uniform horizontal GaN nanowires by
VLS-HVPE may pave the way to new applications such as field-effect transistors demonstrated in this work.

High densities of c-plane oriented GaN were synthesized by selective area growth at micrometer and
sub-micrometer scale on GaN/sapphire template and Si(111) substrates. This study allows to consider the
prospects of applications related to GaN wires and nanowires synthesized by SAG-HVPE in optoelectronic and
electronic devices. Finally, In the context of Nanoscience, the fast growth HVPE method deserves a wider
audience and thus could be considered as an effective complementary tool to MOVPE and MBE processes for

the controlled shaping of matter on the nanoscale.
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One grate month in Nagoya University
From May 6 to June 5, 2015

Dr. Vadim Grinenko

Leibniz Institute for Solid State and Materials Research Dresden (IFW-Dresden),
Dresden, 01069, Germany

First of all, I would like to acknowledge the management of Venture Business
Laboratory, Nagoya University for giving me the opportunity to spend one exciting
month of my life at amazing Nagoya University for the purpose of conducting research
on ‘superconducting thin film growth by molecular beam epitaxy (MBE)’ in collaboration
with Professor Hiroshi lkuta, and associate professor Kazumasa lida, assistant
professor Takafumi Hatano of the Graduate School of Engineering. | knowledge them
for their smooth arrangement to come to Nagoya University as a Foreign Visiting
Research Fellow, for warm reception, productive working days, and interesting leisure
time. This visit is a continuation of our fruitful collaboration which have begun several

years ago.

This was my fourth and longest visit to Japan. Before | had an opportunity to come only
for conferences which were held in Tokyo. Thus, before | had seen only Tokyo as a
tourist. However, this time | can deep to a Japanese life and get a better understanding
of Japanese people and culture. Here, | would like to admit that one month is definitely
insufficient to get deep knowledge of the culture since it is very rich and complex; for
that one needs to spend the whole life in Japan. Therefore, correctly speaking | had an

introduction to Japan culture and community of Nagoya University.

The scientific goal of my visit was to get introduction to MBE technique and prepare
samples for future investigations. There are several kind of samples which we planned
to prepare. 1. Superconducting thin films of BaFe,(As,P), with low P doping level which
are in the coexistence state between superconductivity and antiferromagnetic spin
density wave phase. 2. Superconducting thin films of BaFe,(As,P), with various doping

levels on bicrystal substrates. 3. Multilayers of conventional superconductor with s-
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wave symmetry of the order parameter such as Nb and unconventional BaFe;(As,P)-
presumably with st - wave superconducting order parameter. The obtained samples are
going to be investigated using various experimental techniques such as transport
measurements in high magnetic fields, nuclear magnetic resonance, and muon spin
rotation measurements. These measurements are going to be performed in US and

Europe but with a strong collaboration with Nagoya University.

The photo was taken during the seminar at Nagoya University

During my stay | had an opportunity to give a seminar ‘Some open questions: Fe-
pnictides superconductors’. The seminar was mainly devoted to works, which have
been done in close collaboration with Nagoya University. Additionally, we had a lot of
chances to discuss the scientific results together with Prof. Hiroshi Ikuta, associate
professor Kazumasa lida, assistant professor Takafumi Hatano and other members of
the laboratory including students Ibuki Nakamura, Ryosuke Fujimoto. The students
were especially helpful in performing the experiments and teaching me the basic of
MBE techniques. As a result of our discussion and experimental work done in Nagoya,
the paper on high magnetic field properties of BaFe,(As,P). thin films will be prepared

within several months.
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VBL Visiting Research Fellow
Zhengbiao Zhang

Soochow University, China

Nagoya University has very strong background on polymer science; the same is
Professor Masami Kamigaito’s group on polymer chemistry. It is my great honor to
have the opportunity to do research in Professor Kamigaito’s group as a Venture
Business Laboratory (VBL) visiting research fellow from June 25 to August 6. Under
the help and guidance of Professor Kamigaito and other group members, some
research experiments have been implemented. At the same time, I have discussed with
some polymer science-related professors of Department of Applied Chemistry,
Graduate School of Engineering in Nagoya University. All these academic activities
renewed the relationships and offered potential collaborations in the future.

Precision control over the microstructure of polymer is one of the ultimate goals
for polymer chemists. The controlled radical polymerization (CRP) technique is a
powerful and robust platform for the synthesis of well-defined molecular weight and
architectures. However, the control over the microstructure, such as tacticity and
monomer unit sequence cannot be realized by a typical CRP. It has been reported that
hydrogen bonding interaction between solvent and monomer can impose significant
effects on the behavior of controlled radical polymerization. Therefore, some fine
tunes on molecular weight, tacticity and monomer unit sequence could be realized to
some degree. My motivation of this research project is the controlled synthesis of
well-defined poly(N-vinyl caprolactam) by CRP in the presence of hydrogen bonding
interaction. Prior to the start of the project, I was trained to grasp the operation skills
for the well-developed Ru-mediated CRP. Good results were obtained. Firstly,
N-vinyl caprolactam (NVCL) were recrystallized from benzene and the purity was
guaranteed by nuclear magnetic resonance. Then, common radical polymerization of
N-vinyl caprolactam (NVCL) initiated by azobisisobutyronitrile (AIBN) were
conducted in the presence of the hydrogen bonding donor solvent, trifluoroethanol

(TFE). For a comparison purpose, the polymerizations under identical conditions were
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conducted in the presence of toluene, a non-hydrogen bonding solvent. The results
indicated that the polymerization rate in TFE is higher than those in toluene. 'H NMR
spectra of the mixture of NVCL and TFE denoted a slight change of the chemical
shifts of the protons of vinyl double bonds. The influence of the hydrogen bonding on
the activity of NVCL may be responsible for the higher polymerization rate. Due to

the limited time, the further investigation on this project could be continued.

VBL Seminar on July 2. 2015

Besides, some valuable discussions were made with Professors in Department of
Applied Chemistry, Graduate School of Engineering in Nagoya University, including
Professor Kamigaito, Dr. Satoh, Dr. Takano, Professor Seki, Professor Yashima. I
enjoyed all these academic activities and benefited much. In Nagoya University and
Professor Kamigaito’s group, all the professors and graduate students are very nice.
Impressively, they are working hard and seriously. I and our students in Soochow
University must learn their rigorous and professional ethics towards academic

research.
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:Fabrication of micro-sized structure for the separation of miniscule particles

AR :F-15-NU-0004
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Affiliation (English) :Graduate School of Engineering, Nagoya University

1. B2 (Summary)

TR ) B R Ko TR 1 BEA B EL D A XK
~OBET D~ AT aIRT NAADERO %12, 4 &
REHHISE=R D Deep Si Etcher ZFH LI, S U=
MR N~ AT RANT VAN E T D~ A7 aF v b
it (AN aNRON ¢ AN S /N RSNt Q4 N OPAN 7 & TA
Ty BEAER LT, ZHVETIZ 7.0 pm, 4.0 um, 2.5 pm
ZEMEETD 3 SOy BEEFEIEL TD,

2. Bk (Experimental)
(PR U7z EredsiE ]

Deep Si Etcher
[2B515]

U B RIERER AT L7 @O ML AR BT~ A
JURANT VAN T HF ¥ RNV D/NF—=0 7 54T
), Deep Si Etcher (27T 20 um OES|IRHEH Ty F
YT EAT O, TDRBERNILENNTT 72 AR —
NEBAT ML L7 U= i tlkie SD2 19 2% 300°C, 3
V &IOS 3 AL TT v RV OE AT o712,
77 BAR— /I PEEK Fa—7 20 51F, SN E D
R ATV, A Ly b~ O &, HDOWVITES
ZEINTAZETH T VDB AEITT,

3. fifi &L # %% (Results and Discussion)

BIfE 7.0 pm OEET L AITEALZZ 10 pm & 6 um B
—ADHEREEZ Fig. 1 (R T, BARERIDEL K&
B RIIR AN ZE L2 3T W IRANR SIS
DITH L, /NERE =R IR ARD 2T 0T LI
Tz, ARSI AE R L > TENE N R D% B
STWDIENT DD RITT TRy MEFF O 2
Fig. 2 \TRT, AT FRIERRIZL > T, BICHEBRS
e —REEETHE =X TIIBIET L7V b3
725> TUND,
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E 6 i bead F4g 444

Fig. 1 Sequential micrograph of microbeads

migrating in micropost array.

Direction
of flow

Fig. 2 Fluorescent micrograph of outlet channel

showing size-selective separation of microbead

4. Z O - FFit 55 1E (Others)
ARAFFE VLN BT HE B O 2 B R HEE 7 1 75 2
(ImPACT)D X %51 T VET,

5. i3 P23 K (Publication/Presentation)

(1) Passive and Continuous Hydrodynamic Sorting

of PMsz5 using a micropost array, Pacifichem
2015, 2015 412 H 18 H
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1. B % (Summary)

&R iR 4 e (MSIM ) o 3%+
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A LS TNE O HEANE M T i 2 ik
REVC G- 2 D B it LT,

2. FEB (Experimental)

GITEIBSEES e
Bkt
[8715]

BRI E W TH T AR BT O O4
BEME TR LT, — T OEM I Ceob VO F 741
T =D 2 O REN-EIRO LTRAE LT LT,
AREROESZBEEEH 2 O THIELZ, £, Fig.
1(a) (TR T IOIT, FRSIMEEBIZ A — — & BT T
FMR A A AR E T, I/ N—TT T A H L
X0 AA IR E kB L L Ch > MSIM Bl Y&+
W AER LT, T A 28 CAE R LT I E 5 T
LED StIRABEEIL , St7 7 A/ —2@ 0 CHE O A}
WA IRES L, BT 2EIMA BT 7 CEIEE
BB W% 0 AT — RS S0k LT,

3. fif RLE %2 (Results and Discussion)

VERR L7281 ~D 3RS ON/OFF (2L- T, Fig.
1(b) TR T EIRIEB LR DO 54&SH DI E A
Bz, WBEBERORESZIXEMMOMREAEESTE
AR T T 2600, 7mm ETHELZSE TH I

:Characterization of organic radical thin-films

HNFyTa AT VD, LAYy T A—H D B FRFIME D, FREEFR D

:S. Dalgleish?2, L. Reissig?, M. M. Matsushita?, K. Awaga?-?

1) A BRI R IR, 2) 4B KT YLC, 3) 4 WEKY RCMS

:1) Graduate School of Science, Nagoya Univ., 2) YLC, Nagoya Univ., 3) RCMS,

RNEWRIE SR STz, ~7a A — LR OE
REICHHERPBESND 28T, BREHOFER &
DIZEAERAF ARIRE BRI O B8R E D R
AR SNDER 2 HIBITET 5720 T, A4 )
REHERRIRE L CHVD MSIM B3 1 OR N 2.5,

£

a)

I:‘—

LED: 850 nm

Spacer-mounted VONPc:C60

cover slip \ T
lonic Liquid Au
Ag > 17mm S
m Oscilloscope

Figl. (a) Profile view of the novel planar device architecture
and experimental setup. (b) Dependence of the total
amplitude (max—min) of the initial photocurrent response
on inter-electrode spacing for EMIM-BF4 device (inset).

Photocurrent Amplitude [uA]
© - N w & u
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2 4 6 8
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Matsushita, Y. Sudo and K. Awaga, Langmuir,
31, 5235-5243 (2015).
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1. %2 (Summary)

1.4 eV O FILF—NURE vy (Bg) 528K
V= N EER N A e STANENE - NPl % S ¥ 7]
hRPHFFEIND, S Cy 1T, C fkE 6%ET52ET
EglX 1.4 eV £72%, L L7enin, C D Si H~D A
BIVATRIE 1073 at. % FERITIRL (1], C 1IZE G Ichrt
Do D728 Si T C DA EHALE ~DOHDIA TN
ML, FZTH 41T Si,Cy IC Sn A AL
Si1-xSnxCy IZEHL TS, ZILETIZ 2.7%D 0 C
FARRD Sit-xySnxCy TE XL VR E 8 ORI A )
L 2], F7=, BEFHEORE R0 Sn-C fE A DL E D
REN [3]L SityCy ~D Sn D ADA NI ELTF
NTWB, ABFZETIE, Hsm C#lka BEEL. C O
HIZAMH 7= AR BB IC LD 2 bt Sitx,SnsCy JE %
TR L, = OfEIEE ML 72,

2. B (Experimental)
[FIR U7z FrpdkiE]

X BB T (XPS) &
[5E871k]

R EER FICEE R~ 7 R ARy 2 T EE
WL RJE 100 nm D7 E/L T 7 Sitx,SnsCy B A =S IR
THERE LTz, ZD1%, EHRFH KT TOBLB AT,
B RR EA1T o7 Ar AR IC BT F o T %
OFH L7 XPS #1220, [ C DfbEfEAnikigl &
O TEE DML DM AT -7,

3. fE R L5 %% (Results and Discussion)

Sn kA 10% B L C fkE 5%IZFFHL.
Sit-xSnxCy JBEHEFE L 723UEHT DU T, 600°C, 1 FFfH
DOBILFRCTEFA LR AT 2720 SitxySnsCy JE LT~
BEL O REIC E > TR b 2B LTz, ZORE o
XPS IZEAIELTZ Ar AN i D Sit-+ySnxCy D
Cls a7 A~ MV% Fig. 1 1Z/RT, Ar A3 HET TR
BRED C IERIZEDE =T DI BBIESNDN, Ar A
N BRIE Site,SnsCylEH1 D C HRDOE —2 DA% 3
g BZELNTED, F2. Sitx,SnCp D Cls a7 &
RIMVZIESI-CREEBLIOSn-CHEeE C-CRaaIziE
WI28—rn@lgsnsd 4, chsov—ri2zne
AU EHALIE B LU FALED C ELT, C Ak

RMRABER T NA 2O OM BB L O -t ZABR A5

:Materials and Process Developments for Future Semiconductor Devices
CREFAIR D, [LPIFE D, BRI D, MR 2

:S. Yano?, T. Yamaha?, Y. Shimura?, S. Zaima?

1) BRI RTFEE LR, 2) 4 i BRT KRR > 27 200F 58T
:1) Graduate school of Eng., Nagoya Univ. , 2) IMaSS, Nagoya Univ.

P L7, ORGSR, M EHRALE C OREAK LI [E
RIR%Z EA2D 4.0%E5HC&/z, 72, # C B (Cota) 12
KT EHNLED C EEE (Coun) DENLIRIE FE K
EME% Fig. 2 107, ARVVEE O E R Tl &
PARTE O C RIS TN TD, 51T XFRETHIE D
FE D RIR AV TIL Sn OFT HAINH TX5ZEn
Lotz ZNHORERHHIKIE COBMERKEICE-T
Sn BLW C ofrHIFImEIci, 4.0%D C KD
Si1-xySnxCy BRI R EN L=,

1

A A
%‘ - 0.8 A
S A
ol Eo6l
5 $ 0.6
b o
g J0.4f
o [ Before etching
21 ASn0% C5%
= 0.2 | ASn5% C5% A
After etching A Sn 10% C 5%

290 288 286 284 282 280
Binding energy (eV)

Fig. 1 XPS C1s spectra of
poly-Sio.s551n0.10Co.05
before and after etching

0 400 500 600 700 800
Annealing temperature(°C)

Fig. 2 The annealing
temperature dependence
of the Csub./Ctotal ratio
value of Si1-x;Sn<Cy

4. ZDOfh - K F I (Others)
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[1] R. W. Olesinski et al, Bull. Alloy Phase
Diagrams 5, 486 (1984).
[2] T. Yamaha et al,, Jpn. J. Appl. Phys. 54,
08KA11 (2015).
[3] R. Matsutani et al, Phys. Status Solidi C 11,
1718 (2014).
[4] S. Y. Park et al., J. Appl. Phys. 91, 5725
(2002).
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6. BEHRFET (Patent)

72,



PR T :F-15-NU-0011

FIHERE BRI

A AES (B ASGE N T RV AN AE TS ADRFSE

Program Title (English) :Research for spin device using half-metals

FR#EA (A AGE /N EEL )

Username (English) :K. Ueda

ArlE4 (A AGE A BRI L SE R

Affiliation (English) :Graduate school of engineering, Nagoya-University

®: WptWO0) sub.

1. #% % (Summary)

A ha A RBW T, BERAEY ~DOIE E
FGATRDBED 12 7 7 (SIS B B3R e > TV,
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2. B (Experimental)
[FIH L= 73k ]

FEIEE X AR AIPTEEE, 74 N7 T7 R E
[F8r71E]

Ar+N2 T A% AW SOGTEA S ZIEIZED | -
MgO(001) AR 12 Mn3GaN/Co3FeN & & A ERI L JM . A .IH.IIII H‘”LI ,
T, AR AT I X RS0 R 1 ) etk —e—
VITo7, TA NV 757 ¢ —4E (RIFRRH) 2 VTR ) -180 -50 0 20 150
B— DIt A4V 7R E O MR (80 x Fig. 1: (a) Out-of-plane (26-6) XRD patterns for Mn,GaN
20 pm) & TV, BR R EEI T2, films and (b) for Mn,GaN/Co,FeN bilayers. (c) in-plane

XRD patterns for Mn,GaN/Co,FeN bilayers.

[ntensity (a.u.)

3. fti L #%% (Results and Discussion)
Fig.1(a), M2, K E1EE~350°C, Ar+~10%Ns 75

T MgO EIZ/ERIL 72 Mn3GaN (MGN)HLJ& & jz O LOF
Mn3GaN/Co3FeN (CFN)f & Eio> X #R[E[HT(XRD) /< 05 |
S =%, BN OO 575 MgO Habk - 1
TCHlFL A L CWD N7, F-, FEEIEO N = 00
XRD /¥4 —(Fig.1(e) &4 o8 T, MGN & CFN 78 =
MgO M oo & 4Lk E (Bl BFRIE CFN 051
(001) [100]// MGN (001) [100] // MgO (001) [100D) L 10 '
TWDHEN-72(Fig.1), ' . .
Bty 7 =— LI AHE L 7= MGN (20 nm)/CFN (5 8 -4 0 4 i
nm) —JEIRO 4K TORALRIER R (Fig. 205, Ak . ) H ‘k‘?e‘
T 7 LT EAT Y S AN S 7. A HiE A Fig. 2: Ferromagnetic hysteresis loop of for MnSGaN(20

nm)/Co,FeN (5nm) bilayers at 4 K after annealing at

155 R (Hex) B ORI (HOIZZFHE 40, 430 Oe K TY 880 995 K in the field of 10 KOe for 80min.

Oe £720, MGN & CFN 73 3< fi < f*A(xTﬁf*A)
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B RWEEAT o7, KE72A D AMR (F 5 VRS
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Ueda, and H. Asano, J. Appl. Phys., 117 (2015)
17D725.

(2) Current induced magnetization switching in an
antiperovskite nitride exchange-coupled bilayer,
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2015, Beijing, China, May11-15 (May 12), 2015.

(3) Magnetic and transport properties of
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:Fabrication and evaluation of functional multi-layered magnetic thin films
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2. %8k (Experimental)
(R U7 Btk ]

PREBECIETE | A4 AENEEE | BRI R A
TORE, EAAE ML, 8 Ly bR ARy LAk
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[ F2B 5 1%]

P T MnGa 84 Vo, ~ A2+ 51
TAMT ZEP520A &L, L UANMEE A LT A0
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Hillz, ZOLEDLVANEIL 40 nm Tholz, 7\ b
AT UBREUIZFRIZ, 40 nm JEDOL TP AMNIED MnGa
AR CEANT DD, $F—= T 5T TIA
T B E T, D%, BlOY T BICETE—
LFTHIEE CTL VAN — 2 2 ERILT-,

3. i LB
LUZANTIREELT: MnGa RO KrtA A REHITZ D
WbV —7 2R E LT, AT/ —28 30 keV DY
AT Ker A A 13V P AN EiEL . MnGa DR
PEITZEL CLESTZ, — 7, 10 keV OGEITITRG A
B CRIREFEII AL L T, ZOZEn D, LY ARNE
40 nm OHETIIAF R =1L F—% 10 keV F2HE

% (Results and Discussion)
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(a) Resist thickness: 100 nm (b) Res1st thlckness 40 nm

Fig. 1 50nm-pitch resist dot-patterns with the
thicknesses of (a) 100 nm and (b) 40 nm,
fabricated by electron beam lithography.

ETDMENHDHZEN DD -T2, Fig. 1 12, fERILTZ 50
nm By FDOLIAMME = hmd, LYARNED 100
nm O LIV TV ARNTZBIVTLES TODERT 23R
SNDMN, LUANE 40 nm O EXTIFF DL 70k 7138
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LT2EE R D SBIZZDL VA~ A7 % W TRHER 4
—V DNERA R LD T ETHD,
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[1] D. Oshima et. al., IEEE Trans. Magn., vol. 49
(2013), p.3608.
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Fig.1 SEM image of Cobalt thin film fbricated on a
SiN membrain film. The patterned ferromagnetic
films have rectangular features to create artifitial
domain walls.
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Fig. 1: SEM micrographs of tantalum samples
exposed to He plasmas: (a)1093 K,46 eV, (b)1400
K,80 eV, (¢)1033 K,65 eV, and (d)620 K, 55 eV.
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Fig. 1 Atomic force microscopic image of chiral Au nanostructures
(a) gammadion-nanostructure fabricated in the previous year (b)
structure fabricated in this year
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Fig. 1 A sequential series of SEM images of
graphene growth.
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buffer layer

monolayer
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Fig. 2 STM image (800x800 nm) of monolayer
graphene.
(50x50 nm).

The insert is an enlarged image
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Fig. 1 GSR sensor element
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Fig. 1 I-V characteristics of the FesSi-NDs with
and without magnetic field (0.5 or 4.5kOe) at room
temperature. A schematic view of an
experimental set up for local I-V measurements is
shown in the inset.
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Fig. 1 Cell culture in the developed microdevice.
Scale bar: 100 pm
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Fig. 1 AFM images of the assembled structures of
(a) ELP-2, (b) ELP-3, and (c) ELP-4.
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Fig. 2 AFM images and line profiles of surfaces of
the plasma-etched GaN films !
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Fig.1 GaN nanocolumns grown by MOVPE.
a)-¢) 460nm d)-e) 190nm diameter pattern with
164, 300, 1000 cycles growth, respectively.
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Concentration

10 mg/ml

35°C

10 MPa
Solvent 0.5
mL/min,
C02 10

ml/min

Table 1 Effect of solute concentration.

Micronized
particle

Raw material

50°C

10 MPa
Solvent 0.25
mL/min,
C02 20

ml/min

Table 2 Best results.
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ITHZENREETHS. AFM [ZXD5HNE, SFEE G
WA TEDH i, s GII A MR ESNHT-8
BE k98 RS HIE R BT 22 80300
STUND.

ZZTHAIX, MEMS £z W izeRy Mg~
A7 PRET > T L DFHATFEEZ R R L CXz. Z0g!
RIRIE, FHAREEE, B ErEZ S U3 To2 8% B
HEL TS, FRR B LT & i AR I 2 K0 s 3
HZET, vA/uv =t alb—FD L7 &2 M
(AL E A DR T OO LSEIRH TE%. £/ AFM &[F
BRIZ, BIZRRDOZEEY, MO ERITT DR T1D
VB FHA AR B CTED. ShiZwA 7T 73,
PAZECh DT, MK D HLEOVE Ye/n & O FHH
IS DANVELD 5B A IR CEHEBZ 2 BIDS. ZOFIT
H2AWT 10 pm A —F OEME B2 iE LT
RAE TR D2 & ITE I LT,

2. EBr (Experimental)
[FIR Uz ErpdkE ]

Mg~ AT Z7A4F ICP v F 7 4kiE—,
HA ) —SEE AR 7 E AL 3 Rt —
PV TTT AT IR NS IR E R — =
TN~ AaAa—T7—K Deep Si Etcher, V77
TAT AT T 7 A
[FEB71E]

VI TR, TTTAHMR EIZBIE L 727 A L U AR,
V7 TT7 4EEIC Lo TS —= T ROy T T4k
EICLS Ty T U 70, W EA Ny X T E
(CLDMEH B DR E e, 7T A~ KIEHEA LD v —
DT EERRT, v AR T T R

G RRFER G TR

:Graduate school of engineering, Nagoya University
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3. fE L %25 (Results and Discussion)

EFIEROS Va7 a—7 ZlBEIZ 20 E L=
ZEEEE LS DO~ A T aRIAT T DR FHI P LT
(Fig.1). Bl TAFM CELEHAIEN TV% MDCK i
(ZBEL TR E 2% [ L HL — T 2R HEC 500Pa F2
LRHAICET-.

Fig. 1 Fabricated Micofluidic chip.

4. Z A - Kt =8 (Others)

SLENFFERE CHTHE SN (B i RGN T NPF)

E E BN

(1)On-chip measurement of cellular mechanical
properties using moire fringe, Hirotaka Sugiura,
Shinya Sakuma, Makoto Kaneko, Fumihito Arai,
IEEE International Conference on Robotics and
Automations 2015 (ICRA 2015) in Seattle(the
United States)

(2)Hirotaka Sugiura, Shinya Sakuma, Makoto
Kaneko, Fumihito Arai "On-Chip Method to
Measure Mechanical Characteristics of a Single
Cell by Using Moiré Fringe," Micromachines, Vol.
6, pp. 660-673, 2015

5. 3 - 22583 (Publication/Presentation)
7L

6. P FFET (Patent)
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M RE FEFEFAE
HMMRRES (A AR ATy TN B L DB BRI DS RITE S B R O R A

Program Title (English) :Measurement of responsive properties of photosynthetic cell by On-Chip
Robotics Technology

FIR#EA (A AGE BRI Bz, sl JH RS, ek B E

Username (English) :T. Hasegawa, S. Kagiyama, A. Sato

Arlg4s (H AR A BRI R L SE R

Affiliation (English) :Graduate school of engineering, Nagoya University

1. % (Summary) {blsE)E — Eeti g o 3 J@nn7esd SOI vz,

~ AR T T aRy Nt Ty I THEL, b WAL Ty T a—T LT IR TH AR A
BRI SATT VN (S HE) TR T 5T Bl % TT AR IS, T EFEE N LA T
PRI % G- 2 T BR DI Rt 2R 55 2 8% H 1Y Fa—T LN N oL R E AT AN D
1D, DDA Ty TR E AR AN L, & VYT Fan— X THTIEIZLY, ATy T a—

(BB ELT- T R U TRk & 2R (i, T EEERE TEOMIEE L.

pH 728) 2 5.2 1412, H—flfaL~ /L CIe& 233 VERIL7=F 7 % F\ Tk (Synechocystis sp.

HZET, TUBDINVERNEOHEOTE R A TN L, Eis1 PCC 6803) DEEM A FHEEF AT o7, £ T 8D

DOREZEFFET . FHAEERA~OWEITIL, Fex OWFFET L —7 1 TLLRIR
RUIRus T 7 490 Wy b AT A (HOT VAT

2. Fk (Experimental) L) HEHNDZET, TURED ZIRTTEE-NLERD L, §

(FIH LT F 703k ] BER~E L. 20%, Ty NROE =7 7 F 2

WA~ A7 T IA7F L=V BEE X AN =20 ArF o7 T u—T 2B, JROT EE
)7 EE A ICP my F 73 E — X A A eI Y T, U ETUIEERI LT,

7 —4EiE  Deep Si Etcher TDLEOTu—T7 L OEMNEZFHIIL, MfaoZs
[T E] I Rt Ak ol RSN QA XY Y (LS S = e

FTHAT LT —E O, U ANIBIER O HAR A Y] ZATolz. FHAE RITKIL, ~VY OIS T VA
. MmN~ AT IA4FT 2N, SUav ik,  w#HT52ET, U8 (Synechoceystis sp. PCC 6803)
HITAFER DT NP AN == 7% 72368 DY 7 #IT 100 kPa FLEE THDHZ L5772
F—= 7T, V=PRSS EL O TRERLZ 7 4+ b
~AVEFIHA L. FD%, ARy B 7 E O Ty 4. Z O - FrEt S (Others)
FUTEEEZHNDZET, BIEBLIRTyF 7217, S RREBFEE H I LA (B BRI T NPF)
EWRAEN LT 5. &F, v gEREEEZHN T3 BB R

HAMRET TR DL EATHOZET, A F 77 a— (1) T. Hasegawa, S. Sakuma, K. Nanatani, N.
TR T LA alikT T A ERLUT-. Uozumi, and F. Arai, 2015 IEEE/RSJ
International Conference on Intelligent Robots

3. L %25 (Results and Discussion) and Systems (IROS), p. 6033-6038, Oct. 1st,

FH AR O R NI, MR A BRI~k 26 2015
THIEE, ALl A 2 TS MO T R&EZ D 2) EREZ, eAMER, tRE, AEEZ, i
EEDOMRID K 12 5T DI LN EELR D, YFEE BN, BRI A S a7 7 A A ha =7 A3k
T~ A7ufitihF v 7 W TINF 2R ) TilsL, A 2(ROBOMECH2015), 1P1-P07, “F-hk 27 4> 5 A
T T T a—T R E# T 52Ty IR (150 pm) 18 H

DOFARE RS R ORI EIL TS, LasL7ens
b, A B THHT L BED IOIZEL 2~3 pm EIEH 5. i 3L+ 743 %% 3K (Publication/Presentation)

(NSO OB R R R O 700121, ks 7L,

P EID BRI DO KR ESITH TN T o —T M

WBELTRD. 6. BERFFT (Patent)
FoF T T u—T OIERITIE, TN E — PR 7L,
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FIHERE SE[FRIFSE

FIHMES (B AGE)

Program Title (English)

FIHE4 (B AGE PR HE, M. Gallab
Username (English) :K. Nakahara, M. Gallab
ArlE4 (A AGE AR R TR LA se R

Affiliation (English)

1. #%3 (Summary)

TR, REEIRE RIS O E2 HEL T, IiFD%
FEREC A KRB/ & ORI B T2 8F 28 08 24T T
WD, GERITIRE AT 70 & B AE HAZ K ST 5FAM 5
EDHWSITEEN, K0EEMNRFHETEELT, 1
)i 7 0T S G-t LAY L A Tl Rl £ 2 Y )
DTOIVTETZ. JIT OB RS EIL, IN 124 %
FIhnL, ZOBEOER BEX N EFHNTHZEI2LRD
BIA. fERIL, ~A/a~=E 2l —Za 8 % VW CEA
DTN TE. L LI DI EAEIL, FOHEMEE T
AL 7= 5l 2 L, HEMEOm ORI NEETH -7,
— 5T, OGN TEfr ORI, A7 1
KT 7 % AT BB EIC B 3 A e T TE T
~Ara T IO TR IR A VRO
ELEREZRHA T2 T, N AL—T v M HE
BHETHZENFIEETHY, BEMELI AT L2 HNWHILET,
HEMEOBEWEHINTREL 2D EE 2 BND. FZTH~
I, T 7 N CHRED D B RS EEBREh A P e A T
VAR Sl A O R o = B R = NN e e /A
TIRTF o T AR R CE 2. ZOFETIINER 752
W TR 2 LB 5720 F 2 — T I AR T LT
OO NI TH T2, OFD, Fo T N~DII+
DN TRRICB T2 T UARWRIARBENCID, HEAN
DINFEHILTLEI VO IBEN D T2, T TR
ZETIE, EREIT R VA —T R B A F o~ A7
OEAT T DEFICED, ZOREOHFRIZH -7

2. FBk (Experimental)
(R U E7edE ]

WY~ AT F4F, ICP =T 7 ikE—K
LA T —IEE, A2 7B E

[ =5 J714]

F =T IR B A AL T AT 0TI, R T EH
WRWRIEHIE SR D HD. F 2 TARIZE CIIRENF
LRIV LD IR E BRI 2 D, ~ A7 ik T~
FITHE LT~ A a7 —|Zx% L CRERIEE 2 FIn4 5
L, FOET TR S M OMNNAELD. v onm
vI—%7 AL, Fy 7 RRIREERE AN 52
T, RIS R ILE WO - OME S R REE 72D,
Fo I~ Arae’T—, FrForTa—T7 kN
YE2HT5H. 20X RFvFOERL, 75NV TT5T74
X Deep RIE 72& ® MEMS #4i% FV N CTI75.
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:Oocyte analysis using vibration-induced whirling flow

:Graduate school of engineering, Nagoya University

3. L5 (Results and Discussion)

(@) Measurement point

D=

Fig. 1 Fabricated chip; (a) Overall view, (b) SEM
image of measurement point

VERIL7=F > 7% Fig. 1 IR T . 8 R ULIFHI AT A
ZHAWCTEREI T2, o7 I~ T AD I+ Z% v
7o, T DF T NA~OEFEA K OFHTE O EIU DY)
ERIXEHIT 100 %Z 2Rk L, RO FHIT AT LD
LT, RIS, I OfREEREZIT 7. 4 EIOE
W AT LTI, Fy7EIET 8 R ~DATIE
JEAHIEIL, J1F% 0.3 um/s 75 T8 um/s O3 & Tk
ARE CHDHI LA MR LT, FTo, IIF DM R B 7
HFERTIEL 9 EDOIRFIZxt U CEHRIZA TV, FHIIL725P
FOELZEE, ~VY OIS IET VAT LT-EEOIN
F DY T RBOYELAEERZETZNZ I, 9944 pm,
313.7£77.7 Pa Thoi=. LI EIZIY, IRELIZV AT A
OF HME R L.

4. ZOfth - ¥rEt 9+ (Others)

ALFEIFTEE CHOE BN (B iR RGN T NPF)

BTN

(1) K.Nakahara, S.Sakuma, T.Hayakawa, F.arai,
Micromachines, Vol. 6 (2015) pp.648-659.

(2) K.Nakahara, S.Sakuma, T.Hayakawa, F.Arai,
26th 2015 Int. Symp. on Micro-NanoMechatoro-
nics and Human Science, Y% 26 4F 11 A 25 H

(3) st g, Ve ELHE, B f, Hio A, BAR
B aR T 4 7 A A ha = AGETH S, TRk 26
F5H 18 H

(4) st BE, FeCR ELEE, I 6, H A, 5 33
[l A AmRy MES iR, Pk 2649 H 4 A

)]

. -2 %33 (Publication/Presentation)
7L

6. BEH AT (Patent)
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FIHREA (B ARGE SFEREARE T HAR

Program Title (English) : Noninvasive sensing technology of biosignal
FIHEA (B AGE =R AR —

Username (English) Y. Murozaki

FriE4 (A AGEE AT B R B LA Ie R

Affiliation (English) :Graduate school of engineering, Nagoya University

1. %% (Summary)

i EOTA7 vy (a, P, KE, ERBE) 5
RO TFHINC KO ZLOIEREGLZENTED. Zhb
OEHE—FEL TS T 27200 LT, WEEY
T3dD. BEEFMIEMOT-OIZ, ElE D747l %
BG4 AR OV A XK Bl Eel T CTHFZERR

JE2179. MEMS A IO/ A7 A B AZfENLL,

K b IEEN AT B Yo/ N 3 L OV B ) B AR
HLT-.

2. #Bk (Experimental)
[(FIH L= 7tk ]

L— W — SR, WEE S~ AT T AT, Ay
2V 7 HEE -, ICP myF U 7 4E@E —3, ¥ A7

iR

[EBT71E]
L — AR LA T A A BN, 20/

— EWEEECH~ AT IATIIY, RFETH LY

YT PG =R B LT, N == TSN
Va2 ICP myF 7 4kiE—XTLY, =y F 7 %179
ZLT, BeE, BN ORE T, ANy XY T E
AWK &SN aNZEmB IOESG o4 B IEE
FEUR R S I k> TS L., A7 —
ZRWTH T HZE TR O ER T -T2,

3. fif KL% %2 (Results and Discussion)

JRFIRHEE A LD P O—FEERGS FIREE 2R o7
ZET, B o/ NS RTREE 7R o T, 2, K AR IRED
K EZ P ORWEIZBWT, 41.7um OKEET T %
ANWLZET, IMUBIZAED K SR IR ED - D FE R AF M DK
TapiE, SYELIOKSIRE Y1, 2 mm X 2

mm X1.04 mm O/NYKIZEREILTZ. F72, BUEL= &
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> Y% 3 mN D F1 o fiERER AL TY, MtffEELIZ 300
N LU EZHL T Zhusdy, b2 1002675
IR IREN AT B Y A KB TEIZ, — T, 2=
Y EKRETHBN TR, BURIREO KER A0S, BUS
HOFENREL, IREREOE LD AEC TS, v=
THRUWEL CODIRFFEA KA ER DT, BUS D
MBI TEDLE 2N, 5%, KDTyF L7
I TRLOUKE KOS EITV, (R ZKMICE
SR HZET, IRERFEDOBCERLELL 2D,

<)
i
" QCR load Sensor

Fig. 1 Fabricated QCR load sensor.

4. Z O - KL FH (Others)

EFEINFFERE CHTE SN (BB R ERGHIN L NPF)

- ZE R

(1) Y. Murozaki, and F. Arai, IEEE Sensors J., Vol.
15, No. 3, pp. 1913-1919, 2015.

(2) Y. Murozaki and F. Arai, IEEE Int. Conf. on
Robotics and Automation, May 28, 2015.

(3) Y. Murozaki, S. Sakuma and F. Arai, Int. Symp.

on Micro-Nano Mechatronics and Human
Science, Nov. 9, 2015.

5. 3 - 225383 (Publication/Presentation)

7L,

6. BEHRFFT (Patent)
(1) =% — i, KRB 2 W= frE v,
PR 2015-025796, Rk 27 42 A 5 H.
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FIHREA (B ARGE
Program Title(English)
FIHEA (B AGE
Username(English)
ArE4 (A AGE
Affiliation(English)

1. B2 (Summary)

AVl 2 B — e L~ L T EndIC 3 T 5720 0,

F T TR B AT LD AE BN LT 5. A F
VTR B AT LB T HICHTZD, Irn—XTF
T OFMKHIEED BEE, =TT T ORI ~DT
IRAD LG SEFNH ATz, TN —T e~ A7
B AR T T EAER U T2, R 53 B AT LD FERE SRR
LC, A7 T BT LMK DOLZENE, A —T7
TV T TOH—E =X MO7 4T 1 a2 LTz,

2. %8k (Experimental)
[FIHA L T8k ]

L—W s E, mmE e H~A2 77407, L—%
—HiEEE X, TUL v rnRa—T K, LA
Ly —AE

[ F2B 5 1%]

TaeAK%E Fig. 1 1R, b—W —HiE2EE % o
TIAMYAIZAERL, (Lo~ AT e~ AT T AF—
EHAWTH IR Z = Zi G LTZ(Fig. 1 (). I35-X
NI/ = ANZEST, HIRZEY R T ZANTINTL,
MEEAAERL7-. AT 0w AT, — OB TADM EHE
PRI FANTINLL T, £7°, Fig.1 )0 XH1Z,
AR, A= x2U7, OO =)o RS Ta21T
STz DT, BENZOWTHO Y —=0 7% 70
(Fig. 1 (d)), Fig. 1 (€D &HIZ, ik E7ed 40 pm D%
HoTz. Z0%, mik-@/E - @m&ELE T T, ILLEATTA
EIMTOATAEREL L (Fig. 1 (). &ZICTTIX
~IEMEREA E VT PDMS EHTAF v 729 E L, 4
— T F T ER LT, FERREEE IZ oW, JEIR
T ENARNS, VDR T AN EL, 4 —
T YT H ) AT TR LT BRI R ST B
BEx AV, Eb~ Ao Ry T — X &R LT,

A =TTy T e T S M 53 B AT LD B %

:Development of ultra-high throughput cell sorting system using open chip
AR B, AR BEEE, BID fE, Hazman, (L1 RER

Y. Kasai, S. Sakuma, T. Hayakawa, Hazman, T. Yamanaka

AT B R B TR Ie R

:Graduate school of Engineering, Nagoya University

3. At ¥ %% (Results and Discussion)

FT, A—T 2T OMKRZER AR L. LE
PEDEFRELT, A, A =7 U T TR
%, HHWIKBEIREBERLZEEL, —HHIARLEE
IRBIRINS TR EE LT, T LT, A —F U TR
BIZB T DML TN ENHELIZLZA, 170 mm/s D
TR ECLRET DIED AR T

Fio, =T )T TOR—E =D AT 7.
ARIOFEBRTIX, Bl O7 e )T 1% i
T2, FIERAFIZBNT, BE— XD IRE{To7.
P REB LUy MR, ZNZEN 150 m, 40 pm
W BROFER, B—E—XD5 BRI LIz,

Sheet Resist Glass

— —1 [ 7T 1 T
(a) Patterning of sheet resist (e) Creating a channel by sandblasting
£ L ) s I e 7 1T
(b) Creating holes by sandblast (f) Removal of sheet resist

[ A L i
[ \ L 1] [ |
(c) Removal of sheet resist (g) Glass/glass bonding PDMS

[ \ [ |

B y -

(d) Patterning of sandblasting mask (h) Bonding PDMS

Fig. 1 Process chart

4. Z O - FFit 55 1E (Others)
ILFEIAFIEE T SN (B R REERGHEIN T NPF)

5. faC 223 K (Publication/Presentation)
7L

6. BEH AT (Patent)
7L




: Development of biodevice for cancer cell isolation and enrichment

R :F-15-NU-0054

FIHERE SEFEIESE

FIHREA (B ARGE DN AUHIRE Sy e - YA /AT A ADETBA %
Program Title (English)

R4 (HARGE Kok, H. Anas

Username (English) :W. Song, H. Anas

ArE4 (A AGE AN VN YN o T R e o

Affiliation (English)

1. B % (Summary)

M PEER D AUAIRE (CTC) 28 BT 5729 D, ki
Oy~ A7 AR T 7 7R ONT B B AR IR RIS E O B
FEHATH. PRI TR T HED 1O TH OB RS i
~A7afiiikF o7 EPFRAL, migHho CTC Z2imnd
ATALER S O R HE A B E 2 B IR - B 22 8%
Hi59 . IEW MRIZDS A A A SA 7 LT T VRIS
BWT, MWy 7 REMRLTEY, Ibilhb~vArnm
T OIROFGEALIZEY 90% LA EDONT 7 5% H I
7.

2. 328k (Experimental)
(R 708k ]
W g G~ A2 T T A5 ICP —yF o 7 4kiE —3

[ 255 1%]

HANAERSN T2/ a—27 b~ A7 %R L., Bt
BHENa—T o 7SN b Yar FR o Bz, ik
BIHHA~AITIAT AL TG —=2 T %179, 2D
RlizLTZ—=vrani-var iz ICP =y
JHEE — UKD, =y F U T EBITHIZET, KRV RA
—UEGI T HIENTED, 2O F—% Mold &L,
PDMS ##55 952 THMDOT NARENEDZ LN TE
77

3. fifi &L #Z %2 (Results and Discussion)
EROEREICIVIERS T CTC SHEF >~
(Fig. DIZIXEAE 18um O~ A 7R AN MM Tum (Z5%
ESND, M D CTC 1T AN RESARENZD,
ZOMIRZTVIRITHZENTET | i id, E DI,
IRIMERSC B BRI ZFE S I REED NS Ted | A7
ARAND MEZ T VR T ChrESN D, Fex ALY
TNVEEIFEERT 90% DTy T HREGHZ LTI,
iz, DABEZSGIZUTZBIRHERTH, CTC %47
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:Graduate school of engineering, Nagoya University

THIEK L=, CTC ZX—7 ML=/ fifao
AYBE, W, EIN 7= D 2T 53 LT iPad ZFIHL
7= GUI 45 L7=A/ i o B 85y BEs A7 2 (F
) —2—) DT a AT AT, 5%, SVar FEiR
DIVHFEIN LA EBFTAHZ LI, i miEE <o,
T TNV DIBEEE LN T T DM EH RO BILD,

Fig. 1 Fabricated CTC isolation chip

4. Z O - FrEl S (Others)

L EFFERE CFTH S (46l B IR GHIN T. NPF)

20154210 H 5 HIZE T TV AR R EZITV,

S NN = N N2 P PAa Rt 2 T

- ZE R

(1) W.Song, T. Masuda, H.Nakanishi and F. Arai,
ROBOMECH2015 in Kyoto May 18, 2015.

(2) W.Song, T. Masuda, H.Nakanishi and F. Arai,
Int. Symp. on Micro-Nano Mechatronics and
Human Science, Nov. 9, 2015.

(3) W.Song, T. Masuda, H.Nakanishi and F. Arai,
SICE system integration division annual
conference, Dec 15, 2015.

5. 3 - 22583 (Publication/Presentation)
7L,

6. P FFET (Patent)

(1) PCT/JP2015/058959. ki 17y Bl T~ B%MhL
Ty BER T 7 R TR -3 BEF O AT B Y
TR -y B 790, BT S N 48 T 2R . AT
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Username (English) :M. Ukiki, T. Masuda
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Affiliation (English)

1. #%3 (Summary)
7TV U AR R RE

MEFFSED720DI20T, B

FBLURBOMEGI MR T DDA E LT
ESTRERHDENIERBITIE D, M OR L

VAT LERE T HIEAARIC 3 W E R A A
B, L AT DLW A =y v aal— A
BT 5. BOARST, BB RERNCARA—=D T
ENOHRSNDB TG RV AT LAERL, & IR
ZIEHEEREOR G ERED D, AU AT MBI O JE
2B NIRRT A SRR FTRE S L, B IR Z FE s
ERDOVT NEAALEERE=LY T HAT).

2. Bk (Experimental)

(R L7z 3703k )

HIASAAA A= 73R E 3, R LR R
el —
(287 i4]

By MO RY~— Toh 2 PLCL (poly-
(L-lactide-co- ¢ -caprolactone)) &\ CTF = — 7 Ik
DAF¥R—/VFE/ERL, ZONMAEKEIC LBL
(Layer-by-Layer) {£IZd-> Tl la A fE 8 St 5 R B AR
JERAFT /T VER T E RS EEET 2—7 O
ERZ T (ERILI- MR L B IET 2 — 7 138

KA G A A= 7w — Y 2 WD THE 21T o 7.
Fio [EREEE i E —X ) 2 VT, PLCL #
Ty — /LR DI REELER 21T 7=,

3. AERLEL
SEVE AR A W CERR 3 mm, £ 10 mm DA L
I AR ERLL, A EhHRASEIN AT REAe S BR s a8 s AT
2 (Fig.1) ORFEROMMICHER L. FET XL/ 30
BRI B AR IEL, FHE 127 4 —R 3w 7l

% (Results and Discussion)

Bzl ky, AR ENETE LGRS R AT o7,
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CEEOE A TR A DRIELASA T =y a2l —X

: Creation of elastic vessels and bionic simulator by connecting technology

:Graduate school of engineering, Nagoya University

AT DRI A L7 E R 2R LTz,
RN BERMEEREZER T 27 R0 H
(Fibrillin-1, Fibrillin-2, SM1, Elastin) O3S &%
RT-PCR (Z&->CREliL7z. GAPDH %V7 7L > Ax
FELTAAC IEIZEVEEPR L=, FEiAFIIN 3528 T
A if'ﬁfﬁﬁxﬁk?//\ﬁ FOFRBLEN LR DT EN BN
Lheoto ARNERE ISRV )R E 5 2 5221280,
n‘ﬂ%ﬁk@ﬁiﬂﬁl_éﬂé_&ﬁ)ﬁ’ﬁ STz,

Assembled blood vessels

Fig. 1 Perfusion culture system

4. Z O - Bt 55 1E (Others)
TeH B BN (B BRI T NPF)

5. §i 3L - ¢ 2%% 3% (Publication/Presentation)

(1) #Resl, % W2, IR er, Ba T, BLEET,
BOFSRA, “MAERS ST = — 7 O IR HETE
R EDT-O DR AT L7, 45 16 [7] G
BB B S AT DA T 7L — T a PR
=, FRk 27412 7 14 H

6. BEHRFET (Patent)
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Program Title (English) :Electron Beam thhography Exposure study in pattern formation of narrow

width below 100nm.
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Username (English) :Y. Hitaka, C. Takahashi

FriE4 (A AGEE :NTT 7R RAT 7 /e R tt
Affiliation (English) :NTT Advanced Technology Corporation

1. B2 (Summary)

El?}?%%%}i%%mi&%&aw%&’*%ﬁoﬂ“//w
VERTHTIEEL T, BTREIICL D F RS
NIz F T i@r@bulﬁzm%ﬁﬁ v \é#%ﬁiﬂék7 =
TANRDY , LRI RE R R T2 T /32 BT HME
LTS, BITER F O EBEEEL DD IZ S HR DM
{E3RDHILTEY, 10~100nm FEIK D/ Z A
Rz,

ZOERITIN A DT OIILE LI EZ -
AR S 2 A TERUZ DWW T EVFELWE R A 1G5 0N LB
ThH D, ARRET TIPS TR AT LB h R D5
IR EIZOWTCOREREA TR\, T /T 7/ ay— 38~
O AR R T D,

2. FBk (Experimental)
(FIH U F 703k ]
(€7 97373

4 frFvyaryxom BIZV VAN B AREA A
ZEP520A) Z AL 2 —hCBAL, T B KFET /T
IV =T Fy T — DERE O E TR E (B AE
T8 JBX-6300) IZ KW AT o7z, v NFHUE R
(2 SEM (ZL 81587l A1T o7,
TR, FESARILL T 0@ E LT,

M4 AT VAT TN (JEE 525um)

‘L UARN.ZEP520-A JEX 20nm

- FE AL E FEIE : 200pA

NEFEL&S BT 24~40nm

< NH IR 10 X 50um

BT — A 2nm

*Dose #:1000~5000uC/cm?

<HUG  FERE AT L 20 B

3. A FL L %% (Results and Discussion)

A CHEALIZE YT 30nm(Dose: 3000uC/em?),
40nm(Dose:50001C/em2)?> SEM # %% Fig.1 (27,
E T 30nm O/3XF M 9.1nm, T 40nm D/3F
EMINE 13.1nm CHEG LT, 4 EHEE Lo/ 32 fElk
(10X 50pum) TIEE YT 30nm FTITTHER RO
§5< NEUTERIC KR EHELE KISR0 FLLT
DR F 7RG AT DN TR 53 HI72 7 B ~ 42T 7 8 D
FER JLbT,

(a) Pitch 30nm (b) Pitch 40nm
Fig.1 Result of SEM measurement.
U\J:OD%*S'E IZEWE YT 30nm LA FORZJERRDTZ
TN RO BEZ N LT, KO R SR FR%
m%:ﬁb%%r)x&bé N Ty T DX B EETD
VERDD, ZOTD A BTN L7 m A fAEHE T
DRGSR 2D THTS T ETH D,

4. Z O - Bt 55 1E (Others)
A

5. i3 223K (Publication/Presentation)
L.

6. BERFET (Patent)
2L,
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VLI Z JVIE RS T2 LSAT £ AT v 77 7 AMEIED AFM #1452

:AFM observation of surface step-terrace structure formed on LSAT by heating

AR :F-15-NU-0061

FIHERE A

FHREA (A AGE

Program Title (English)

FR#EA (A AGE VG TECAS, RO A&, IIARHIA

Username (English) :N. Nishikawa, T. Tokunaga, T. Yamamoto
ATE4 (HAGE A BRI R Tt e Rt

Affiliation (English)

1. #%% (Summary)

e e 7R R R R ATV E BRF IS P2 EER 3R 1 3 L
NG TR SDAT Y T LR L~V T T T R%H T
HZEMK DB TS, (LaosSro.n)(AloesTaoss) Os:
LSAT 1%, GaN °E iR E R 8D L DALk
B D FIEA MR ENZENDS, 2O & O
FEREL TSI QD UL, OB HE R ARSOME
WD, RIEZEOREHIENEP LS TR, £
T, AW TITBVLER G2 (LS E 52T LSAT #&
EMR A ~D—I2 AT 7T 7 ARG ORE R T,
ZL T, BVLEL R ORI LR AN EORIE OE W E A
A A (STEM) 2 AW CTHIE 21T\ i iR &
1To7=,

2. Bk (Experimental)

(R LT 7t E]
A=A T WA

[ F2B 07 14]

LSAT(001) B ikt Foli 2 KR P B L OVKFEZ G 1ol
TEAR PRI I T, BULFRIERE] 0.5h~50h, ZLFRIE FE
800°C~1300°C DS T A T~ T, BVILELTAIZ, Ji
T B (AFM) & WO CRE OB 4 1To L 4T,
i A P BRI RS AR B B A i P 1 A
(HAADF-STEM)#1£2(250 , FHIFFIZIBVNTIEHEN
EDIDNTEHNL B EEE LT,

3. L% %% (Results and Discussion)

1300°C x0.5h CTEMLERZAT 7o slBHI R &% o
TR I bR AT ) DOTE R e ST,
Hr W DT IRI T BT PR AL . R P BB
TIXERIR, EoC IR R BMLER ¢ E[100] £[010] 7 IS
O IHROIIREH L T, BT DI RL
ZHiH+ 5728 900°C x0.5h TEULHL AT -7-L 25, K
RAPBLELCII R I T 7 HEIE ThHoT=DITHKIL, &t
FHR CIIEHICAT v T T T AEE DR ESI TN,
ZITEICEREBVLEICER L, SH12, 800°C
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:Graduate School of Engineering, Nagoya University

~900°C, 0.5h~50h CELERZAT T2 A ATV T T

T AT T Y7235 1%, 800°C 7265 850°C DI
TFETDHIENHLNE 2o T2, ZTNHEMLELSAF D) Bk
HHBRICAT 7T DR SITiE O | AFM #8345 1A
Fig |27, A7y 7 @S I b B &S THDH

0.4nm TH-o7=,

HAADF-STEM i£% HWC, ilBH R ima L=t
ZA FEITZOFEHINENS B VA NRFEThiHE
DB ETR ST, £z, FmIZEW T EDS ICED/ A5
WraATo72L A, FEmNEROR R LY Ta-rich 780 A% T
HHTENHIA LT, BULEL% O Fmd Ta-rich 72 B
ANFRAJE TG T HHDEE 2 HID,

8 nm o
3.4 4 $

3.0 rmq ~—
2.6 rm =

Fig.1 AFM image of LSAT after heating in
reduction atmosphere

4. Z O FFE F18 (Others)
7L,

5. §fi3 - F2 % # (Publication/Presentation)
72,

6. BERFET (Patent)
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S HE S 1 :F-15-NU-0062
FIF & s

FIHRREA (B AGE

Program Title (English)

FIRE 4 (B AGE RN Z

Username (English) :K. Muto

ArE4 (A AGE HA LA — I USRS

Affiliation (English)

1. B % (Summary)

RIE =y F L 7@ IS TRAESH 2T T~ (Ar TV
227 R) % PTFE Fbi (4 7o b=F L o) ICBRESL
BKMIC T B 2R mE RS, PTFE Stk ik
REZ L& JF1- ) 1 B EE (AFMIC XA TR BLZ B L O
RIHIHEEIT -7,

2. Bk (Experimental)

(FIH LT F 703k ]
RIE =y F > 7488, S5 B
[ F2B 5 1%]
-7k} - -RIE 4L
ME  : PTFE Mtk (47 b=F L fHhR)
P AR 1 t2X10%X45mm
-RIE AP
%S+ 300W
JAMH : 13.56MHz
HAFEFE @ Ar
HAEF] @ 10Pa
HAPEE  : 10mL/min
PSR : 20,60, 180s --+ 354
- AFM I E &1
BE R o Zovr s AFM £—K
AERHE 10 um/s (0.5s/line)
WEVT © 5umx5um

3. fifi RLE %% (Results and Discussion)

PTFE JtoFmiz AFM (2 TEIEEL, RIE ALBLD IR
SR RIS EDBIRE AL T HIENTET,
Fig.1la IZAR4LE, Fig.1b~d % RIE ZLEERR G EERT 20
. 60 £, 180 F> AFM MM Rd, Bl F-AHAS
Ra (. (a)1lnm, (b)22nm, (c)40nm. (d)150nm 729,
RIE ZLEENS | FREFIEIC LB L C PTFE iz Bikib

159

:Time Auto Machine Co. Ltd.

(TR BN IS Ty FRROBUKER m S

:Hydrophilic surface modification of fluorine resin by plasma treatment

W23 ARMmICWE TEHZ LTz,

Measurement area: 5 umX5 um

Fig. 1 AFM images of an untreated PTFE substrate
surface (a) and Plasma treated surfaces (b-d).

Plasma treatment conducted to PTFE substrates
for 20s (b), 60s (c) and 180s (d).

4. Z O - B 18 (Others)
2L,

5. 3 F2 %% (Publication/Presentation)
7L,

6. BEHERFET (Patent)
7L,




AR 5

FIHERE

FIHRREA (B AGE
Program Title (English)

FIHZE4 (B AGE
Username (English)
ArlE4 (A AGE
Affiliation (English)

:F-15-NU-0065
A=A
:Ge =7 Si BF-NYMIBITD Ge 27 HAA7S PL FFIEIC JKIF 4505

: Effect of Ge Core Size on Photoluminescence from Si Quantum Dots with Ge

Core

BRI, L EERRR, ST

:K. Makihara, K. Yamada, K. Kondo

AN PN YN & T S e

:Graduate School of Engineering, Nagoya University

1. B % (Summary)

Ge a7 Si&F Ky B DOPLIX, Ge =27 D&
TN TOEF — EAFM AN B THY | Ge
a7 A ZOHIFNT L 0 LW R OFFEDS /IHE T &
HZ NGl

2. Bk (Experimental)
(IR E7pdkE ]

JE [ T SRS (AFM)
[FE571E]

p-Si (100) FAk 12 850°C THE/E~2nm d SiOs 4
JERLL ., 7R HF LB . SiHa 420 LPCVD (249 Si
BE1RyMe@mEE(~101em?) - —FEK LT, 2D,
GeHy 77 AD LPCVD 1289 Si & 1Ry b L2 Ge 23R
LT, 51&HiE, SiHa-LPCVD (219, Ge % Si TH
BTHET GeaT /Si vV BFRyMNERR L, £
D%, He 7R 1%02 DUE—F 7T A< (2LD~2nm DT
CANERACIEE R Y MR IR TR LT, .,
GeH4LPCVD |28\ T, HEFEIF 22 LS HZ TR
RHYARXD Ge 27 %R LT, PLHIEIL, fHZHC
PbS 7 A —R | bk SR AR L —F — (i
£:1979nm. /1 ~15W/em2) % HWEIR T o7,

3. fE R L5 %% (Results and Discussion)
GeH4-LPCVD #it% » AFM ik 4 HE L
FER. HEREREMICIK S 3 N v b OHEE E(~101em2)
WCEAERRED 72N LG, PO LT Si &
T Ry b b~ Ge DBEIULE LT Z L 2R TE S,
Fo, GeHiFEZO My AL, Si& T Ny NIk
A HERERERE] 2.5 0B L N3 BV T, =R
~2nm B L O~6nm I L7, Ge =27 EIZ, Si¥¥
v TER LT RICHE Liza 7 A A~6nm D27
SV Ry @ PL A7 kUiZiE, 0.6~0.8eV (T
Ta— RRpAXT MBS, —J, a7 A
A~2nm DT /=)L Ry hTlE, a79 A4 X
~6nm @ PL IZ~<~80meV &= x/L¥ —filics 7 k
L7z PL A7 hABEHI S 7= (Fig. 1), L L72n
B, FBIEHMEICIHE R EMITRD NN &b,

Ge a7 Si&F KRy 26D PL I, Ge 27 DT
MEORIFHKAETHDHZEERL, GeaTHA X
OFE/IMZ X DRz F—D 7 MM, Sk
FLU7 R b A ZGRICL D EFET R T —

OHINE LTI TE %,

WAVELENGTH (nm)
1990 1 BIOO 1 7]00 1 6|00

—e— Ge core size : ~6 nm Siclad

—e— Ge core size : ~2 nm
30 nm ﬂ\
, < )

PL INTENSITY (a.u.)

0.70 0.75 .80
ENERGY (eV)

Fig. 1 PL spectra for Si-QDs with different
sized Ge core. A typical AFM image of
Si-QDs with ~2 nm Ge core and
schematically illustration of this system

4. Z O - Bt 55 1E (Others)

- 553Uk

(V) TEEEE. PR, =R —, [Ge 27 Si &1
Ry RInBOFNART MR ERITYE 2 76
B B KR, (R 4 R ERES
#5), 16a-2D-5, 9 H 2015 4E

5. i3 P23 K (Publication/Presentation)
7L,

6. BEH AT (Patent)
7L,




R :F-15-NU-0067

R g 7 Tl

FIHRREA (B AGE

Program Title (English)

FIHEA (B AGE AR S

Username (English) :N. Fujishiro

FriE4 (A AGEE REREESER T MR SICH
Affiliation (English)

1. %% (Summary)

Foxix, REEERSEO DRI L - TRE I D EHT
PR Z B 2 2 AESTRREDS DAL D | ARIMR R IARBLII
WEOEHZD S L, TOEBICKERIERER 2565
BBz D TS, BARRIZIE, 74 b=y 7
B A —/3— L U RIZZE O REEZ WED ., € OBFRIR
MNEIT-OTCET, BH L7 4 b=y 7 A — 33—
L v RO R 7 FRE T D70, A EERFELE
Hokigk =R L TEOMLERALTND,

2. 328 (Experimental)
(FIH LT F 703k ]

L — L E —
[ 3285 1]

FT . MeaIERTOEHEL T, 7+ P AR SU-8
3050 %W T AN FIZ AL a—MITRELIZDO S,
65°C BLW 95°C ITMEAL 724y 7L —h T Soft
Bake #17->7=, ¥&iZ, 3D CAD CTHiEL7=7 4 b=y
A== L AD— VLT ANET L
(Figure DZHLEIZ, L—P— UV T TTLL AT LTT A
MNTAELTZ, TD%, HOHRy 7L —F ET Post
Bake #1770, %% SU-8 Developer |2 iA1= L
TARER S ZBREL, AV 7O AT L3 — L RS AT
STz, BT FURRPE HE R 70 1L RSB O N 7 BAIMER
(CTCRUIBES NI s 2 Bla LT,

Figure 1 3D model of photonic crystal superlens

(unit: micron).

161

RN R IR A 7 4 b=y 75 Eh A— /R — L U X DB %

:Development of Photonic Crystal Superlens for Infrared Astronomical Observation

:Koyama Astronomical Observatory, Kyoto Sangyo University

3. fiti =% (Results and Discussion)

RIE LT 7 A b=y I A — /S —= L ADT ANET L
I FAMEE T LT- S % Figure 2 1IR3, %t
TS AR R B CE TV, I KBS b
THEY, AE A —MILLMIE, BLOANAF T Dt
BT L&A SDITEE LT DU ERDHDHEE 2 HILD,
KT ANET VOMLTELNIZMRELEIZ, 74b=y
U A— /S — L RO AN LAt 5~ Wi A 5
L, BUEHEH 2D TD,

I I ] o e ) T s )

Figure 2 Microscopy image of a test piece of

photonic crystal superlens.

4. Z O FFEc F5 18 (Others)

ARWFFERRE T, BT (G5 FF%E (B), BRER =
15K17615, RFZH RUH S0 DO Z2 32 THEM L
TWo,

5. i3 223 K (Publication/Presentation)
2L,

6. B 4FET (Patent)

AN



AREE 5 :F-15-NU-0070

FIRTERE BRI

IR EA (B ARGE (T IRA AT — 2 DB

Program Title (English) :Development of indicator for plasma

FIHZE4 (B AGE CHATEEF, LR

Username (English) :K. Nakamura, Y. Yamakawa

ArE4 (A AGE RSV T IR

Affiliation (English) :SAKURA COLOR PRODUCTS CORPORATION

1. %2 (Summary)
PBREIILDETHE ST N AADLLOET 1
TARATCIETIA=RFHASI TS, YT T I7X~D
REAAH 5 B CFHI 95 — /L LT, 7T RIS L
TEATHEEEN O (T TR~ A —5 ™) ZBi 5%
LCW%, Aal, g &bt (7 747 F5i) D DAk
SNBY T NA D —52D Clg 7T A< ALERI T35

BADEINEAFL AT MK DV TR AT~ 72,

2. Bk (Experimental)
[(FIH U7z 73k & ]

ICP =y F 74k (7 v 3w 748 CE-3001)
[FE571E]

VAR B N D — SR BT — A
THREFHT, Table 1 ISR TR TT I MEZAT T2,

Run| Gas Flow Rate | Pressure | Power Bias
[sccml] [Pa] (W] (W]

1 Cl, 50.0 1.00 200 0.00
2 Cly 50.0 1.00 400 0.00
3 Cl, 50.0 1.00 600 0.00
4 Cl, 50.0 1.00 400 20.0
5 Cl, 50.0 1.00 400 40.0

Table 1 Plasma treatment conditions.
AVl — B DEBERITONTUE, T TR BRI
DALVl —2 Kt 725 TEE (L a¥b* & 64 R) &
EL, TRIZEVEaZE(JE*ab)a R LT,
AE*ab= {(AL*)2+(a*)2+(b*)2}1/2

3. fE R L *Z%% (Results and Discussion)

Fig. 1 \Cy = "BIA P — 2O 2R, QLB
REDBE D RELILDIHENEZEDE KT HZ LMD
~72(Fig. 2-A), — )7 JLBRRE DA T A% KEL T HITHE
WD 32 m A b7z (Fig. 2-B),

A= B DRI T TR~ P OTEFE (A4,
TUTN S AREIRE)RFEL TNDHEZ X TWDHDY,
AT A% RELTHETTATHOAF L DAL

MNTyF L 7SN TCLEIZD . AN LD Tik
TRNINEE 2 TIWND, B2 = X LOFRBAINA 1% O FRRE
Thb,

After plasma treatment
Run2 [ Run3 | Run4

Initial

Run1 Run 5

Fig. 1 Discoloration of indicator by Clz plasma
treatment.

10 10

A) (B)
8 8
26 26
2 2
N, N,
2 2
0 - 0 -

Runl Run2 Run3 Run2 Run4 Runb

Fig. 2 Discoloration of indicator.
Power dependence(A) and Bias dependence(B).

4. FOM - Br5t 1A (Others)
TIRw A —H ™IS 7T 7L 2D
PARETT,
ARFGEIL, ESLAFZERRFE E A BT =0V — « BESEHAfT
WA B S NEDO B d36Ic K0 EfEL £L7-,

5. M3 - 22583 (Publication/Presentation)
DU #, 7 76 Bl ARSI E S,
16p-2Q-12 (2015)

6. BEHRFET (Patent)
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R g 7 Tl

FIHRREA (B AGE RGN AR OO R A

Program Title(English)  :Evaluation of etched feature profiles

FIHEA (B AGE MTHEL

Username(English) :K. Takeda

FriE4 (A AGE AT B R B TR e R

Affiliation(English) :Graduate School of Engineering, Nagoya University
1. % (Summary)

U \NREE T 4 — RNy ZHEIL T E IR TR
% o F L T U B O —  WHHTAR O Rl A1 T
o7, Ha & Ne DIRE T AT T X< ORHIIN 1%, 7z
REIZ Lo TR E LT 5, R, INTRAROMIBET
D HAFE Ty F L7 L ZOREBEHERED N T ADZAL,
MR THH L Z52E DT,

2. Bk (Experimental)
(R U7 e dsE]
TR T A~ e T 7 A

[ 255 1%]

FIR<F ) TG e o Z— A D 2 AT
7' F ¥ 3—|2C, 100MHz O & JE & 2MHz O/ 147
VIR AN CE AL/ »>TCD, KFBEEERORE
HAZE AL, TS % 2Pa lZHERF LT, &8 2 HInL <
T IR BT RE SR V= NREN EAHF5, 7z
FAFKIE— L AT I T = NES T MO Y
E2 & @#ICE=427524T 0.1°C LA FOREE TR
W2 N TED, FHALTZIREZY T VA A NZT 41—
R 7T, e MREEDE5°C LLNIZ2 5 L0, 79X
RE R A AT Ul Ve NBEDAT —RE 2R E
EEADHIZT T, v NREET 20, 60, 100°C IZERET
HZENTE, TIA MELZ MG EAITT =N
FE ER BRI HIBE I RN | A BCE R A
ReDIZRD3 IR —E DRI CTA U A7 20 E 2
DI0NT0%, ZOF AT MH IR 2 508, A
TUREIREEZEZ DT T, Vo NRENEZHZE
WTED, T70bb, I~ OB IR CIZSSIRE D
B A RDZENTE, BHTIE Y av @ biE~
AT DF AL LT,

163

3. fifi kL& %% (Results and Discussion)

Fig. LIZ&E V= N\ RETOZ YT UV RERIOHERITIST
TRy F R W AR OB KA m T, @il
E LN RA O HEFEW) D3 i U CREE R TR D35
BILDZED DN T,

100°C

60°C

20°C

20 sec 30 sec 40 sec

50 sec

10 sec

Fig. 1 Cross sectional secondary electron
microscopic (SEM) images of organic film
etched features for wafer temperature
and cumulative discharge timel.

4. Z O - Frit#H (Others)

E E BN

(1) T. Tsutsumi et al., IEEE Trans. Semicond.
Manufact. 28, 515 (2015).

5. & P2 %% 3 (Publication/Presentation)
(1) T. Tsutsumi et al., IEEE Trans. Semicond.
Manufact. 28, 515 (2015).

6. BERFET (Patent)
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:Fabrication and characterization of platinum thin film resistance thermometer

R :F-15-NU-0072

I RE BRI

IS4 (B AGE s A R G O /E R L AT

Program Title (English)

P& 4 (B AGE JHHEER D, mEME 2

Username (English) :T. Yamada?, S. Matsuo?

ATiE4 (A AGE 1) A HERFRFGE LR, 2) 4 bR K LF
Affiliation (English)

1. B% (Summary)

D JR P B 7R B 28k 2 B E 3 272013, 1K
BV NSTRIRE LB/ D, AMFFETIE, 5B
MR FE AL AR E 3572010, HAeTEBHRRE Ve
HPUREE AT B R EIER I AEVIATe 2L T R ED

RO BRI E D EB A B HRL T0D,

AFEE, A B R ANIN T PF OfiEZF L T,

A& BB DOV T R F T RR— = P B T v~
A& AERL . 7NV T T T 0 TREO S 5wl
1To77,

2. FE (Experimental)

[FIR U FrpdkiE ]
L—— S E T N T T T oA
[ 5268 77

L—HP =T TT7 4 RNT 3 AT DT T I~ AT
12 CAD TE&EtLTm~v A & — %4l L, Cr =y T
TEATO, T AR AT EAERILT,

WIZ, 7H NV T T7 4 TROFME b5 H /)
T, BERIER IR 7 AN B L, B
OBURIF A IS 2 12086 L VAR SE— o DR R
BAMEE CHIER LT,

3. fE g %25 (Results and Discussion)

T TR ND AT N — DR L Cr =T
7%, BRICARIEE Tl b Sz T A—2 & LTI T
STz, ZDID | B DSRMFFRIER L TREHBV DT 4k
~ AV AT ET,

AN TTTA TR, TR Z 8, 10, 12 70, HL
B IRE[#% 40, 50, 60 FPEZE(LEE T, ~NF—U D IEMEIC
R B CEDLEMA T, ZORE, VAT ERANRA
I DEAETEH EHIC 115°C, 60 B TREE LT, T O
AL BRI Z 10 LA T BUEREEZ 50 FPLL FIZT 5%
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:1) Graduate School of Eng., Nagoya Univ., 2) School of Eng., Nagoya Univ.

ZET, &/ 3 pm TR SF— U DK a7 iR T T &
BHZENSH-T-(Fig. 1),

3.27 ym

Fig.1 Microscopic image of fabricated resist

pattern for lift-off process.

S BTE—LRAETHSEREL, V77 &
ITHZL T, FEBRITHRE LT B @R M ERL T E 2520
WERBEATO T IE TdhD,

4. Z O - BFEt 5 IH (Others)

2L,

5. i3 2223 %K (Publication/Presentation)

2L,

6. BE AT (Patent)
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AR :F-15-NU-0074
FIHERE REER R
FIHRREA (B AGE
Program Title (English)
FIRE 4 (B AGE AERERIE D, (L= 2
Username (English) :D. Sato?, M. Yamanaka?
ArE4 (A AGE
Affiliation (English)
Nagoya University
1. B % (Summar

ARIIRBE O CHERR S AL TR Z DA TE S
IEEFEIHOM AR EAEH T 22L& TRV ST
%o AMBLRITAERF T TR ZONHTAELT
WA | DA MB35 7 O I TR &
22RO RRE CRIEAL TE DA A=Y U T HAR S ZE T
D, WTHE, H LTSI CRER DS F B BE D 22 [ 4y
fif RE DR L% 48 2 T AR B SR E AN 2N BRFE S Ts
D, FER ETER L E— OB ThiEE 10 nm
EWVIHFEFNZ BN S ERE TOAA—T U 7 I ATREIC
2o TS, LNLERRG, JRER | JRIT R4 DO KE2R
AERGER OB BBLEIIRTER S T/, Fex L,
WOMET SR DOEOISEEFI AL AERTEE O & 22
M4 REE R A A= T DB E HEFL T D, AHE
BRCIE, Fox BMERU 72 a0 T R O FE - B SR
BISRAAT, T ORIEREHER LT,

2. 328k (Experimental)
(FIH U F 703k ]

EAAE B
[E8r514]

) — iR EZ R U TR L 7z st ) k-2 i
TEMERIS K I S, 2D iR Z Y2 Fablk -
THLRSHHZETE M T TR 1% Hf I8 &
SH T, EDO%, HANET R AT BEMBI OB L
7o

3. fif RLE %2 (Results and Discussion)

Fig.1 2VEE SR CHrtE T R F 2B 8 LToRE R
Thd, HONTEGT —20n0, BE/NSWEO T
~60 nm FEEDT SR DMEFHILTWNDIER DD -T2,
A EGONT-BIEZHMETIX, 60 nm KO RERHAXDHKL
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cHOEME T PR A TR SR A A=

:High-resolution deep imaging by using fluorescent nanoparticles

1) A BRI, 24 BRERTPE LR
:1) School of Engineering, Nagoya University, 2) Graduate School of Engineering,

T OUHERBBE TETODEH, 2B ok
A ESEHROMBROBECTAELTLDOLE 2 BN,
L RILEVE— TP A X DR HAERIL | #A A=
JHOTa—7 LU THIAT S,

SE

05-Feb-16

Fig.1 SEM image of fluorescent nanoparticles

4. Z O FFEc F51E8 (Others)
- e

- BMBEOM H HEAREL CTEW A TR RS
KRFPE L PR O A BB REGH B £,

5. i 223 FK (Publication/Presentation)
2L,

6. BEHRFET (Patent)
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PR T :F-15-NU-0078

FIH e SHANRAT

FIHESA (B AGE

Program Title (English)

FIHZE4 (B AGE o il EE I

Username (English) :N. Okada

ArlE4 (A AGE s AR R R LA ge R
Affiliation (English)

1. #%3 (Summary)

GaN SRY-ERG B AT A ADPF DT D EB,
L—W—ZED 7 A AT DIERZ SN L, D~ A7 %
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2. FE (Experimental)
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SilinpiNE S
AR S E (B0KV) | L—F — @t dkE | mid~
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3. iR # %% (Results and Discussion)

c Y77 AT HM EICHHE R RMERE (MOVPE)
EIZE-T GaN ZkE L=, £D EIZARyH) TR
LT, 218 200 um, ~AZ1E 10 pm, 55 200 nm D
Si02 ANTA T <A EER LT=, = D% . HVPE k12X
Y ELO pkE%&17-o7-, HVPE m&EIIEREE 1000~
1100°C, V/II kt 20~60 OFiPH TV, £ 240 um J&
?D GaN ik E L7, 2Ok R, HVPE 151255 GaN fk
FlmiE., K VLT eI bR L3 W MEm ©°
0. F-ARE. & VAIL LTIl 77y MlkELT 0
A THDHZEN N7, Fig. 112 V/II H 60, FEIR
£ 1000, 1100°C Wi CL A& Ll T — RN OIS X%
Fig. 2 I2&m CL BeM SEELRT, R IRE
1000°C TlHrm CL B HAA T L TUOVH iR,

V/IIl ratio 60
Growth temp. 1000 °C 1100 °C
ClLimage
. : ELO growth
(0001)
Growth model t plane growth '

Fig. 1 CL images of HVPE grown GaN and
the growth models.
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V/Ill ratio

Growth temp.

1000 C

CLimage

2.20 x107

1.34 x 108

D.D. [ecm?]

Fig. 2 Relationship between surface CL image
and dislocation density (D.D.)
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1. %% (Summary)

The micro process of a mono-bridge 3-D magnetic
field sensor was developed. The sensor detects
magnetic field strength in three directions
perpendicular to each other. In this experimental
run, micro process was established. The device was
formed. However, issues of edge roughness remains,

which results in inter layer shorting.

2. Bk (Experimental)
(FIH LT F 708k ]

W&~ AT TAF 8 JLv/ Kby ANy HAEE | 3
TLRY A AN BAGE | L — P — il 3E . ECR-SIMS
ToF U EEE
[2B51E])

Mask fabrication is done with laser lithography.

Use 5-source sputter system to fabricate AMR
multilayer film and micro process to form magnetic
field sensing element. An insulating layer and a top
magnetic setting coil were added on the top of the
sensing element. Optical and electric testing was

performed finally.

3. fiE &#E % (Results and Discussion)

The mono-bridge AMR magnetic sensor was

formed by micro process as shown in Fig. 1. The
layer contains the first layer of AMR sensing strips
on the bottom, the second layer of conductive metal
wiring and barber-pole structure, the third
insulating layer, the fourth magnetic setting coil
layer on the top. The patterning of each layer was
formed; however, the edge roughness of the

patterns is very large. The edge roughness of
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conductive metal results in interlayer electrical
short between the magnetic sensor and magnetic
sensing coil. The same roughness of insulating
layer causes magnetic coil opening. The roughness
results from the positive photo resist rounding
induced by the process of exposing and developing.
When thin films deposited on the rounded sidewall
of the developed photo resist, edge fans forms. A
way to solve this issue is using negative photo
resist combined with over exposure to form
undercut at the bottom of the pattern. The
undercut of photo resist prevents the formation of

edge fans after lift-off process.

Fig. 1 Microscopic image of mono-bridge 3D AMR

magnetometer.

4. Z O FFE F18 (Others)

None.

5. i3 K (Publication/Presentation)
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2. EBr (Experimental)
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WSt 217 -7,

3. fEF L2255 (Results and Discussion)

Fig.1 » Fig.2 |2 1000nm & 300nm £’ F CL-UA |
DIE ST TRAZFR D I 7 — Al G R ) LTAA
TRSHCE D 2 FERGME L L 7= CFO JEIED 5 171 BES S
(AFM) B L O X O  B BT MFM) O# 22584 777,
MFM 4 TlIE > MNIZHID 28 &5 S R A DL BREIX
ZRERL TWDZENHELL TE S, 300nm By F Ol E T
(B RV AP e A3y dhe BN Ry AP A iR AN QA Yy
BZOIDHDN, BEERALDEBLSFLTODD ) E 73 K
(2725 TLAHZED -T2
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AFM (FS 20 nm)

MFM (FS 10 Hz)

Fig. 1, AFM and MFM patterns of the 1000nm
pitch patterned CFO film.

AFM (FS 20 nm) MFM (FS 10 Hz)

Fig. 2, AFM and MFM patterns of the 300nm
pitch patterned CFO film.

4. T Ofth - Frit = IH (Others)
e [FENFTEH CBROEEE) IR S HEEdZ (4l
BRZERZGE TA0HIER | o8 MR (4 BR
ARAEL 2 2T DWFZEFT)

LR T m Y =7 N A RN 25 A ek R
7V —BEREVEREIERA L OB RS ) D SR AT T2,

5. & -3 %% 3% (Publication/Presentation)

(1) Joint MMM-InterMAG conference, San Diego.
DS-02. “Magnetization control of CoFe204 thin
films by Kr ion implantation” %3 H 2016/1/13

6. BERFFT (Patent)

72,



8. iR & DA
(Reports of Collaborations)

169



170



1.

[SiC /T =T34 A BHT BT % B RASHi
7V =T @ X — TR
Department of Advanced Materials Engineering, Dong—Eui University. Won—Jae Lee
s RAEE 8 HIZFIEIED Dong-Fui University ZFf L. SiC XU —F 4 R ZBIT 5
BT OEIE I O T R, HHRINEETR- T,

[SiC /RT —F /3o 2 BHZ BT % 3 RASH
7V =) T o dENIEE v 2—  FHRIFE
KOREA INSTITUTE OF CERAMIC ENGINEERING & TECHNOLOGY (KICET). Choi Hyoung-seuk,
Seong—Min Jeong

< AR 8 FIZFRIEAS KICET 275 L. SiC /U —F /34 AT 2 I O BAfrBh
DE R, HHRINEZITR T,

[S1C /T =T /31 ZRPBHZ B4 % B AL
7V =Y T N X — TR
AN TREAOI5ERE  MRHEYE THRERT S@mATEHITSERL 1675 5
C AR 9 A SIERMA BRI TIRFEIEE 2 GRERI L, U —7 /31 240
FENZ BT D I DM A OB R A ZAT 2> TV D,

[SiC /T —F /8o ZRPEHT B 2 B A AL
7V =T @Y 2 —  FHRIEM
Department of Advanced Materials Engineering, Dong—Eui University., Won—Jae Lee
« R 3 AT Won—Jae Lee KA R KRFZFM L, SiC/ATU—F A ATHBIT DK
B OBATEN OB R AAT R 5Tz, [SIC /T —F /31 ZARPEHT B9 2 5 R ASHE |
7V =l T EmENE Y X — TR
7T v AEN R FESEE % — (CNRS) . Grenoble INP - MINATEC, Didier Chaussende

[F 7 =R BRI v ¥ &AW/ N SRR T BRSO B 5
(FL[FAF5E)
TrgeR B LRI TR\
R - BRI AP —
ZHERY - LR K —
T FX v 7 ATRE KEpEA
s H—RrF ) Fa—7 (CNT) 1%, BElFOZ V7 AT A IREBRT I v XI5 BT
ARD, BEEEZNE LS TEEEECOLEMET 2 LW I FrREZFD, 2D CNT
DEFRE L TCOEBMEZFIN LT, FHEFHREELHE T 2 ML L,

171



ET L ARDOKE AT, BFEREEREREOMINC LY, nm YA XOMBRIRE T
— LT D T2 O D /N & 3 fRRE SEM O B3 21T > T 5,

(=R F ) Fa—TERTI v X OBFHHRHEO
(FL[FIAIFSE)
TEEARSERE B TR R RR I\
Korea University (=REK:) % Cheol Jin Lee (% ##IR)
s =R F ) Fa—TEERSETNAV FLBLIOT 4V A E BRI E TIRICH
W2 OB R RE, TAMEZR & 2RI 5,

DRI BT D /3 A A o~ D)t I BT 2 iF5E

(FL[FAFSE)
TARFZEREE TS A 7 LBE RS
TA vy aRAEAMGER EEHEL FERIE

R FEFICBWNTEI0 270D =X u—T 5+ &2BE LT, 14K
JEEE =R ETITH) ZENTERE o TV D, S F G & R R TR T
HI0F, BE—XZEMICE Y FICRET 2 0ERH D, FEREM FIZ Fe ARk
e XA —=2 7 L RN E D B = XD ESGDENTED I &R,

(1 SFETZHMHW A A& o YRR
(FE[FAFFE)
TR B IEHR Y AT L HE AR, HEsE—
A SZ8UERT - WFIEBHSE 70— - st e o 2 LR, KHEES}
FORRZF B A e o & —  #ilfse -, S, e Asr, A XS
IZRWICEOGT D MfEZ v BOSOR R T < %A 4 % ISFET(ion sensitive field
effect transistor) CHE 3 2 FAEER A D TV D,

[BioCMOS F v 7 D E ML DHFZE |

(FL[RIIFSE)

TR TERE TEW Y A7 A8 R, BEHRIA

T 7ar s K2, saREZ, B

< PREREREEE E TS A RS E TS BioCMOS OB EE2 1T o7, 4l ERT
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