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2.2 VBLEZ=+— (VBL Seminars)

VBL &3 —Ii%, HH O ZEOE AN OV TEIAD F12h 0003 B TH7-280 08D
T IEHF ST B OB 22 B D ) < HEERTIC IRV CRIfES Uz, AREIIZE DR EREL T,
BIF—BBERFDIL AR T, Teds, B EIT— O HEA BRAE BT TRROEY Th-T,

Him | F2mE | F3mE
14 50 11

R 23 4FEE 1 [ VBL 23—

(1st VBL seminar, 2011)

B : Epk23E£8 8298 (A) 13:30~15:00

BT ARBERFIFMIFEMEHICAYEREE (27 45E)

#8 B : Manipulation of acoustic waves by artificial structures: From
phononic crystals to acoustic metamaterials

2 BMEEARAXFHIR (VBLBE#MES)
gE

As a hot topic in research on acoustic propagation, the realization and application of artificial structures have
attracted wide attentions. Acoustic artificial structures such as phononic crystals and acoustic metamaterials are
composites or structured materials that exhibit extraordinary propagation properties not found in naturally
occurring materials or compounds. The acoustic propagation properties mainly depend on the modulation effect of
special microstructured units in subwavelength or wavelength scale, which further leads to the rich physical
phenomenon such as acoustic band gap, negative refraction, reverse Doppler shift, etc. These novel properties
greatly advance the conventional principles of acoustic propagation theory. Therefore, we can freely control the
propagation of sound wave and design novel acoustic functional devices with the assistant of revolutionary design
concepts, such as subwavelength imaging, acoustic cloaking, sound beaming, etc. In my talk, the propagation
properties of acoustic waves in artificial structures are discussed with theoretical and numerical methods
systematically. We focus on the characters of surface acoustic wave filters made by phononic crystals and
locally-resonant acoustic metamaterials, acoustic cloaking realized by layered effective medium, sound beaming

and direction control in radiation system made of surface acoustic metamaterials.
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(2nd VBL seminar, 2011)
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#8H : Probing Molecular and Supramolecular Chirality by Experimental
& Theoretical Chiroptical Methods

Prof. Nina Berova (VBLIBEEWIZEE. R HEXRFEZEEHIEZ)

Columbia University, USA
VBL Lecture, Nagoya University

Chirality: by Experimentalis
Theoretical’ Chiropticaliviethodss

Prof. Nina Berova

Department of Chemistry
Columbia University

13:30-15:00, November 16 (Wed) 2011

1101 Room, No.1 Building, Graduate School of Engineering
(TEMEF1SEE 10fE110158H=E)
Host; Eiji Yashima (4495)
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(3rd VBL seminar, 2011)
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#8H : Recent progress in studies of cobalt — epitaxial fluoride
nanoheterostructures

Prof. N. Sokolov (VBLiZEE®WHZEE) Head of Research
Group/Professor, A.F. loffe Physical-Technical
Institute, RAS
#8H : In search of the third dimension: new approach to electron and
x-ray diffractionn

Dr. S. Suturin (VBLiZEE®#IZEE) A F. loffe Physical-Technical
Institute, RAS
#8H : New Insights on the Interaction between Thiophene Derivatives and
Au Surfaces

Prof. L. Pasquali (VBLIBEE®IZZE) University of Modena and Reggio
Emilia, ltaly



bR

k23 #11 H21 H( H)16 00 235 5 VBL 4 BEO& I F—=812 T, k23 & IZVBL D44 E
ANBA~WIFZER & L THAWSATAEANDONS 4 DT7 21285, 2011 FFEH4 BIVBL &) —
MBS E LT, SBEF W ONCGEI Y A MWL FRRISR LETH, T/ HEEOIASCZ OFHmIC
B2l C L7, /o, BT =TI, TREd3 fFOFEHLSMNT, HB~WHEYSE T2 > 72 1
DWFFREDRFPe A2 4004 HOWMFERN 23 28E b &H Y | EERKRL KPP AEDHE O

W bARAE A A BER e LD E L,
M3 Ak (o7 v bt s 7 —)
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Study on Quantum Nano—Structure Devices
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Fabrication and Properties of Nanometer—Structures
Based on IlI-V Compound Semiconductors
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Fabrication of InAs quantum—dot structures on GaAs nano—patterned substrates
formed by utilizing PS-PMMA block—co—polymer masks
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Optical properties of nanostructured semiconductors and carbon nanotubes
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Adhesion Improvement of Cu/Polyimide Film Interface by High Density Plasma
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1. H. Anan, M. Kamabhori, Y. Ishige, and K. Nakazato, "Redox Potential Sensor Array by Extended-Gate FET
with Ferrocenyl-Alkanethiol modified Gold Electrode," The 14" International Meeting on Chemical Sensors,
May 20-23, 2012, Nuremberg, Germany.

2. K. Nakazato, “BioCMOS LSIs for portable gene-based diagnostic inspection system,” 2012 [EEE
International Symposium on Circuits and Systems, May 20-23, 2012, Seoul, Korea.
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Application of Nano—FGM for Solid Insulator in Electric Power Apparatus
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Fabrication of Semiconductor thin film on Silver Nanocubes via
Electrochemical Atomic Layer Deposition Technique
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Micropost-Array Chips for Non-Adhesive Cell Culture

Department of Applied Chemistry, Graduate School of Engineering
T. Naito (D2), N. Kaji (Associate Prof.), Y. Okamoto (Senior Lecturer), M. Tokeshi (Prof.), Y. Baba (Prof.)

Cell culture technique is essential for biological and medical research to investigate biological
systems, diseases, and so on [1]. Changing medium to stimulate gene expression and long-term stressless
culture are required for cell culture microdevices in molecular biology research. Although various cell culture
chips for adhesive cells have been reported so far, there are few reports about chips for culturing non-adhesive
cells requiring cell trapping. Previously reported cell trapping techniques for culturing non-adhesive cells in a
microfluidic device have a risk of cell damage from various stresses, €.g., photon radiation pressure, electrical
field, joule heating, or acoustic force [2]. We propose a stressless cell culture device for non-adhesive cells.
The device uses only hydrodynamic force and hence it provides cell culture environments very similar to
conventional cell culture environments.

The device is comprised of two components: a micropost array and a loop channel. The tilted
micropost array divides the total fluid flux into several similar flow streams that render cells migrate to the
loop channel and has a potential to separate small molecules such as DNA, RNA and proteins [3]. Cells return
to the initial position through the loop channel and flow again to the micropost array region. At the same time
stale medium is exchanged to fresh medium. The device is not only useful for on-chip cell culture but for
extraction of biological sample such as DNA, RNA and proteins.

The tilted micropost array was fabricated on a silicon substrate. In order to migrate yeast cells to the
loop channel, microposts (12 pm diameter, 20 pm height, 10 um spacing) were arrayed with 3.9°-tilt to the
channel wall. Yeast cells were spread out at the upstream region, and then they were focused on the upper side
of the downstream region in the channel. About 87.4% of the introduced yeast cells were migrated to the
upper half of the channel.

Two types of loop channels were designed. Both of the channels have an inlet, an outlet, two loop
ends, and two electric pumps. One of the electric pumps was connected to the inlet while the other was linked
to the two loop ends. The flow was visualized using fluorescence beads. In the case of the Type 1 channel,
fluorescence beads, filled into the channel prior to water introduction, kept flowing in a loop channel during
water introduction. Introduced water and the fluorescence beads formed a two-phase laminar flow. In
Type 2 channel, although introduced fluorescence beads and water formed a two-phase laminar flow in the

initial stage, the water was pushed out by introduced fluorescence beads later.

[1] H. Kitano, “Systems Biology: A Brief Overview,” Science, 295, 1662 (2002).

[2] M. Evander, L. Johansson, T. Lillichorn, J. Piskur, M. Lindvall, S. Johansson, M. Almqvist, T. Laurell, J.
Nilsson, “Noninvasive Acoustic Cell Trapping in a Microfluidic Perfusion System for Online Bioassays,”
Anal. Chem., 79,2984 (2007).

[3] L. R. Huang, E. C. Cos, R. H. Austin, J. C. Sturm, “Continuous Particle Separation Through Deterministic
Lateral Displacment,” Science, 304, 987 (2004).
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(MBE growth of high quality thin films of iron arsenic superconductors)
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Adsorption and desorption hysteresis of ionic liquids on Pt surface

PUERIERE W E P
RN FEREEBSR) . IEHRER (D3) | J. Montague(D1)

[iZzC®iz]

4ﬁ/ﬂﬁi%mfme%&éﬁT%D JRELZR BB OFER ZHEH TV D, FrICESET
RALFLF T, BREEHY ﬁ#éﬁ%@ﬁm®ﬁﬁﬁﬂkLfaﬁﬁnﬂkb6MTwéoK
MF 28 T i g B Ay 7 4 2]_ v W AR T & % 1-butyl-3-methyl imidazolium trifluoromethane
ﬁmmm@mmmﬂ%ﬂﬁmym%ﬁﬁﬁ%L®$u@fi%fﬂiﬁﬂH&%$ T OtiE
(IV-SFG) % HW T in-situ gFfli L7=, BEAENTORmGIZHMHO 5T, OTf 7 =42 D Pt ER~D
WEIZIROE AT Y U ABIG B S 7z,

Potential / mV vs Ag/Ag’
-3000 -2000 -1000 1000 2000

[FFERk ] _ 200 S ;( )' L 'a(o')
Fig.1 {Z[bmim]OTf ®(1)CV & &4 u((1)+1400rnv (a,e), (2) § ] f +j*/*,%
-1000mV(b,d) 3 X UY3) -2500mV (c))iZ 1) % BRI 5_200_ S T
I} 5 SFG A7 kL (ssp) & "9, M. —IOOOmV ® SFG A
7 NVTER Z SRR T 58 ()R AN E o (1 1000 e
~REIT B ()0 %R Lz, T, (1)+1400mV 0 ol vesogioat Vssow

SFG A ~2 7 bk Jb T % ~ 1050cm™(SOs(2)) & ~
1100cm ™ (SOs3))Z —AD E— 7 N3 Hilz, ~1100cm’

N 2) -1000mV

D SOv-ss E—2(SOG)AEICHBL- BAEICIRTAEL 52 = S By
TW% OTf 7=A K ChBLFESND, £/-, ~1050cm”  Ewf .
D SOyss E—2(SOyQ)bAT AV EMEAEALCOVIREE £ | , ,
D OTE 7 =F v D — 747 & (~1032cm™) ([ZH~E i ES 7k 16 (3) -2500mV 5 ¢
LTWBAY, &7 MEAHRS . 2 5 i R i 12 85 < A L T b Mu{} :
W5 OTf 7 =A L BR ThHEE 2B, [ Ve_SOuM), L

(3) -2500mV TIELESALZFMICIEL OTF 7= AN B M2 BE :

I ! 1 !
1000 1050 1100 1150

IPHIEEL TODZENTHIILDM, SFG AT RV Z/IEL Wavenumber /om'
72035 SOs-ss E—7(803(1))75>§3%o710 MNATE—ZQLEAY Fig. 1 [bmimlOTHPt REISHF 5 CV & U
IE—7 103em! ISITHEL TNBT L, SOpss By aSIhE 25000 SR U iony [
SO;(I))EEMEE TId/e & B UBRIZHFET D OTf 7= IV-SFGARZ kL (ssp).
FrHRETHOHEHEESND,
PR &212(2) -1000mV D SFG AT MUITEN AR D J7 02 &5 TARI MUIEIR B K E LR D
B ATV ARBIS Tz, £F°, EDDANEMNEZRET 218 (b)) TIXsB%RETY =4 ko
B —27(SO;Q)BBFIZFRO LN, A S IE~RAIT 518 (d) T 8 B B3O SO;(1)2355<#l
HENDDOHTIHWET =4 FH KO — (SOOI LI=EETH o7, EBRIT MR EA TR
L7eBBHED TD, ZOFERIIT =4 OWEIRIEIZ, HOFEDOFEREN > TNDHIEEZERL TWD,
BT S] in-situ IV-SFG O FEEHIZR MG, ZOERT UL AMENBLE 1.5V BRETHHZEN DD -1,
EAT VL AD AT = AL DWW TUIA R RN %< A B OBRETRE THD, ZDO X R TORRE
B, ZNOR DT A T =4 G 2R TH LR E D %Fﬁ&bf%bb\ﬂi?ﬂ 2D, Fox i
RN OTE 7= HARD Pr(111) [ ~DOW A& 25— R IV L 7= & 2 A, E@mﬂfu@
TIX SO; 5D 3 5D O IZLDWAEMEEN, EDIKENATIE SO; D 2 S0 O ([ZXDWAEREENZI
TNWEETHHIEEFTND,



EOFREEER/ D) A AVBERERICTHERICKYFEESIND
ANXHITFILEHDEEEM
Vertical alignment of mesostructured silica film induced by LC phase
transition of polymer surface active agent
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Studies on helicity control of macromolecules and their functions
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(Conformation analysis of the DNA duplex)

TSR B A T R
EIRE 2 (%) | 1 GRAT) | OHRETS (R 34F) | i IORE (£ 34F)

TRETICHH A IIAMBRIEE L TORICER L, 7Y R Pr 22 F LU THWSE T DNA _EHOE
R EARBED R RN R DI L7 Vs L LI ETONHIENTT Y R B D B S %
W72 | BB TR BLO M2 L A KR ~ OIS E R A AR ICHEIEZ 52 570 E ORERH -7,
T RB OB E AR D BT RILE - G E L OB ARG R THDLH, D L7k
FAEEHIT cis-ARDOBL M AR T ST DRI HIEH AR L7225, — 2 13, A/VMIE AT LR
TIERILIZT Y R B RO TE cis-IROBR EMEL B EHRIBREZ R RS Z LB BN L: P, A
WHFETIEZNO DR RB LT, cis- KD RN ZEMEZ LD TIT A HED 7T DNA " HEH O L fRBEA 5 2=
R CEDHR FTRIGE R T B OB %% B L,

1) AR BRI T S B DR E

ARAFZECTHTACA LI T R P75 E K Thio-DM-Azo O 1L HIMHIBEZEAM (2 FHV /- DNA Bc4%
Fig. 112777, Thio-DM-Azo % Da BlF 1 ZE AL ZDWINART ML ERIE L7224, BIFRFERVB R &
NEWRET 7Rz, BB ES EORMELERETLIZEZ A, trans-TRDD cis-IR~13 400 nm, — 5 cis-1K7>D
trans-fE~13 450 nm O [ HSEREIR O Y PR D B CTERMEAL T 52 LD B E 72572, Thio-DM-Azo % trans-
RIZERM b ST 5E | BARIRE T, 13 48.3 °C L7280 DM-Azo %8 A LT-555 (T, =50.9 O LR ZHEEHD
LEMENETIR T LIELOD, Azo 28 A LT " HEH(T, = 48.9 °C)L[ARRE DL EM AR U=, ZHud4 vk
REAE AN LT AT VIR KD R ENRE . T
AU AT VT A DR ENT AR E 2 HaG
T I RRE B S NI T L B2 B 5 O@N @%@
%. ZHUZHLC Thio-DM-Azo % cis-{KIZ BPE(L b NH ‘N@

SHTG AL Ty 13349 °C &, DM-Azo 3 A _ ;L HyC
L7z LRI — ESRESARLELLT, Z oo DALz
YU, cis-TRIZ 350 Tit DM-Azo LB /L M i Az ON ?

(ZHA LT AT VI B 3 2 St L DO C4h N@S\CH
RMRALEEEL LD EBEZIOND, 2O L o GOTATCX.GCAATC.S HiC ’
R, AIHUED HTEMAET S Thio-DM-Azo Tl Dc: 5-GATTGC-GATACC-3' Thio-DM-Azo

KA BED IR CTHDHAT, 73 134 °C £72Y.  Fig, 1. Structures of Azobenzene derivatives and DNA
DM-Azo(AT,, = 14.6 “C)&[AERIZENTEHIEIEE  sequences used in this study.

EROZEN Yot Y,

2) T BB ER OB TE M DT

T RBFHEARIL trans-IRDS cis-RELVBZTE THHIEMOLIRE 2 DTN cis-IRD trans-R~&
BV LT 2 E NN TND, ZOIIREEME LT, WDIEERLRWALS T 7 D ANEDVEF| &L
T AREMED B DD T BRI O 7o O IV IRV L D I SN D ZENEEL W, L L—fKICT Y
RUBAOFE T GPEEREEOE AL, K BRIE R ORI BALTET T2 cis-IROER L E AR T
SHD, ZHUICHL T, B IZZNETICT Y RUEBUd DNA 8 EENSEVMIIOR P U B OA L MEZ
AFNVIETEMLTE DM-Azo Tid, VRN FZLIMFISNDGZEEZ R HLTWD, L7z - T
Thio-DM-Azo TIISTATEALTEAT VT A EDO N FAT IR B R E S 7512606
PTLUANVMICEALTEATF VIEICED cis-ROBEL EMEDORFFRIIFFTEDH, F32,37 °C ITBITH
Thio-DM-Azo O cis-{A451%. 36.5 h &, Azo (40.5 h)E[FFRE DB EME cis-IRINE L TWDIENS3 )
277,

Sk
1) H. Asanuma and X.G. Liang et al. Nat. Protoc., 2007, 2, 203-212.

2) H. Nishioka, X. G. Liang, and H. Asanuma, Chem. Eur. J., 2010, 16, 2054-2062.
3) H. Nishioka, X. G. Liang, T. Kato, and H. Asanuma, Angew. Chem. Int. Ed., 2012, 51, 1165-1168.




BT OHEHIE & AT BT B

Studies on structure control and functions of macromolecules
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(Molecular dynamics simulation of poliovirus)
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Relaxing the preferentially oriented graphene layers on SiC(0001)
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Two-dimensional (2D) graphene shows tremendous potential for high-frequency device
technologies. Epitaxial graphene (EG) on highly resistive silicon carbide (SiC) is a promising
avenue for high-quality graphene-based nanoelectronics because of its advantages such as wafer
size scales and direct growth on semi-insulating substrate.! While the Si-terminated SiC(0001)
surface of a-SiC has been regarded as a perfect candidate as thin graphene layers are easily
realized on this face, the electronic properties of EG, especially in view of carrier mobility, are far
inferior to expected.2 In contrast, extremely high carrier mobility of EG exceeding 250,000 cm?2/(V -s)
is experimentally demonstrated on SiC(000-1) surface.? The outstanding carrier mobility should be
attributed to its distinct structure.

Although the graphitization of SiC via high temperature annealing was found as early as the
1960’s,4 only the structure of Si-face EG reaches a consensus recently, whereas on the C-face the
complex configuration is by far not completely understood. It is recognized that the Si-face EG
layers, in AB stacking, grow over a so-called 6V3x6V3R30° buffer layer, uniformly rotated 30° to the
SiC lattice.>7 The presence of an interface buffer layer for C-face EG is still a matter of debate. The
theoretical calculations predicts a C-rich buffer layer existed at the graphene/SiC interface,%9 but
the angle-resolved photoelectron spectroscopy (ARPES) and scanning tunneling microscopy (STM)
measurements instead support that C-face EG grows directly on the reconstructed top surface of
SiC.6.10 A distinctive feature of C-face EG is the complex rotational symmetry compared with other
architectures including Si-face EG, chemical vapor deposition (CVD) graphene and graphite.!113
The rotational disorders other than the Bernal stacking result in linearly dispersing band in the
case of multi-layers, i.e. behaving as isolated sheets.14 However, the rotation modalities reported
are in a wide variety, even in contradiction. In some studies, low energy electron diffraction (LEED)
of grapheme gives circular stripe patterns, implying that graphene planes can be oriented in
various directions on SiC.12 More investigations reveal that the rotation flexibility is not random
but azimuth-sensitive.6:11.14 Even so, the C-face EG obtained in ultrahigh vacuum, the nearly same
conditions, shows dissimilar rotation preferences. Many possibilities for graphene orienting raise
doubt as to whether the EG structure remains stable when applied in special circumstances, for
example, at elevated temperature.

Ripples are difficult to be avoided in elastic 2D materials. On the topography of C-face EG, ridges
are always observed. It is assigned to be the unique negative thermal expansion coefficient of
graphene.116 Namely, the graphene expands while the SiC contracts upon cooling to room
temperature. Ripples are expected to strongly influence electronic properties of graphene by

introducing spatially varying potentials or effective magnetic fields.!”18 On the reverse side,



however, the Si-face EG seldom shows the ripples even though annealed under the same conditions.
Bao et al. observed a disappearance of ripples when heated to 700 K and subsequent reformulation
after cooling down in suspended graphene layers.1® As coupled with SiC substrate, wrinkling or
stretching EG during heat treatment should be in a different way.

In this letter, we focus on the structure readjustments of preferentially oriented few-layer C-face
EG arisen from post-heating in vacuum. High-quality EG consisting of large-sized domains is
investigated so as to lower the effects of domain boundaries on the graphene orientation. We find
that post-heat treatment irreversibly disarranges the orientation and relaxes the graphene layers
by constructing larger interlayer rotation angle, and each ridge splits into two small, parallel
puckers.

Few-layer C-face EG was prepared on commercial n-type 6H(000-1) (o = 0.076 Q cm) purchased
from Sicrystal AG. To remove the surface oxides, 2 monolayers (ML) of Si were deposited on the SiC
surface, followed by annealing at 1000 °C for 10 min in ultrahigh vacuum (UHV). EG was grown by
resistively heating the SiC up to 1750 °C with a heating rate of 30 °C/s in 0.5 bar Ar. The post-heat
treatment was carried out in UHV at 700 °C. All the STM measurements were performed in the
constant current mode at room temperature.

The as-prepared EG was in situ characterized by reflection high energy electron diffraction
(RHEED) [Fig. 1(a, ¢)]. The diffraction spots originated from graphene lattices, denoted with G and
G*, can be observed only when the directions of
incident electron beam close to the SiC[1-100] and
[11-20] azimuths. In addition, in each azimuth one
graphene diffraction (G or G*) is observed exclusively.
This suggests the graphene layers are preferentially
aligned on the SiC with a small relative rotation angle
between graphene and SiC lattices. In fact, C-face
graphene has three preferred orientations: rotated 30°
(R30), +2.204° (R2%) with respect to the SiC bulk o i
[10-10] direction.* The R30 contribution can not be  Fig. 1. RHEED patterns of (a, c) as-prépared
seen in the RHEED of as-synthesized EG. {g;;lresg)(;ndidrig rzZiS;:)ICIZIeallificef f)}f Si(((? ang

The RHEED patterns of post-heated EG are shown  graphene.
in Fig. 1(b) and 1(d). Two diffraction streaks of

graphene coexist in each azimuth. This is a typical

feature of turbostratic graphite and also usually
observed in C-face EG comprising small domains.20

The RHEED patterns indicate that rotated graphene
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domains or stacking of rotated layers exist after the

heat treatment. Fig. 1(f) schematizes the reciprocal  Fig. 2. STM images of (a) as-prepared and (b)
. . . post-heated EG. Inset: Fourier transform of
lattices of SiC and continuously rotated graphene. STM image.



The as-prepared sample was transferred via exposure to air to the UHV scanning tunneling
microscopy (STM) and investigated at room temperature without any heating treatment. Fig. 2(a)
shows the STM image. The periodicity of unit cell (solid diamond) has a length D = 3.2nm, which is
much larger than the atomic lattice spacing. This means that the STM image gives the moiré
patterns caused by neighboring rotated graphene layers. At a large sample bias (Vs>0.5 V), the STM
just depicts the moiré patter generated by the top first/second layer.2! It is found that the periodicity
of moiré pattern is almost unaltered throughout the EG surface studied. In the inset of Fig. 2(a), the
Fourier transform (FT) of the STM image presents a set of spots in reciprocal space. The strong
spots outlined by solid hexagon show that the unit cell of moiré pattern has an average length of
3.15+0.19 nm. The weak spots correspond to the larger periodicities, e.g. 2x2 denoted by the dotted
hexagon. Each spot on hexagon vertices in the FT pattern has a broad distribution, indicating that
not only the periodicity but also the orientation of moiré unit cell varies in a certain range. In
addition, the hexagons are apparently distorted as indicated by arrows, implying the presence of
anisotropic strains in the graphene layers.2!

The periodicity D in moiré pattern resulted from two rotated graphene layers with a relative
rotation angle 0 is expressed by D = a/[2sin(0/2)], where a=0.24589 nm and 0 < 6 < 30°.21 The
observed average length D = 3.15 nm in Fig. 2(a) gives 0 = 4.474°, which is close to the relative angle
of 4.408° between R2* and R2- planes (corresponding D = 3.2 nm). Note that the RHEED
demonstrates the graphene lattices rotate a small angle relative to SiC. We infer that the R2™ pair
planes are the predominant contributors to the stacking of as-prepared EG [Fig. 1(e)]. The smaller
periodicity length (about 1.6%) compared to the calculated value may be related to the compressive
stains in graphene layers.

After rearranging by post-heat treatment, the graphene surface was then characterized by STM
at room temperature. In general, the periodicity of moiré patterns decreases in comparison with
those of as-prepared sample. Fig. 2(b) presents a typical STM image of post-heated EG, in which the
unit cell has a length of 2.28 nm (calculated = 6.18°). An increase in relative rotational angle #
corresponds to a decrease of interlayer distance,?2 representing the enhancement of stacking
stability. STM image indicates that the
post-heating can stabilize the stacking through
rotating graphene sheets. Furthermore, the
spots in the FT pattern [inset of Fig. 2(b)] are
quite sharp and their positions coincide well
with the vertices of a regular hexagon,
indicative of less distortion of graphene lattice.

This means the original anisotropic strains in

graphene lattices are well relaxed after

post-heating. Fig. 3. AFM images of (a) as-prepared and (b)

A topography comparison between  Post-heated EG. (c, d) Cross-sectional line profile along
the line in (a) and (b), respectively.



as-prepared and post-heated EG was carried out using atomic force microscopy (AFM). As shown in
Fig. 3(a), the surface of as-prepared EG exhibits a meshwork composed of one-dimensional (1D)
ridges, which is commonly observed in C-face EG and ascribed to stress generated by cooling. The
ridges are not uniform, both in height and in width, and some ridges intersect to form nodes as
denoted by a dashed circle. Occasionally, the ridges climb over the surface step, which signifies the
graphene layers are of large domains continuously covering the steps. After heat treatment,
however, almost all ridges appear as pairs on the surface [Fig. 3(b)]. Analysis of the AFM images
shows that the ridge heights for the samples before and after heat treatment are mainly in the
range of 3-8 nm, while the average width of individual ridge in post-heated sample are about
one-third that of as-prepared EG. The distribution density of ridges in post-heated sample is nearly
twice as much as that of as-prepared EG and the distance between crests of paired ridges is
comparable to the width of original ridges. Considering the much low post-heating temperature
compared to the graphitization temperature, we infer that the ridge pairs are derived from the
original ridges, through splitting a ridge into parallel twins. In this process, a node could evolve into
several new ones [see the circle in Fig. 3(b)]. Figs. 3(c) and 3(d) show height cross-section of ridges
indicated in Fig. 3(a) and 3(b), respectively. The strain for generating ridge is defined as,
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where sis the length of ridge arc and dis the width at the base of the ridge. For an individual ridge,

oy

the arc length sis calculated using a least-square fitting. The strain in Fig. 3(c) is estimated to be
0.0015. By comparison, the paired pleats show more than 30 times larger strains, e.g. £=0.047 in Fig.
3(d). The strain formed by ridges is only a fraction of expected. 23 Other stress could be stored in the
film by deforming the graphene lattice or partially released by laterally slipping graphene layers.
After post-annealing, the remained stress can be well released, greatly increasing the strains. This
is evidenced from the STM images that the distorted lattice is restituted after post-heating.

In conclusion, we have synthesized large-sized C-face graphene domains with highly preferential
orientations in R2* with respect to SiC[10-10] by an Ar-mediated high temperature annealing.
Post-annealing at 700 °C in UHV disarranges the graphene stacking to form larger relative rotation
angle between graphene layers, and splits an original ridge into parallel pair. The ridge splitting
results from the release of compressive stress stored in the as-prepared graphene layers, giving
more than 30 times larger strains. The post-heat treatment can be exploited for producing relaxed

C-face EG or for modulating the graphene properties.
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Sharp silicon tips with different aspect ratios in wet etching/DRIE and
surfactant-modified TMAH etching

VBL EEEIER
Bin Tang

1. Introduction

Silicon tips, positioned at the end of a flexible cantilever, are the crucial component in scanning probe
microscope (SPM) and vacuum microelectronics. There are currently a wide range of bulk silicon
micromachining techniques used in the fabrication of silicon tips, mainly including dry plasma etching
and wet chemical (isotropic and anisotropic) etching. Each of them has its own advantages and
disadvantages. Compared with dry plasma etching, wet chemical etching often involves significantly
lower costs, thus more desirable when making a product. The diffusion-limited process of wet isotropic
etching makes it difficult to obtain the same velocity in omnidirection especially when the process is
enhanced by stirring. Etch rate uniformity on a wafer and etch time control for finesse structures in wet
isotropic etching are harder to achieve than those in wet anisotropic etching. Consequently, wet

anisotropic etching attracts more attention of researchers than other mentioned methods.

In this work, we present an analysis of the change of etch rates in surfactant-added TMAH solutions,
on the nonplanar surfaces of the hemispherical silicon compared to those on flat samples. The sur-factant
adsorption on various silicon orientations measured by an ellipsometer is used to help to understand the
mechanism behind. This new finding is further conformed and employed in the realiza-tion of sharp
silicon tips that has several benefits over the existing methods. First, tips of radius of curvature 4-5 nm or
lower of <2 nm are achieved, which is comparable with currently available com-mercial silicon tips in
atomic force microscopy (AFM); second, tips of different aspect ratios with yields approaching 97.5%
can be made by combining surfactant-modified wet etching with other technologies on silicon (1 0 0) and
(1 1 1) wafers; third, processing requires only low temperatures that allow the survival of pre-deposited
materials of low melting points; and fourth, the whole standard semiconductor process gives rise to the

easy handling in a clean room.

2. Experimental results

The P-type, CZ grown (1 0 0) and its vicinal (7 11),(51 1), (411),(110)and its vicinal (7 7 1), (4 4
1), 33 1), and (1 1 1) silicon wafers (resistivity: 5-10 Qcm) of a 3-in. diameter, and P-type
hemispheri-cal specimen with a diameter of 44 mm (resistivity: 6-12 Qcm) are used as substrates in the
experiments. 25 wt% TMAH (Toyo Gosei Co. Ltd.) and Triton X-100 (Amersham Biosciences) are used
as the main etchant and surfactant. The surfactant-modified mixture is prepared with 25 wt% TMAH +
0.1 vol% Triton X-100. The etch rates from curvature-dominated surfaces of hemispherical silicon and
flat surfaces of wafers are calculated, and the adsorption thickness (or density) of surfactant molecules is

measured, respectively.



With regard to the fabrication of silicon tips, (1 00) or (1 1 1) silicon wafers are used, on which the
thermally grown oxide layer of about 1 1 m thickness under 1100 ° C is employed and patterned as an
array of circular etching masks (diameter =50 u m; pitch distance =500 x m) or triangular masks (side
length =60 u» m; pitch distance =500 u m) as pictured in Fig. 1. The closest possible distance between
two tips is 100 x m and 60 u m, achieving an estimated tip density of 81 and 256 per square millimeter,
respectively. The silicon oxide layer is used for both wet and dry etching, with selectivity between silicon
oxide and silicon of about 1:2000 and 1:100, respectively. The wafers are then properly dipped in 5% HF
solution to remove native oxide layer followed by thorough rinse in de-ionized (DI) water, and dried by
nitrogen. Then, in one case, silicon tips on (1 0 0) wafers are fabricated in the etching of pure 25 wt%
TMAH at 80 = 0.1° C (etch time =47 min; etch depth ~ 22 1 m), followed by etching in 25 wt%
TMAH + 0.1 vol% Triton X-100 at 80 = 0.1° C (etch time = 6 min; etch depth ~ 3 u m). In the other
case, tips on (1 1 1) wafers are firstly dry etched 84 cycles (RF 600 W, pulse mode at 80 Hz with a duty
cycle 30%) to 50 u m with etching species of SF6 (130 sccm, 12s) and C4F8 (85 sccm, 85s), and
secondly wet etched in 25 wt% TMAH + 0.1 vol% Triton X-100 at 80 == 0.1° C (etch time = 43 min).
Wet etchings are performed without agitation because the surfactant molecules are not stably adsorbed on
the silicon surface. The characterization is performed by viewing adjacent tips by scanning electron
microscopy (SEM) of JEOL, JSM-7000FK with a resolution of 1.2 nm at 30 kV.

As the (411) planes etch and continuously diminish when there is no cap, the resultant tips are
gradually dominated by planes of foothills. Importantly, the apex of a typical silicon tip is self-sharpened
by the etching in surfactant-modified TMAH solution. The average radius of curvature of the apex is
6 nm with a statistical error of 8% based on measuring the 40 tips (Fig. 1). Moreover, a total of 20 tips
have a radius of 4-5nm. This is caused by large density of adsorbed surfactant molecules on
curvature-dominated planes, suppressing the etch rate of Rs to a low enough value that is less than
Rw X cos 6, where Rw=R(411), and 6 =76 . Furthermore, a high yield of 39/40 = 97.5% is
achieved in the number of formed tips as only one silicon tip on the peripheral region is not well formed,
probably due to contamination associated with photolithographic pattern transfer into the SiO,. The
sharpness of the produced tips is comparable with currently available, commercial AFM tips and the
method benefits from low temperature process, allowing the survival of pre-prepared low-boiling
materials. Especially, we note that the present method performs well regardless of the accurate alignment
of the mask to any special orientation, giving much more flexibility to designers. It is clear that the tip
has a height of 30 um (Fig. 2), leading to the high aspect ratio of 6:1. Significantly, the radius of
curvature of this tip has been estimated as <2 nm with a statistical error of 3%, sharper than that of
surfactant-modified wet etched silicon tips on (1 0 0) silicon. This is because a larger density of adsorbed
surfactant molecules on curvature-dominated apex planes has suppressed the etch rate of Rs into a much
lower value than Rw X cos ¢, where Rw=R(210), and # =80° . Still, the etch conditions

described above give rise to tip yields of 97.5% across a 3-in. diameter wafer.
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300 nm

Figure 1. SEM micrographs of silicon tips on Si (1 0 0) after treatment in 25 wt% TMAH + 0.1 vol%
Triton X-100 at 80° C.

10 pm 300 nm

Figure 2. SEM micrographs of silicon tips on Si (1 1 1) after treatment in 25 wt% TMAH + 0.1 vol%
Triton X-100 at 80° C.

3. Conclusion

Realization of ultra-sharp silicon tips by simple and reliable surfactant-modified TMAH etching is
reported. Large density of surfactant molecules adsorbed on curvature-dominated silicon surfaces
strongly suppresses the surface etch rate of tip apex, enabling the self-sharpening process. By combining
with pure TMAH etching and DRIE technology, reproducible tips with aspect ratios of 0.8:1 and 6:1 are
demonstrated on (1 00) and (1 1 1) silicon wafers respectively at high yield of 97.5%. The benefits of
such a method are that it requires only non-special designed mask, inexpensive and CMOS-compatible
reagents, at low temperatures (80 ° C) to guarantee the formation of nano-tips with an average radius of
curvature of 6 nm or even <2 nm. Further improvement to atomically 1 nm could be imagined by
oxidation process. These uniform silicon tips have applications in advanced field emitters or AFM

probes.

Related references:
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Introduction:

As one of the successfully commercialized devices of biomolecular electronics, electrochemical biosensor has
attracted ever-increasing attentions due to its potential applications to clinical diagnostics, food safety and
environmental monitoring.*® The fundamental aspects of the electrochemical biosensor involve the bio-recognition
molecules immobilization onto an conductor/semiconductor electrode surface and the efficient -electrical
communication between the bio-recognition molecules and the electrode. To design high-performance biosensors with
excellent characteristics (accuracy of measurements, and sensitivity et.al), one important step is the effective
immobilization of bio-recognition molecules on appropriate electrodes while retaining their original conformation and
bioactivity. Chemically modified electrodes have been proposed to achieve this objective owing to their high sensitivity,
stability, selectivity, and low over-potential for smooth electron transfer. In some successful cases, well ordered
self-assembled monolayers (SAMs) formed by compound alkanethiols (ferrocenyl-alkanethiol et.al) on inert metal
surfaces were used to immobilize enzyme firmly with a high degree of control over the enzyme architecture. Ju et.al
pointed out that ferrocenyl-alkanethiol could act as mediator to enhance the rate of electronic communication between
the enzyme and the underlying electrode.* ® So, it is necessary to investigate the electrochemical property of
ferrocenyl-alkanethiol for the development of biosensor.

Because microelectrode biosensors offer great utility for the biomedical use, the miniaturization of the biosensor
becomes more and more important.®’ Microelectrode arrays of biosensor can be fabricated by photolithography or laser
ablation. Although the current through microelectrodes is very small, they still show many advantages over
conventional larger working electrodes within biosensors. Microelectrodes have the advantages of high mass transport
density, small double-layer capacitance, and small ohmic drop. Meantime, microelectrodes can achieve steady-state
current responses in unstirred solutions.

In this work, we synthesized 11-ferrocenyl-1-undecanethiol (11-FUT) modified gold microelectrodes for
electrochemical biosensor. Our main attention is to study electrochemical interfacial properties of 11-FUT on gold
substrates. An Electrochemical Workstation was used to study the basic self-assembling and electrochemical features of
the monolayers formed by 11-FUT. Moreover, we also examined the sensitivity of 11-FUT immobilized gold electrodes
to hexacyanoferrate (I11) ions and hexacyanoferrate (11) ions, which are standard redox reagents of enzymatic assay in

blood tests.

Experimental:
Silicon (100) wafer was first cleaned and used as the substrate of metal electrode. The electrode composed with a

20nm Ti film and 100nm Au film was prepared with E-Beam vapor deposition. After that, a SU-8 photoresist was spin



coated on the electrode. Then a pattern was produced under 405 nm light using optical lithography. After developed, the
pattern was hard baked at 200°C for 2 min. Thus an electrode with micro-sized pattern was achieved.

11-ferrocenyl-1-undecanethiol (11-FUT) was purchased from Dojindo. The electrode substrate was immersed in an
ethanol solution of 11-FUT from 2h to 32h. The concentration of 11-FUT solutions was 5 mM. After alkanethiol
modification, the substrates were rinsed with ethanol and deionised water twice to remove unreacted alkanethiol
molecules. The samples were kept in a 0.1M sodium sulfate solution at room temperature until use.

All electrochemical measurements were carried out with a model CHI610 Electrochemical Workstation. One
electrochemical cell was assembled as a conventional three-electrode system: the modified electrode as working
electrode, Ag/AgCl electrode as reference electrode, and a metal platinum (Pt) as counter electrode. Some
electrochemical cells were transferred into the solution of 0.2 M NaClO,. Other electrochemical cells were immersed

into the mixed solutions of hexacyanoferrate (11) and hexacyanoferrate (111) at a total concentration of 10mM.

Discussion:

Fig. 1 shows the cyclic voltammetry (CV) curves of the SAMs exhibited oxidation-reduction peaks of the
ferrocenium/ferrocene (Fc'/Fc®) couple, with potential of 0.406 V and 0.398 V, respectively. This curve serves to
determine surface concentrations of compound 11-FUT in the monolayers on microelectrode substrates. According to
Faraday’s law, Q = nFAI"™*(where F is Faraday constant, Q can be obtained by integrating the reduction peak of 11-FUT,
n and A stand for the number of electron transferred and the geometrical surface area of the electrode, respectively), the

surface concentration of electroactive 11-FUT (I'*) on electrode is

4ma0’ -

estimated to be around 3.6 x 10*mol/ cm?. Fig. 2 demonstrates the

a0’ -

CV curves of 11-FUT /gold microelectrode with scanning rates from 20010
0.01 to 0.5 V/s. The cathodic and anodic peak currents of 11-FUT
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increased simultaneously with the increase of the scan rates. This
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microelectrode can be easily performed and is a surface-controlled
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increase. For comparing the effect of annealing process, some gold

electrodes were annealed in a horizontal tube furnace before the
spin-coating process of SU-8 photoresist. As shown in Fig. 3, the

cathodic and anodic peak currents increase with the improvement of
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0.05V/s. A plateau region between 0.3 and 0.7V is the limiting



of 11-FUT/microelectrode is sensitive and proportional to the concentration ratio of hexacyanoferrate (I1) ions to
hexacyanoferrate (I11) ions. From these LSVs, the sensing potential can be set at 0.35 V for obtaining amperometric

steady-state current responses.
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Fig 3. CV of 11-FUT modified microelectrode Fig 4 shows LSV of 11-FUT/micorelectrode in 10mM

mixed solutions of hexacyanoferrate (1) ions and
hexacyanoferrate (I1l) ions. The concentration ratioes of
hexacyanoferrate (Il) /hexacyanoferrate (1) are (a)l:1;
(b)1:9 and (c) 1:99.

undergone annealing process

Conclusion:
The cyclic voltammograms and linear sweep voltammograms were used to analyze the electron communication

between 11-FUT and underlying microelectrodes. The electron transfer between 11-FUT and microelectrode is easily
performed. Moreover, the 11-FUT/microelectrode shows a high sensitivity on the concentration ratio of

hexacyanoferrate (I11) ions and hexacyanoferrate (I1) ions.
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I. Introduction

Metal nanoparticles (MNPs) have attracted considerable interest because of their special
electronic and optical properties. The interaction of light with MNP induces the collective
oscillation of conduction electrons known as localized surface plasmon resonance (LSPR), which can
induce enormous electric field near the surface of MNP. Carbon nanotubes (CNTs) have attracted
much attention because of their remarkable electrical, optical, and mechanical properties due to the
quasi one-dimensional (1D) electronic states (1D excitons in optics). LSPR effects can lead to giant
enhancement of optical responses in CNTs such as luminescence properties and third-order optical
nonlinearity. However, CNTs show luminescence in the range of 800 nm to 1.5 um. Using gold
nanorods with different aspect ratios or gold nanoshells with different shell thicknesses, we can
tune a wavelength of LSPR to match the photoluminescence (PL) wavelength of CNTs. In the 2011
fiscal year, I have synthesized gold nanoshells and modified the surfaces of gold nanorods. Then, I

investigated the optical properties of the samples.

II. Experiments and results
1. Fabrication of gold nanoshells

Gold nanoshell (GNS), a particularly interesting structure consisting of a dielectric core coated
with a gold shell, has received much attention due to its special electronic and optical properties. In
contrast to solid metal nanoparticle, the plasmon resonance frequency in GNS is sensitive to the
relative dimensions of the core and the gold shell, and can be moved from the visible region into the
near-infrared region of 800-1200 nm. Firstly, silica colloids were purified and re-dispersed in
ethanol. 3-aminopropyltrimethoxysilane (APTES) was added to purified silica colloids under
vigorous magnetic stirring at 45°C for 3 hours. APTES-functionalized silica colloids were purified
and re-dispersed in ethanol. On the other hand, gold nanopartilces (2-5 nm) were prepared by the
reduction of chloroauric acid with sodium borohydride. APTES-functionalized silica colloids were
added dropwise to gold sol to form gold-attached silica colloids (SiO2/Au). Finally, various amounts
of Si02/Au colloids were added to the aged AuCls/K2COs solution, followed by formaldehyde to form
the GNSs. The amount of the added SiO2/Au colloids was dependent on the intended thickness of
the gold shells. The suspensions were centrifuged to concentrate the GNSs for further use and to

remove excess reagents. The GNSs are electronegative.
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Figure 1. Absorption spectra of GNSs with core diameter of (a) 90 nm and (b) 170 nm

Figure 1 (a) and (b) show the absorption spectra of Au nanoshells with core diameter of 90 nm and
170 nm, respectively. The absorption spectra were measured by using UV-vis spectrophotometer in
a transmission mode. In Fig. 1(a), one peak appears at about 700 nm, which arises from the dipole
plasmon resonance. In Fig. 1(b), the dipole resonance peak appears at about 900 nm. At the
shoulder of dipole peak, a peak appears at about 670 nm, which arises from the quadrupole plasmon
resonance. For small naonoparticles, when their dimensions are much smaller than the wavelength
of incident light, the far-field spectra can be described by the dipole term. With increasing the size
of nanoparticle, the optical extinction changes from primarily absorbing to primarily scattering and

hence the high-order multipole modes dominate the extinction spectra.

2. Surface modification of gold nanorods

Four kinds of gold nanorod samples were purchased from company. The gold nanorod is covered
with a CTAB shell. From the TEM images of gold nanorods, the thickness of CTAB shell is found to
be about 2~3 nm. Figure 2 shows the UV-vis absorption spectrum of gold nanorods suspended in
water. A strong peak appears at about 945 nm, which arises from the plasmon resonance along the

long-axis of nanorod. A weak at about 514nm is the plasmon resonance peak for the minor axis.
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Figure 2. UV-vis absorption spectrum of gold nanorods

We used the finite element method to calculate the near-field enhancement distributions of gold



nanorods. Figure 3(a) shows the near-field enhancement distribution of gold nanorod, which is
calculated at long-axis peak. The length and diameter of the gold nanorod are fixed at 50 and 10 nm,
respectively. The maximum of near-field enhancement is about 15.1. However, the near-field
enhancement decreases very quickly with increasing the distance to the surface of nanorod, as
shown in Fig. 3(b) and (c).
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Figure 3. (a) Near-field enhancement distribution of gold nanorod. Dependence of the electric field
enhancement on the separation between the field point and the surface of nanorod, which are

obtained along (b) x-direction and (c) y-direction, respectively.

The CTAB shell thickness of 2~3 nm will lead to very weak enhancement of near-field on the
surface of particle, which is an impediment to the synergistic effects between CNTs and nanorods.
Thus, we have found that we need to modify the surface of gold nanorod and remove the CTAB shell
to obtain large enhancement of electric fields. We tried to exchange the CTAB shell with
polyvinylpyrrolidone (PVP). The CTAB covered gold nanorods in water were mixed with PVP
aqueous solution and then were sonicated during 15 min, under vigorous stirring. The mixture was
gently stirred overnight and then centrifuged and redispersed in ethanol under sonication.

PVP-modified gold nanorod is electronegative.

3. Assembly of nanoparticle monolayers on glass substrates
A glass substrate was sonicated in detergent solution, triply distilled water, acetone and ethanol
for 15 min, respectively. After dried, the substrate was immersed in an ethanol solution of APTES

for 30 min at 75 °C, rinsed five times in ethanol with sonication, and dried at 120 °C for 3 h. The



silanized glass substrate was subsequently immersed overnight in GNSs (or gold nanorods) solution
to form the GNSs/APTES/Glass sample. Figure 4(a) shows the absorption spectrum of gold
nanoshells dispersed in water. Here, the diameter of inner core is about 90 nm. The dipole plasmon
peak appears at about 720 nm. Figure 4(b) shows the absorption spectrum of gold nanoshells
monolayer assembled on a glass substrate. In this case, the plasmon resonance peak moves to about
700 nm. The blue-shift of the plasmon resonance peak is due to the decrease of the dielectric

constant of embedding medium.
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Figure 4. Absorption spectra of (a) Au nanoshells in water and (b) Au nanoshells monolayer

III. Summary

We have fabricated many kinds of gold nanoshells. Changing the relative dimensions of the core
and the gold shell, the LSPRs of gold nanoshells can be moved from visible region to near-infrared
region. The gold naoshells are electronegative. We used PVP to modify the surface of gold nanorod
covered by CTAB. The CTAB shell is exchanged by PVP and the gold nanorods show electronegative.
Furthermore, we have assembled the gold nanoparticle monolayers on glass substrates. The CNTs

may anchor on the MNPs/APTES/Glass substrates.
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The days spent in VBL

XiaoJun Liu
School of Physics, Nanjing University, China

It is a pleasure for me to be invited by the Venture Business Laboratory from July 4 until September 2, 2011.
During the past two months, my work was focused on the Raman investigation of the pressure effects on the ionic
liquid crystals and magnetic metallic oxide as well as the luminescent properties of SnO, with different
nano-sizes.

High-pressure Raman scattering technique is very important method to investigate the pressure effects on the
optical phonons. From the pressure-induced shifts in the phonon energies, information on interatomic binding
forces in crystals, charge transfer effects and structural instabilities can be extracted. For the Raman investigation
on the ionic liquid crystals, it is found that the mode due to C-N bond shows a gradual hardening with pressure
below 7.5 GPa, and then shows a gradual softening with pressure, which suggests the C-N bond length becomes
longer above 7.5 GPa. The results are consistent with the high-pressure X-ray investigation in which the c-axis
increases with pressure above 7.5 GPa. The investigation may be useful to clarify the pressure-induced coupling
between the different molecules in the ionic liquid crystals. We also investigated the temperature dependence of
the Raman spectra for the ionic liquid crystals. For the magnetic metallic oxide SrCr,04, we found two
pressure-induced phase transitions at 16 GPa and 25 GPa, which is interesting to discuss the relationship between
the structural and magnetic properties. In addition, we detected the Raman scattering and PL spectra for SnO,
nanoparticles with different sizes. We found the significant size dependence for the Raman scattering and PL
spectra in SnO, nanoparticles, which may be due to the variation of the oxygen vacancies.

I also made a talk on August 29 in the Venture Business Laboratory Seminar 1 (*Manipulation of acoustic
waves by artificial structures---From phononic crystals to acoustic metamaterials”). In my talk, the propagation
properties of acoustic waves in artificial structures are discussed with theoretical and numerical methods
systematically. We focus on the characters of surface acoustic wave filters made by phononic crystals and
locally-resonant acoustic metamaterials, acoustic cloaking realized by layered effective medium, sound beaming
and direction control in radiation system made of surface acoustic metamaterials.

To conclude, | thank again all the colleagues that made my stay in Nagoya in the Venture Business program so
fruitful. | think that the collaboration with Professor Nakamura will be very helpful for development of the

relationship between Nagoya University and Nanjing University. | will remember the life in Nagoya forever.



Days Spent at VBL, Nagoya University
From November 2nd to November 24th, 2011

Dr. Nina Berova, Ph.D.
Department of Chemistry, Columbia University, New York, NY
ndbl@columbia.edu

I would like to start the report by expressing my deep appreciation to the Board of Venture Business
Laboratory, Nagoya University, and personally to Prof. Eiji Yashima for the chance to spend three
professionally exciting and unforgettable weeks at Nagoya University. During this period of time | have the
opportunity to meet meeting faculty members Prof. Asanuma, Prof. Shinokubo Prof. Yashima, Prof. Y.
Okamoto, Prof. M. Kitamura, Prof. S. Yamaguchi, Prof. K. Tanaka, Dr. J. Yamaguchi, Dr. Y. Segawa at both
the Department of Molecular Design and Engineering and the Department of Chemistry.

I hope the personal discussions with all of them were mutually beneficial. We shared insights on some
recent developments we are interested in, such as stereochemistry, polymer science, chiroptical spectroscopy
and supramolecular chemistry.

| was able to meet a number of undergraduate as well, master and doctor course students at the Department
of Molecular Design and Engineering and discussed their work during slides presentations which each of
them did at open seminars. My direct contacts with these students during the seminars are one of the most
pleasant, and | think the most meaningful accomplishments of whole my visit. Many of students impressed
me with their willingness to discussion their own work and future plans, and also to ask  my opinion on
some aspects of their work as well. Among the students | met were Y. Noda, R. Noda, W. Magiguchi, M.
Heejun, S. Iwahana and few more. | was truly impressed by the excellent presentations by most of them, and
even more, by their ability to answer my unanticipated questions with ease and confidence.

Interestingly, this is mainly during my more recent visits of Japanese universities, including Nagoya
Univ. in past 5-6 years when | notice a trend in continuing improvement of oral English language
communication. While before this was only a trend, this time in Nagoya at the end of 2011 a big
improvement in English communication skill taking place was not to miss. It is fair to say also, that in
overall the communication in English at VBL and the Department are much easier than | have experienced
during my other visits to Japan. Although more is desired, it is obvious that the rigorous international
contacts of Nagoya University have played a positive role.

Is this the positive effects of recent globalization in many areas of contemporary life? Therefore in my
opinion it will be very important if the faculty members at Nagoya University continue to strongly encourage
a practice where the visiting foreign speakers at the University not only present a formal seminar-lecture but
meet with a group of interested students and young researchers at scheduled time for a free scientific
conversation. | am convinced that such open-theme conversations when the visiting scientists can share
experience and insights in a relaxed atmosphere will bring tremendous positive effect on the young people
who might be otherwise too shy to ask questions during the formal seminars.

A long time ago we have established in Chem. Department at Columbia University a practice when



the Thursdays seminars invited speakers meet for a whole one hour with the graduate students and postdocs
for a free conversation. Usually faculty members meet the speaker for a light lunch just before, and then let
the students alone to talk with the speaker. | think this is really a nice way to avoid unnecessary stress,
which a young student possibly may feel for asking unprepared questions in presence of his own mentor.
During my visit | have numerous opportunities to find out that although my own research objectives
and these of Prof. Yashima may look quite different, we both share very intense and close interests on the
manifestation, sensing and multiplication of chirality phenomena. 1 found that his group is doing a truly
pioneering work related to chirality, which include studies on synthesis of helical polymers and analysis of
their structures and functions. In particular, in relation to determination of helical structure and properties my
expertise on Chiroptical spectroscopy has a very close connection with the problems studied by Yashima and
coworkers. Chiroptical spectroscopy and, in particular, the electronic Circular Dichroism (ECD), is one of the
earliest and most powerful tools for determination of molecular chirality.
A testament for the enormous progress in this filed may be seen in new two-volume monograph
“Comprehensive Chiroptical Spectroscopy” (2012 by Wiley):
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0470641355.html.

The ECD is currently undergoing a rapid technological and methodological development permitting
experimental studies not only in broader spectral range but also simulations of chiroptical properties based on
the Time-Dependent Density Functional response. Despite recent success in solving more challenging
structural problems the application of ECD remains still difficult in the filed of large synthetic molecules and
polymers where the large molecular size often prohibits a computational analysis. Therefore, the exchange of
experience between scientists in the filed is so important for the future progress. Therefore, | dare to say that
my stay obviously was very beneficial not only for me but also for the researchers with whom | communicated
during my stay at VBL.

Around the mid of my stay on Nov. 17, 2011 at the Department of Molecular Design and
Engineering | delivered a one and half-hour lecture, on “Probing Molecular and Supramolecular Chirality
by Experimental and Theoretical Chiroptical Methods™ which followed by discussions.

During my stay, on Nov. 9 and 11, | was able to share my experience on structure determination by
experimental chiroptical spectroscopy coupled with conformational analysis and theoretical prediction of
chiroptical properties by presenting four 90-minutes lectures at the Graduate School of Science. In my
opinion, the lectures were well accepted by the students, judged by the interest and many questions | got
during and after the presentations.

I would like to stress also that my regular daily contacts with Prof. Yashima, as well as my
interactions with the faculty members were not only mutually pleasant, but most importantly, they gave me a
chance to learn directly about the great scientific achievements at the Department. | believe that during
these tree weeks at VBL | gained a unique kind of experience by interacting with professionals who are very
dedicated to their research projects, while many of them undoubtedly are at the forefront of related scientific
fields.

| appreciate also very much the rare opportunity to attend on November 14th the prestigious Nagoya



Medal of Organic Chemistry 2011 seminar and meet there many Japanese friends.

Finally, I would like to thank once again to Prof. Eiji Yashima for his friendly hospitality, kind
attention to me and for his continuing efforts to ensure that my stay proceeds successfully in accordance with
the Venture Business Program and provides results that are mutually beneficial.




The days spent in VBL

Nikolai S. Sokolov
loffe Physical-Technical Institute of Russian Academy of Sciences
St. Petersburg 194021, Russia

It was my pleasure to stay in Venture Business Laboratory of Nagoya University two
months in October - December 2011. These days were full of events related to collaborative research
activity with my Japanese colleagues. Among them, I got a good opportunity to take part in two
joint experiments devoted to structural and XMCD studies of Co/MnF2 and Co/NiF2
heterostructures at the Photon Factory.

After arrival to Nagoya in the mid of October, I completed preparations to the first
experiment on surface X-ray diffraction studies of Co/ MnF2 nanostructures at the beam line BL-3A
along the proposal 2010G190 “Structure and magnetic properties of exchange biased
nanoheterostructures”. Details of coming experiment were discussed with my colleague Dr. Sergey
Suturin, who also participated in the experiment and stayed at the VBL. During the experiment in
Tsukuba (Oct. 30 — Nov. 8) we obtained quite large amount of valuable X-ray diffraction and
scattering data. After detailed analysis they will be very useful for better understanding structure
and surface morphology of Co nanoparticle arrays on different fluoride surfaces. The arrays of such
nanoparticles are attractive for applications in high density recording media.

On the way back to Nagoya after completion of the first experiment, I got a good opportunity
to see again my good collaborator from the University of Tokyo Prof. Koichiro Saiki, with whom we
exchanged by recent news of common scientific interest. After return to the VBL, I devoted the most
time to the discussions with staff members and students of the laboratory, preliminary analysis of
the data and preparation of my talk at the VBL seminar entitled “Recent progress in studies of
cobalt — epitaxial fluoride nanoheterostructures”. In this talk, I reviewed recent experiments
carried out in my group at Ioffe institute, the recent XMCD experiments at BL25SU of SPring-8 and
discussed further prospects in this field. During that period, considerable part of my time was
devoted to preparations to the second experiment at the Photon Factory. Together with my
colleagues Drs Sergey Suturin and Luca Pasquali we discussed coming XMCD measurements at
BL16A beamline along proposal 2011G592 “XMCD studies of exchange bias in cobalt / fluoride

heterostructures”.



This XMCD experiment in Tsukuba was also quite successful. New information on
proximity effect in Co/MnF2 and Co/NiF2 heterostructures has been obtained. Studies of this effect
are important for better understanding of magnetic properties of ferromagnet — antiferromagnet
heterostructures, which are widely used in reading heads of modern computers. It is expected that
the data obtained during these two experiments after their analysis will be good basis for
presentations at scientific meetings and preparing a full paper on structure and magnetic
properties of ferromagnet — antiferromagnet heterostructures.

During the measurements at the Photon Factory, I got a good opportunity to meet there my
good collaborator Prof. Takayoshi Shimura from Osaka University for exchange by recent news in
the field of surface X-ray diffraction. Moreover, after the experiment I had very useful discussion
with Prof. Takashi Suemasu from University of Tsukuba on growth and properties of various
heterostructures with epitaxial fluoride layers.

Coming back to Nagoya, I devoted the most time to the discussions with students of the
laboratory and preliminary analysis of XMCD data. During that period, I actively used an excellent
opportunity of electronic access to a number of scientific journals and data bases available via
Nagoya University electronic library. This was really useful for my further collaborative studies
with the laboratory of Prof. Masao Tabuchi.

I have a pleasure to mention very good conditions for my work and kind assistance of VBL
staff as well as a number of students of the laboratories of Profs M.Tabuchi and Y.Takeda. In
particular, I would like to thank Prof. Yoshikazu Takeda for interesting and stimulating discussions,
Prof. Masao Tabuchi for the invitation to visit his laboratory at the VBL and very good organization
of my visit. Especially I would like to mention really friendly atmosphere in the laboratory, which
made my stay at the VBL both scientifically fruitful and personally pleasant.

During the days off, I have got really good opportunity to see again a number of my good
colleagues and friends in Japan and to visit my favorite places in Nagoya, Tokyo and Kyoto. It was
very fortunate for our family that this time my wife could join me during the first month of my stay
in Japan. This helped a lot to refresh very important for us memories obtained during our previous

visits to Japan and to learn more about recent trends in the life of this country.



Days spent at VBL

By L. Pasquali
(14 Nov. - 03 Dec. 2011)

This was my second time at the Nagoya University as a visiting teacher and once again | confirm the
marvelous atmosphere | found. The period of my stay was between November and December 2011.
Welcome and assistance during my stay were always at the highest levels, testifying the high organization
standards of the host institution and the positive efforts of Prof. M. Tabuchi, who has contributed to make
this visit an extremely positive experience.

The period was extremely fruitful on many respects: scientifically, didactically and regarding human
relationships.

Concerning the scientific activity, | had the opportunity to participate in a joint experimental activity at the
Photon Factory synchrotron radiation laboratory with Russian colleagues of the loffe Physical Technical
Institute of St.Petersburg. The experiments were carried out at the BL16 Beamline on an experimental end
station conceived to perform x-ray absorption experiments under applied magnetic field. Together we
investigated by X-ray magnetic circular dichroism the magnetic properties of Co nano structured thin films
on MnF, and NiF, templates. MnF, and NiF, are antiferromagnetic fluorides. Their crystallographic and
morphological/structural properties can be suitably tailored when they are grown by molecular beam
epitaxy on suitable CaF, substrates held at different temperatures. FM-AFM structures based in fluorides
are extremely interesting for fundamental studies on exchange bias and magnetic proximity effects. Our
experiments permitted us to observe that Co induces a net magnetic moment on Mn (Ni) at the interface
with the antiferromagnet well above the AFM Neel temperature. The magnetic coupling depends on the
nature of the antiferromagnet: it appears to be anti parallel for MnF, and parallel for NiF,. Concerning
MnF,, the growth of Co nanoparticles on the (110) oriented surface permitted us to obtain anisotropic
in-plane magnetic properties.
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During the stay at the Nagoya University teaching activities were organized. The teaching activities were
conceived in the form of seminars attended by students. During the seminars the foreign teachers had the
opportunity to present and discuss with the students the object of their research and to show the fundamental
physics behind their work. In my case, | presented part of the activity that | carry out at the Elettra
synchrotron radiation laboratory in Italy dedicated to the investigation of organic ultra thin films on noble
metal surfaces. In particular | focused on the contribution of high resolution photoemission and x-ray
absorption at the carbon K edge to the study of self assembled monolayers. | presented the recent work in
which I am involved related to benzenedimethanethiol on gold and ethylenedioxythiophene on noble metals.
These systems are important for sensor applications and organic electronics. | discussed also the importance
of calculations and simulations from the first principles for the correct interpretation of the spectroscopic
response.

The atmosphere during the seminars was always informal and friendly. This facilitated the interaction with
the students who were encouraged to ask questions and discuss with the teacher.

A seminar event: Prof. Nikolai Sokolov illustrating recent results on fluorides growth.

Concerning human relationships and social contacts, the period at the University of Nagoya was a nice
opportunity to consolidate social relations which were started during my first stay at Nagoya in 2010. Many
different social events were organized, also independently with respect to scientific/didactic activities, in
which students and professors were meeting together in a relaxed and informal atmosphere. This gave me



the opportunity on the one hand to understand better the Japanese culture and way of life and on the other
hand to comment and show our native country habitudes and traditions.



Report on my stay in Nagoya University VBL in October-December 2011

Dr. Sergey M. Suturin

loffe Physical-Technical Institute, St. Petersburg, Russia

It was my pleasure to be invited to VBL for a 40 days stay in the period from 27 October to 5 December
2011. While staying in Japan | have participated in two synchrotron experiments at Photon Factory. The
experiments were dedicated to the cobalt nanoparticles grown on CaF, and MnF, surfaces.

First days in Nagoya were spent in discussions and preparations related to the X-ray diffraction
experiment at BL3A beam line of Photon Factory synchrotron that was scheduled along the proposal 2010G190
“Structure and magnetic properties of exchange biased nanoheterostructures”. Next week me and Prof. Nikolai
Sokolov (also staying at VBL) moved to Tsukuba to run the experiment at BL3A. During the beamtime few
samples with Co nanoparticles grown on CaF, and MnF, surfaces have been studied. MnF, / CaF, layers
grown on Si(001) and Si(111) were studied to understand epitaxial relations between the components. Further on,
with the use of a 2D detector, the reciprocal space around cobalt Bragg reflections was thoroughly examined. The
streaks believed to be related to the antiphase boundaries were found emerging in the [111]-like directions. For the
first time in our practice GISAXS patterns were taken from the cobalt nanoparticles. The obtained images showed
well pronounced facet streaks. It is planned to simulate the taken GISAXS patterns using the available from ESRF
ISGISAXS software.

After the end of the diffraction experiment we moved back to Nagoya to meet our colleague Dr. Luca
Pasquali also arriving to VBL. On returning back to Nagoya | participated in the seminar held by the students of
the Prof. M.Tabuchi laboratory where their ongoing scientific activity was presented and discussed. | have also
given a talk on 3D diffraction studies of Co nanoparticles carried out by RHEED, XRD and GISAXS. Some
results of the last experiment at BL3A were included in this talk.

The activity during the next week of our stay in Nagoya was discussion and preparation related to the
next scheduled synchrotron experiment at BL16A beamline of Photon Factory. Soon we have departed for
Tsukuba. The experiment at PF was dedicated to the measurements of X-ray magnetic circular dichroism
(XMCD) of Co/MnF, structures. The beam time was allocated along proposal 2011G592 “XMCD studies of
exchange bias in cobalt / fluoride heterostructures”. Though our team carried out experiments at this beam line for
the first time, they were quite successful. The measurements were dedicated to ferromagnetic cobalt coverage on
aniferromagnetic MnF, and NiF, layers. Proximity effects related to interaction of the ferromagnet with the
antiferromagnet at the interface were studied.

The research program during my visit to VBL was full of interesting scientific events. In addition
amongst the experimental activity | also managed to take a lot of pictures with my Canon photo camera walking
around Nagoya, Tokyo and Tsukuba. It was pleasant for me to meet the students at VBL and to communicate with
them in informal environment. | am very grateful to Prof. Masao Tabuchi for inviting me and appreciate very

much the stay in Japan at the end of 2011.
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(Chubu Integrated Nanotechnology Support)
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Observation of Microphase Separated Structure

in a Supramolecular Block Copolymer Film
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We  prepared  liquid-crystalline

supramolecular  block

copolymers  containing

polystyrene- block-poly(4vinylpyridine) (PS-5P4VP) and an azobenzene benzoic acid (Az)

derivative through hydrogen-bonding. Supramolecular PS-P4VP/Az exhibited the liquid

crystalinity. In the thin films of the PS-5-P4VP/Az, microphase separated structure was observed.

Polymer nanostructures were constructed after removal of the azobenzene derivative.
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Fig.1. Chemical structure of a supramolecular
LC block copolymer (PS-b-P4VP/Az).
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Fig.2. The topographical AFM image of a lamella
structure film in PS-b-P4VP/Az.
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Fig.3. The cross sectional image of the

nanostructure for PS-b-P4VP/Az after removal of
Az by immersing ethanol.
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Non-linear Optical Properties of Cyclic Thiazyl Radical Thin Films
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To develop a next-generation opto-electronics device, it is necessary to create third non-linear optical
responsive materials, which enables to control the light so rapidly. So far, those materials have been limited to
close-shell compounds. Here, for the first time, we report non-linear optical properties of a cyclic thiazyl
radical. These radical thin films showed a large third-order nonlinear optical susceptibility of 15.4x10 esu
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Fig.2. UV-Vis absorption spectra (top, right) and .
(bottom, left) of NT

Fig.3. Crystal structure of NT
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Fig.4. Electric field modulated absorption spectra of NT
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Local Ablation of a Single Cell by Micro/nano Bubble

Wva  BRFeb, ZAR Zffe, AR EHR, #HH HA
Yoko Yamanishiab, Hiroki Kurikiz, Shinya Sakumasz, Fumihito Arai2
oy ity R RN LA TER), VR 2 BN IR B & S 3 ARMERTER
aNagoya University, YJST PRESTO

VAV REBWHEICL DA 70T ) A= VKIOFAEIZ LY 7 X I ORB N TIZR ) L
7o WHRYRIE~ A 7 v RO v — 7 B & R LR BV B RIZ L > TRET L. T X
MRz CE b~ A 7 n B ITITZER A H Y, Z a2 RElFH (7Y F—r) & LTHW,,
KT OWENC LV A ZDOHi> T —FNWATE~ A 7 at ) 27— OfRAED & 5 <Jas %
AT D LV ST RFRRBIRZEAHT. T 0K A ZTH e & FR AR 2 i T CEik R Y
BT 22 LN TE, UIHmMPET 5 Z e Z oI EERZELIERWVWAT v bR H 5. 4lA

DFEBRTIIn—F IR LT XA 2~ A 7 aF ) A7 —)LORIA L0 YIBIIEE u m DOEg

THRETLHZ LI L.

We succeeded in processing of the swine oocyte by micro/nano-bubbles discharged from micro-electrode. The
micro/nano-bubbles were generated by electrolyzation and local heat, and which are synchronized with the
peak voltage of the micro-electrode. The glass layer insulated the micro-electrode, and which can be extended
further than the micro-electrode by heat. Then it produces a micro/nano-bubbles reservoir space between probe
tip and the surface of electrode. The ablation of swine oocyte was demonstrated by using this micro-electrode
and the ablation area by using micro-electrode was confirmed about halves of that by using glass needle. The
microjet induced by micro/nano-bubble asymmetric collapse is the main cause of this mechanism. This
principle is appropriate for cellular-scale ablation because of no thermal damage to the tissue. This
micro-electrode is promising new technology which is easily to be applied to existing manipulator under
microscope and which can be contribute to cell surgery technology.
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Ablation by Microjet of micro/nano
Bubble through Bubble Reservoir
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Fig. 1. Mechanism of cell ablation by micro/nano bubbles
generated by electric knife.
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Control of Electronic Properties of One-Dimensionally Self-Aligned Si-Ge

based Quantum Dots and Its Electroluminescence
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Self-aligned Si-based quantum dots (Si-QDs) have been successfully fabricated on ultrathin SiO, by
controlling low-pressure chemical vapor deposition (LPCVD) using pure SiH4 and/or SiHg, selective Ge
LPCVD from 5% GeH,4 diluted with He, thermal oxidation of the dots and subsequent thermal desorption of Ge
oxide. In semitransparent Au-gate diodes with self-aligned dots so-prepared, when carriers were injected to
the self-aligned Si-QDs from the n-Si(100) substrate for electrons and from the Au top electrode for holes,
electroluminescence (EL) in the near-infrared region at room temperature becomes observable with an increase
in current at positive biases over a threshold voltage as low as ~1.2 V at the Au top electrode. Note that, in the
case of an areal dot density of ~10" cm™, the EL threshold voltage was reduced down to ~60% of that of ~10"'
cm™” and emission intensity was enhanced markedly by a factor of ~425 in comparison with the case of ~10"
cm’ under the same current density. This is clear evidence of not only an increase in radiative recombination
rate in the self-aligned structure but also an improvement of recombination efficiency due to a decrease in

current leakage with increasing dot density.
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Fig. 1 AFM images ((a) — (e)) taken after each process
step as indicated in Fig 1 and corresponding schematic
illustrations ((a’) — (e’)). Typical AFM images of
pre-grown Si-QDs ((a) and (a’)), subsequent Ge
deposition ((b) and (b”)), after oxidation at 600 °C ((c)
and (c’)), after annealing at 1000 °C under vacuum
condition ((d) and (d’)) and subsequent Si-QDs
formation ((e) and (e’)).
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Fig. 2 AFM images taken after Ge deposition onto
pre-grown Si-QDs (a) and after Oxidation at 600°C (b) and
corresponding schematically illustrations ((a”) and (b)).
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Fig. 3  Electroluminescence (EL) spectra from an
Au/self-aligned Si-QDs/n-Si(100) diode, which were taken
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Bit Patterned Media for Magnetic Recording
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L1, FHOD CrPts 12 30 keV O Kr'A A v Z W2 Z & TA A U MU S 2 — VA (R L7z, /3%
— B e i AR OB I K VA L7z, LL A% 0 001 EHTICHIER L 72 W5 1 24581
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W= R A MG B L. WERE RS, AL, LLASEROERBEEIIK 5 nm & S
i, AFUVEHEWVWI HFRICR Y GEERE Yy "NF— VAR R NS Z & Z2 R LT

Ion beam patterned CrPts films were prepared by Kr* ion irradiation at a dose of 2 x 1014
ions/cm? onto L1z2-ordered CrPts whose surface was partially masked by electron beam patterned
resists. Cross-sectional observation using transmission electron microscopy was carried out to
study the patterning boundary of the CrPts film. Dark-field imaging showed a distinct contrast

between non-irradiated (L1: phase) and irradiated (A1l phase) regions. The transition width
between the two phases was estimated to be about 5 nm, which indicates the possibility of future

high density bit patterned media fabricated by the ion irradiation technique.
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Fig.1. Cross-sectional TEM observations for ion irradiation
patterned CrPt; film on an MgO substrate: (a) bright-field
image, (b) diffraction pattern, (c) dark-field image obtained
by using CrPt; 100 reflection. The line profile of the
brightness along the CrPt; in the dark-field image is shown in
(d). The inset in (d) shows the magnified profile at the
transition between the irradiated and non-irradiated regions
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Preparation and characterization of potassium titanate photocatalysts
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Potassium titanate photocatalysts for photocatalytic steam reforming of methane (PSRM; 2 H20
(g) + CHs — 4 Hz + CO2) were prepared in a solid state reaction method followed by loading
precious metal nanoparticles as cocatalyst. Some characterization revealed successful synthesis
of K2TicO13. As for the cocatalyst, rhodium cocatalyst exhibited higher activity and higher
selectivity than platinum cocatalyst. In addition, it was revealed that the bifunctional rhodium
cocatalyst could be formed on the potassium titanate photoctalyst by an aerobic photodeposition

method.
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Fig. 1 XRD pattern (upper), SEM image (middle) and
UV-vis spectrum (lower) of prepared potassium titanate
sample.
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Characterization of Metal Cluster Catalysts
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The oxidation of CO was performed using physical mixture of Ru metal powder and various metal oxide
supports after calcination in air and reduction in H2. Among various supports (CeO,, ZrO,, MgO, Al,O3, TiO,,
Sn0,, and SiO,), only Ru+CeO, showed very high catalytic activity for CO oxidation with the light-off
temperature below 100 °C, which was comparable to Ru/CeO, prepared by a conventional impregnation
method. It was revealed that the high catalytic activity for Ru+CeO, is attributed to the high dispersion of Ru
on CeO,. The original Ru metal powder having diameter of 36 nm was dispersed during the calcination leading
into small Ru particles having diameter around 2 nm. Raman spectra indicated that the formation Ru-O-Ce
bond after the calcination is one of the key for the Ru dispersion. It was proposed that the self-dispersion of Ru
into nano-particles was caused by oxidation of Ru metal into Ru oxide in air, then dispersion of nano-sized Ru
oxide by forming Ru-O-Ce bond, and finally conversion of Ru oxide particles into nano-sized Ru metal
particles in a flow of H,.
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Fig. 1. Conversion of CO into CO2 over (e)
Ru(2)+CeO,, (o) Ru(2)/Ce0,, (0) Pt(2)/CeO,, and
(m) Pt(2)/A1,0; as a function of temperature.
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conversion over Ru+Ce0O, at 100 °C.
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Study on fabrication and evaluation of functional nanowires
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Along with microminiaturization and high integration of nano devices, a wiring technology based on nanowires
is paid attention as a new connection method. It is important to understand the crystal structure of nanowires for
using them as the component of nano devices. However, the researches about the crystal structure of nanowires
have not been studied well. In this paper, we fabricated Au nanowires by a template method and observed them

by SEM and TEM.
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Fig. 2. Schematic diagram of electro-deposition.

Table 1. Conditions of EB-evaporation.

Emission Evaporation

) Thickness, nm  Time, min
current, A rate, nm/'s

Metal  Pressure, Pa

Ta 22107 150 10 50 10
Cu 2107 50 10 200 20
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Fig. 3. SEM image of Cu nanowires in a top view
after the etching.

Fig. 4. TEM image of Cu nanowire
after ultrasonic cleansing.



Fig. 5. TEM image of the electron diffraction pattern.

2 nm

Fig. 6. TEM image of Cu nanowire with (111) direction.
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Development of the device emitting and detecting THz wave on a wafer
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Terahertz electromagnetic wave is expected as a technology that can identify materials and evaluate electrical
characteristics of them by nondestructive and noncontact way. It is also possible to distinguish cells by
measuring the complex refractive index and the complex dielectric constant of them. However, the technology
that obtains the high-intensity signal has not been established yet due to its weakness in water in the air.
Therefore, we proposed the device which can emit and detect THz wave on a wafer to lose attenuation by water.
This paper reports the way to make the low-temperature grown GaAs (LT-GaAs) used as a substrate of the
device. Moreover, the surface figure of them was observed by RHEED. Additionally, we made waveguides on

substrate by Lift-off method.
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Fig.1. The surface shape of GaAs after pre-baking.

Fig.2. The surface shape after removing surface
oxide.

Fig.3. The surface shape after growing GaAs buffer
layer.



Fig.4. The surface shape after growing LT-GaAs at

300C.

Fig.5. The surface shape after annealing of LT-GaAs
growing at 300°C.

Fig.6. The surface shape after growing LT-GaAs at
250°C.

Fig.7. The surface shape after annealing of LT-GaAs
growing at 250°C.

Fig.8. The resist pattern after development.

Fig.9. The enlarged figure of Fig.8.

Fig.10. The gold pattern after lift-off methods.
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Fig.11. The enlarged figure of Fig.10.
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The interaction between the tungsten and plasmas with noble gases and its hydrogen isotope
retention properties were investigated. Helium irradiated tungsten had a strong fluence

dependence on the hydrogen istope retention. Ar and Ne irradiations to tungsten were conducted;
it was found that they did not lead to the nanostructure formation different from the cases of

helium irradiations.
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Tungsten oxide nanorod targeted for applications in electric devices were grown from tungsten substrate
heated in an oxygen atmosphere . However, the selective growth of tungsten oxide nanorods has not been well
demonstrated . Therefore, the growth control of tungsten oxide nanorods is not succeeded, and it has not put
into practical use yet because of not obtaining uniformly materials. In this study, selective growth of tungsten
oxide nanorods was successful with selective with selective surface oxide layer etching, which is not needed for
growth of tungsten oxide nanorods.
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We investigated the electrical and electronic properties of carbon nanotube (CNT)/n-type 6H-SIiC
heterojunctions formed by surface decomposition of 6H-SiC(000-1). Consistent with previous results,
rectifying behavior was observed in current-voltage measurements, with the forward direction occurring at
positively biased CNTs. Photoemission measurements showed that the CNT film were metallic, indicating the

possibility that this heteroujunction is Schottky type.
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Fig. 1. IV characteristics of the CNT/n-type 6H-SiC
heterojunction measured by adding a bias voltage
betweeen the Au and Ni electrodes. The bias voltage is
positive when the CNTSs are positively biased.
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Fig.2. PES spectra of both CNTs and Au near Fermi edge are
shown. The binding energy is relative to the Fermi edge of
Au.
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We have found that the ammonium salts prepared from bulky and hydrophobic
N,N-diarylamines and sulfuric acid showed high catalytic activity for the dehydrative ester
condensation reaction under aqueous conditions. Although ammonium salts prepared by
mixing N, N-diarylamines and sulfuric acid at ambient temperature showed poor activity, heat

treatment of the inert salts at 80 °C for 30 min produced the high active catalysts. It is

conceivable that N, N-diarylammonium pyrosulfates are generated as active species.
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Scheme 1. Dehydrative ester condensation in water
catalyzed by hydrophobic N, N-diarylammonium salt
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Effect of substrate bias voltage on the hardness of diamond-like carbon (DLC)
film deposited by internal DL.C coating
with microwave-excited high-density near plasma
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Graduate School of engineering, Nagoya University
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The structural transitions of silicide nanotube at high pressures and high temperatures were
investigated by in situ x-ray diifraction technique. The observed structural sequence in nanotube
is different from that already known in bulk materials. This is due to the fact that the same
structure is observed at the same volume region in nanotubes.(about 100 words, Times New
Roman-10.5pt.)

HRLHAEBR: (REE- SmAMEZBNLL 9
HHEAYELYRT AV —HR> (DLC :
Diamod-Like Carbon) [I5%% FE®Eh &0~ L,
IREEEALIC K D = L X —BRECM A M 1) 1
IZ L DEB L OEF b a gl T D 2 L ICEER
DEFEBBEFE > TS, DLCIEDOIEKRIZIZT T Z
R RoA F v OIS N LB L 72D, N
[H~DODLCAEIZ Z>E b W MBS 7
A<CVDIENER IS 23, ENFETHWED
WL 77 A~ AR CE 20, &L
TFIRASDEFHEEICEREN TV &
D AN ONMEIZDLCZ B L7z iF v, XV
BETEBEDT I AEMNDIVLERDD. &
DL BRBATHRLIL, IV A= LA XD
W T 7T A~ %22 E L CAERMEER LINE~D
DLCREEA AT O DICH L=, ~A 7 ajEhid -
BT T A~ ARk (MVPIE) & BHR L
7.

R

ZIET, MVPIEIZ X 21T EIDLC AR,
ix, 23 IR T OWNEI &M A AT 59
A0 SN TE . MEMHD - HIZE%
L 7-DLCHEIE, ARERELREOMEREM: &\ o 72
BE S L ER B A A TE LT, 20
FETHEHA YT X—, #h%Z, ﬁ&@%%%
SN IE H TE 720, £ 2T, MVPIEIZ
#M 7N ERIDLC R AT I ;of&ﬁénéML
B B 7o FREN R (BRI AR SR, R, (K
WEEFESR, mWEERE, BLOENL O
W O¥—720540) #5352 L2 BIELE.
BRI ZIIARER TIX, HIR A 7 ADHEINI
KoM E b EI Y, Eh L. F70, mEEHN
DEN % T~ o IEIC X DT 2RI LT

>77.

27 X~CVD TR S 5
DLCHEIX, A A 7 A8 E & & IR



DN 5 L Wb TWa. 2 THERASAT
A T WEAEE £ TD-200 V5D, A4EFEIE-300 V
(ZHEAN & A CNSERE B O AN 2 5k A 7.

X 113 MVP 5202 K 287X DLC il
EOHBRK THD. Fx o N"—FAT7 L2l
THNEL150 mm, EHE190mm TH Y, FBRMIC
BHEN TS, Fvy o "—D FERICIT 245
GHz D~ A 7 a8 ANT 2% 72 Ol fihE
ﬁﬁ@ﬁi%hf%@ ~A 7 ulEiEiET b

AR Al LT, R b BZE [~~~ A 7
D&ﬂ%ﬂéhé.%ﬁf%éﬁﬁﬁ@ﬂ47
WA TS BIZRRE SND. A 7 oA L
INA T ASOENA T AN Z[FRHZATS Z 21T

0, KM6IZRTEIATONm TS T X
~IWNER SIS,

AIEEZFHA L TLLFOFRINET DLC k%
1Tolz. ETHAEREM THLANZ44mm, £
X 50 mm DAT L AR 7 (FEOVME 1/4
A F, ME :SUS304, BA ALBE) %, Tk k
VHRTCHEERESRL, Ty —RNIZkEy bL
7. 0%, u—2 =R 7 IZkoTF ¥
N—WNEH% 1Pa Kiili £ THER L7z, I, Ak
A %R 1 OWETH LI BT, Fyi—
WIEF1% 80 Pa lZF#& L7=. &iZ, RITRTE
— IR =D~ A7 aE T E DR E
Duty bt T/ ZARITEA L, [RIRFIZ B N A 7
ABIEZF CEEHE Duty TR
A ZIWZHIL, MR NEIC T 7 A~ sk LTz,
A TN~ DLC k% 120 43T - 7=,

R, BLO, BE: K1 OMESFIMEATH

i & N IZDLCIED LB T 2 2 X 2 127

REBENSGH LXK 912, DCNA T A%
72779, IEOFREIZIZTZNE TODCAAA T AT
DRI & IR T ¢ > 7 VIRV A3 R S 4T
W5, RIEL— MIX 31T LI, AEO
SAETFTHINL. LLEoD X 5 2R A4 5
AT T—varyTatllLizE Z AKX 4T

JR9 D (ZHh T 1) oD 42 R T C A EE S EE N L 7=

ZDZE XY FERASA T A BEOHEINHIERE D
HIMCEZTH D Z PRSI, LavL
NG, NAT A%-300 VELEIZHINT 25 &7 —
XN LL 0 T —IENEM E TEL,
FlEE T # DLCIRE C& 5 Z L nNEEIZ 72 >7- (B
HCTHEMOBEHNHER T DI RRETH-

72). THUC KD, AEREOFEER TRk T & 7o
X, —300 VIZEIT Hz=45 mmTO 13 GPan
KThHot-.

INA T AEOEEINAE D BEDOTEE AL D EK %
RETT 5 72 DIZVBLOBMEL 7 ~ v o3 o prds
BEIZL VDT~ AT MV EEFRILEZ (K
5). —200 VO & L7 ffEoD e — 2 (1350 cm™

. CH, TMS
rtz wind .
Quartz window A l H,

DC power
supply

Tube specimen

Radiation
thermometer
(IR-CAP2CS)

Pressure gage
(Baratron)

Leak valve Quartz

window

Exhaust

Valve Y I N Vacuum
A | { — 1 I b
T
1
:‘ = -Mode converter

Rotary pump N-type connector
Coaxial cable
(RG-14A/U)

Microwave
2.45 GHz

Fig. 1 Apparatus for internal DLC coting of mm-sized
narrow metal tube, employing microwave-excited
highi-density near plasma (MVP method).

Table 1 Coating condition

EHA(SED Z4B(REEE)
Gas Ar, CH4, TMS Ar, CH4, TMS
=14,2, 0.2 sccm =14, 2, 0.2 sccm
Microwave (2.45 1000 W 800 W
GHz) Peak power
Pulse Frequency 10Hz 10 Hz
Duty ratio 1.0% 3.2%
Plasma on time, 1.0 ms Plasma on time , 3.2 ms
Plasma off time, 99 ms | Plasma off time, 96.8 ms
Substrate bias -300 V -200V
Substrate SKH51 SCM420

(MEERE)

z=45mm | |
z=25mm |

z=5mm \'

Fig. 2 Phbtograph of DLC-coated specimen and optical
microscope images of DLC at z=5, 25, and 45 mm.
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Fig. 3 Axial distribution in deposition rate of DLC film,
measured for DLCs A and B.
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Fig. 4 Axial distribution in indentation hardness of DLC
film, measured for DLCs A and B.

Gas: Ar, CH,, TMS =14, 2,0.2
\oltage: -300 V, Duty: 1 %
Pressure: 80Pa
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Gas: Ar, CH,, TMS =14, 2,0.2
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Fig. 5 Raman spectra of DLC at z=10, 25, and 40 mm,
obtained for (a) DLC A (Substrate bias —300 V) and (b)
DLC B (Substrate bias —200 V).
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Fig. 6 Axial distribution in FWHM of G peak derived
from the Raman spectrum of DLC film, obtained for for
DLCs Aand B.
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Create multi-layer microfluidic devices using RTV615
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Create two layers and the fixed side of the foundation by using the RTV615AB. Completion of two
microchannel layer is integrated by heating to align the two layer.
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