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Single Quantum Dots on an Optical Nanofiber
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Recently thin optical fiber with sub-wavelength CCD

diameter termed as optical nanofiber is becoming a A Lens
promising tool for manipulating quantum states of light mﬂﬁalf mirror |
APD2

Fluorescence || aser

and matter. It has been experimentally demonstrated that  photons ! | =
single atoms around the nanofiber can be easily | om lZ

observed by detecting the fluorescence photons through Ranofbel: Raglon L

the guided modes [1]. Such a technique can be  Fig. 1: Schematic diagram of the experiment.
promising not only for manipulating natural atoms but also for artificial atoms (quantum dots).

In this paper we experimentally demonstrate that single quantum dots (g-dots) on the nanofiber can be
detected through the guided modes. Using photon correlation measurements and Optical Multichannel
Anayzer (OMA) we investigate fluorescence lifetime and emission spectrum of single quantum dot on an
optical nanofiber respectively. The schematic of our experimental set up is shown in Fig. 1. The dots are
placed on the nanofiber by

dropping the g-dot solution on g' 80, (a) __Ghe (b)
the nanofiber. The g-dots are & | || |
i i = | £, A
excited using a 640 nm laser = i W 'ﬂ' 00014 g
which is focused on the @ 4of'| ' q"’ﬁw w |*,; B
nanofiber using a microscope § | )\ f S 4 +4
N 20
objective. The fluorescence of 2 ‘I 2 loms
the g-dots coupled to the .g 0! : . g 0.0100— :
- ; 200 0 ' 200 400 0o 1 2 3 4 5 &
guided modes is o.bserved. a o Delay Time [ns] Intensity [kW/cm?]
the ends of the. fiber using Fig. 2: @) Coincidences between fluorescence photons as function
avalanche photodiodes (APD). of delay time between the two channels. b) The intensity
The position of the g-dots on dependence of the rise rate of the observed photon correlation.

the nanofiber is marked by monitoring the photon counts while scanning the probe laser aong the nanofiber.
To quantify the number of g-dots we investigate the photon correlations at each marked position. The
typical photon correlation for single g-dot position is shown in Fig. 2(a). The observed antibunching of
fluorescence photons at zero delay clearly demonstrates single g-dot observation through the guided modes.
One can estimate the fluorescence lifetime of g-dot by measuring the intensity dependence for the rise time
of antibunching signal. The intensity dependenceis plotted in Fig. 2 (b). Vertical axis denotes the inverse of
the rise time. One can readily see alinear dependence. By extrapolating the excitation intensity to zero, we
obtain the fluorescence lifetime to be around 91 ns.

The observed highly non-classical behavior of the fluorescence photons suggests that such a system
with single g-dot on nanofiber can be implemented as an efficient single photon source. However to realize
an ideal single photon source we must further improve the coupling into the guide mode and also further
investigate the emission properties and blinking statistics of the single g-dots on the nanofiber.
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Plasmon-enhanced electron field emission from gold sharp tip

Kentaro Iwami, Arata lizuka and Norihiro Umeda
'Department of Mechanical Systems Engineering ,Graduate School of Engneering,
Tokyo University of Agriculture and Technology

e-mail: k_iwami(@cc.tuat.ac.jp

Electron field emission properties of a sharp gold tip under continuous-wave (cw) laser irradiation at the
plasmon-resonant wavelength are investigated. The current enhancement factor of plasmon-resonant laser
irradiation ranged from 13.7 to 217.

Laser-assisted electron field emission (FE) have attracted interests because of its ability of the current
enhancement and optical modulation of emission. However, few contributions of the laser irradiation for
the FE have been experimentally reported. On the other hand, plasmon resonance has attracted significant
interest due to its ability to achieve strong electric-field enhancement in the vicinity of noble metals with
nanoscale dimensions. In this paper, we investigate the FE properties of a sharp gold tip under cw laser
irradiation at the plasmon-resonant wavelength.

A gold-coated tungsten emitter with a tip radius of 100 nm is used. The plasmon-resonant wavelength of
the tip obtained by a finite-difference time-domain calculation is around 530 nm. Thus, in order to
demonstrate plasmonic resonant feature, [-V characteristics of the emitter under laser irradiations at 442,
532, and 633 nm were measured. Fig. 1 shows the schematic of the experimental setup.

The intensity of 10-W 532-nm irradiation at the focal point was 13.9 W/cm?. Fig. 2 shows the I-V
characteristics of the emitter obtained without and with TE-polarized laser irradiation at 442, 532 and 533
nm. Since all plots well agree to the exponential curve, the nature of electron emission can be originated to
field emission. TE-polarized 532-nm irradiation shows the maximum current enhancement ranged from
13.7 to 217 despite its smaller photon energy and intensity compared with the irradiation at 442 nm.
Furthermore, from Fowler and Nordheim analysis, the emission area and effective work function are
minimized under 532-nm irradiation. This result suggests that electrons in the vicinity of tip apex is
confined and effectively exited due to the plasmon resonance. Fig. 3 shows the current dependence on the
polarization angle under 532-nm irradiation. The applied voltage is fixed at 210 V in this measurement.
Current maxima are obtained at TE-polarized angles. This feature is able to be attributed to thermal field
emission. From the energy dispersive X-ray analysis, these results can be attributed to plasmon resonance.
The possible mechanisms of plasmon-resonant current enhancement are considered to be the effective
photo-assisted field emission and thermal field emission.
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Fig. 1 Schematic of experimental setup Fig.2 I-V characteristics Fig. 3 Current dependence on
polarization angle
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Holographic reconstruction using spatial intensity correlation

Dinesh N. Naik, Rakesh Kumar Singh, Takahiro Ezawa, Yoko Miyamoto, Mitsuo Takeda
Department of Information and Communication Engineering, Laboratory for Information Photonics and
Wave Signal Processing, The University of Electro-Communications
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We propose and experimentally demonstrate an unconventional holographic object reconstruction scheme
harnessing the correlation of distributed coherent photons of stochastic light like speckle for the first time.
In the concept of holographic reconstruction introduced by Leith and Upatnieks that involved a coherent
illumination of the hologram, the information about the encoded object is present in the diffracted field
itself [1]. Recently Takeda et a proposed and demonstrated an unconventional holography called coherence
holography where the reconstructed object information is present in the mutual intensity or the coherence
function of the field [2]. Their reconstruction scheme involved a 2" order correlation of the optical field
using an appropriate amplitude interferometer that measures the coherence function. The proposed method
uses the 4" order correlations of the optical field to reconstruct the object using an intensity interferometer.
To the best of our knowledge, in the present techniques involving intensity correlation, the photons are
correlated in time as coincidence counts are the basic parameter that defines the extent of entanglement or
correlation depending on the nature of the photons [3,4]. The uniqueness of proposed method is that we
correlate photons distributed in space, not necessarily in time. The advantage in this case is that there is no
need of state of art photo detectors that are usually needed for coincidence counting experiments. A Fourier
transform hologram shown in Fig (b) synthetically generated using two off-axis letters J and P placed at
different z locations is displayed on a scattering plate like ground glass with the help of a spatia light
modulator LCOS-SLM (HoloEye Model LC-R1080). This field which simulates an instantaneous field of
hologram illuminated by pseudo thermal light is Fourier transformed by lens L3 with a focal length 500mm
and the speckle intensity | (X, y,z) is recorded on a 14-Bit cooled CCD camera (BITRAN BU-42L-14)
having the image resolution of 2048x2048 pixels. Under the assumption that field is stationary in space and
the statistics obeys Gaussian random process, the correlation C(Ax,Ay,Az) reconstructs the object
recorded in  the  hologram. C(AX,AY,AZ) = (Al (X, Y, 2)Al (X+ AX, Y+ Ay, Z+AZ))  where
A%y, 2)=1(xy,2) -1, T =(I(xy,2)) and {(...)=[fdxdydz. Fig (d) shows the autocorrelation of the
speckle intensity at z=0 plane giving C(Ax,Ay,Az=0)which reconstructs the letter J along with its
conjugate image. Figures (c) and 4 (e) show the cross correlations of the speckle intensity at z=0 with that
at z=5mm plane giving C(AXx,Ay,Az =-5mm) & C(Ax,Ay,Az=5mm) which reconstruct the letter P and
its conjugate image respectively.

HWPL

(e asaH- " @
(¢]
Hwp2 L1 El S L2 Ground glass L3
SLM 1PBS CCD

f1=200mm f1=200mm f2=300mm f2=300mm 3=500mm £3=500mm

(b) © (d) ©
Fig (a) Experiment setup (b) hologram(c), (d) and (e) the reconstructed object given by C@x, Ay, Az }vhere Az = -5mm,0mm and + 5mm respectively.
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1 [ZE®IC
KRR (R B AR R) 2 [ R BLI T 21213, TER OFRW BT 2 T LT3 812 L0 (K
L, b= E 2RI HE@En 77 7 v RS &, IREREZEIC K D ESGEREB) D A
«/7»/4’%%#ﬂxé{&2@ﬁ1ﬁ;‘w75m¢%f&;é Lorl, EITEELD 10HM1bHE<, =D
KXo F A o7 LU UERIZIE M10000rms #55E ORE ST, HFFEAF DN L 72 D MK EE
Thbd. Bxld, TOMPRKE LT, BEAE S EELRELZAIC ZETOﬁﬁk%/XTﬁ
VAR LM 1), GEEIESHT AT (UND T, BB LS THIE SNtk 4 2 ol
ST, ﬁf T&ﬂm’&ﬁﬁx(#xﬁ’r L CArm2<Arm1)F VT SE 5. 2k, EEGIE, K
HEC A2 2258 (B 2.0 1/100) &2 7% LTt s & & big, Wil ONFIEER ALK S,
2 *ﬁ@Tﬁﬂafm)%fxéﬁfats@(mc)fﬁﬁrm*é ENRHREL 72 5. PAC #% O, Fu
T L VR 1/100 %5, MELFEOMIERA/1000rms £ THIIESILTWAH 728, D D
X AF w7 LY 8MTIEM1000rms DFEE % b o%kiEa w77 7(FE x4 X3 =x v 7 F
VTSGR 2B THORRARE S 70D . ATIENFORKOREIL, 10 HrOEXOT=DIZH
WD IR DO FSE 2, £ 1 #70/10000 rms DA/1000 rme)fEfMTE 52 L TH 5.
2 SERER-H#ER
RIS & JERT RS LTV TEREE, MifEeR (RIS EFmtE W), 3 koY=~ v 7 Tt
DNEICEE L, SEIFRICIT L —9e2 W=, Arml O, £721X Arm2 O, [l )7 % > 7= UNI
%, A TEH(32 777’“;;»*ﬁ)’%ﬁﬁb\f_uW’@E(PAC)?&@ 4 SO I1% 656 > v 7L b
7/{Eiﬁﬂz Y TCHIE L2, UNI 2LV 3.2x102 DG & & HI2, (VAHIREREZED 6.7 f50E

EEHSE © 4.3%>16%, (AHFRZE : M110rms >N/ 16rms)Jik X1, PAC 12X Y 0.18 (FUEIEHE -
16%95 5%, NFEFAZE : AM16rms>A/96rms) DMHIEE L7=(X 2). Z AW O HFAFENA(6.7 x
96)rms = A/653rms |[ZHE SN2 & EEMTHD. T, BEEMNGFED 3Ry =Y% v 7 L
FiEt 2% anF 275 7L LTRE L, UNI-PAC 12 k& A FIRIEERZEDORIEIZ LY, 2Ly 7L
MNOISFE NS Z L 2R Lz, HUE, RIEMEN~4%, (A EN~M100rms TH Y, MiE
v{&‘zv]@rﬁjﬂ:ct DEBIZARY IV ) A AR T 5.

Eilaa
ARFFENE, A BB, Lyu Abe X, /J\%’:QF%?‘TEE, HAT T HHEZ %, Alexander Tavrov K, &
Eﬂj’é?%%ﬁfé@ W, ZBhEEREEE L. ZoOBERBMEY UTEMLEBE L EF £, £72, A

JEI, FHFZE(No. 20656013, 21360037), JAXA FAHUBS RIS IR, SAARIFHINTIE B 4517 (22 -
7578)@%572;4 7. ARFEBRIIE N R SCH et o 2 — R EREIC Tz,
E=ST N
1. J. Nihikawa et al., A&A, 489, 1389 (2008).
2. K. Yokochi et al., Opt. Lett., 34, 19851987 (2009)
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[H]

BEPERL 713, DNA, Z 7 BEDOAEKGFE1203T T 4 L A0/ ORI - it Z T T &
L. IBESHWHR TV D, BEERLFORKROF R, A XKD - FETE228T
HY., SHICTNGOBRMEZ LEBMEICHEETE 2R TH D, AEETIE, Fa 2 MA I
LT E TR BT D31 AT B D B RO BET ¢ A7 LA Fidfi, KO
fa Sy B~ OIS B L TR 5,

[ﬁ/ﬁ&@%%] magnetotactic bacterium

BIRNIZT ) A Ao~ T2 XA b EERL NS polypeptide
T AN, BRI X & - RSSO "essenns. mns13 J’ﬂmmc
i o T2 REMERL 1 (A A ) Wbk ) &4 - Transformation S T
BT 5 LM BND, Fox ITRETERTEE o Pmms16/
AR DHAERFICHE R L, AT TR 7 e, 4 :
I TN L )RR A LS A ﬂ cacton ‘
BEMERLF DRBUZE F LTV D 12, £DOFE Bacterialmagnetic b
L LT, S AT Rk 7 B SERAFEAE particles (BacMPs) J7[ProteinG
ToL LT EERY (T =) & LR O°°O é\ .
F L. W5 FaHiic & oEm s oo g > chl\ NS polypeptide
LRBEER - il BEUETF 27U P OB L wmes
BEHTCI D, AN 5 >/ HOH separation

HI7ZREXGI N AIHECd O TEPERMLZHERF L7 Fig. 1 Schematic diagram for the production of
RHECRL - F~Z LT ET 4 AT LA bacterial magnetic particles displaying protein G..

THIENARETH D, AWIETIL, R 60 B AJHIRL 2 BEZFH ATRE 72 S RENE 1 A5
J MR- 2 B%E LT, FUR L OFEGMA7RT Protein G, K OGO FE4s ZLAYIE A A i T HE
72 NS RYRTFF Rea— RT8E 127 v 1—BE o e8I 235 L, Bt
MEIZEA L (Fig.l), 307 BEEHA) DGR 2l L, CD19+ fila (B #iflw) %
BT D72 DIZH CD19 HFUR A B A U Te, ARBEMERL 2 W CERIE ML H O B flifu o B B4
ITolefEiR, NS RYUXTF REMMERARIENIZT 4 A7 LA T 52 & TRIBIMOBFERL~D
R B S 3N S 4L, 95% LA B o mifiEE T CD19* Al D BEIC BBl L7z 3, ARBFFECTHITE L

To/SA T 7 BEPERL 13 B BRI R L s b =R &3 5 — 07 T B BN IR IR R A IR A&
LRWKLFTH Y . RIS DR DS~ ENTH D Z LRSI,
(2 3CHR]
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A H OESFAEWFEES I COMSEE Taot) 7< LTUIRD S22, SRSy 2R L
TR - PIEETEA 2 AMOFEBRTHO LR TEY [1], AP BWLTH, fura2 2 H
WTAEX TN O V> T MREELEZRET 5, BERES /37 B GFP Z 272 W TN T
OENA B 2 LT D, LWV ERIIESOTL RN TE L o Tz,

WA 7 e LTE S 2 L OFEO— DX FDBE DR & T, RFEROL BN
PO LV IFETITEAESD F 1O F LV OBET S ARETH 5, L LEMBARBLEND
S OICEBEZOIL, whD T ORESCHIAIZL > THEERHE, 7720 b RAT FMAVRERD &
FETH D, fua2 lICL BN T AR EIF, AN T AEREETH L THIEANRYZ Muny
TZhTHZEEHWELOTHD, £, BRHAXRT M EROTn—T ElAGDE T2
Dbz T550)) LCRBEERTIZELAETH D, B 7 o —7 &R
HERE, XL AT MARKELL AR LB, TNENOHET ¥ 2/ E LTHWVD
STFNDIRAN (VA —7) BV R - SR REEARSONEARTHD, Lo LERE
IR TE 2 7 e — T OB FZROFIROT-D, 702 v—7 O ER EORENRK
#HoZ L v E, ZORMBIXRRERT 2 70 —7 808 % < 2513 EXARIICEZNE L, B4
I A M= DRWHET ¥ FVOFETEE ERAGEICR D, (o> TEHHEED T v —7 DA
WEDKIZIE, 7aA =0 DRWMET =X %25XH5LT0L0b, ZJuA M=o NEEND
T A RINNOZNEND Y T F N E5EET 5 FEEET D FDRERENTH S,

AOE T, < OO DIRIET D8NG ET —Z B &2 DAY SV & 3B 5 )71k
(spectral decomposition methods) ®—fil & LT, ZEEMITHIFIED 15T 5 Paralel Factor
Andysis(PARAFAC) Z W=7 7' a —F & Z Offifa BB F2BR~ DS I DWW TR 95 [2],
Excitation-Emission Matrix (EEM) BEBGHIG & Z O FiEICHOWT, LFDO L H Ry AT L%
LT R RTINS KRR T 4 N ZICX T BEL, #RIFET /) 7 A —2 TN LD
H Y =7 CCD & HIC LV e Rik% RRFERT 5, 557z EEM FER%17 — %12 PARAFAC
ETNET 4y bTDHIET, HFENDLMEL DG AT ML EZNEDFIERZFIFFHEET 5,
ZDVATAZEY AT FADRHEWZKRE S EERET D 0L, O DN IEREICSEECE 5 2
Ly FETBO THEEI LAY MU BB RE T D Z & AR LTz, H—~ v AJiHlE %
AW TIE, 4 SOWNRMESOLRS 23D 9 E O ORIREN TE /2, S HIT, B
AR SR AFEDO LI 7T F AR/ S T e —TICbIGHARETHH Z 2R LT
[3], BIEIZ R v g FILR ORISR & D I3 E S L — I — B 2 X— 2 L L= EEM
RS - fEHTS 2T A~DPEIRICEFE L TNAD T, FRHICONT B THET 5,

2% 3CHR
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1 FL®HIZ H R

BRI HTh 5 7T =1k, KERE A S

BITEY 7T = 2 WK & TN S EmH #&w“.ﬁ -
BR L. THHE B nen HEMEHT 2-4 #.° “n%ﬂ 4
K& 2ZLTr7 = MEHGHEBRT Z

% (Figure 1), i G, b Mltls 17 0% 1} Pat
— 5 —DK) 40%IZ. G4 TR LG ARSI Ay Y
FIET D Z & BN AEME RN NGRS T
51, ERRIC G4 DB TOWREICED S Z &
2 cmyc FEETORTHL N ER->TND Figure 1 ¥ 7= MEHOBEEXE FERIIKEHZESETT)
2, LU, G4 O EZHERT 2121E NMR fi#fT, X SRS ST 7o & 3Gl & 29~ 5 fEir 23 a2 C
HY . 5 FETIZ G4 TP HER S N IEECAI 10 FEERE S| X v, £ 2T, AR T iz@ﬁ
TR EETHER L B2 6D G4 OFFERIRKEZERNE L, AMEEZ RIS 2185
HHALEY (HH G4 VT R) ORI E G4 REBEIE~DICHIZ O W THRET LT,

97_J-g{$ FF7=—UmER (G4)

2 AmEER sf
MBI FAET 5 K% %0> DNA 13~ 8 o P
L UTHET B, “HEE G4 1M 4 FH ﬁ*lT,mﬁ%&+’ﬁﬂ€Ex i
DB IE D BRSNS e bt s L “Q BHREHL

ML TS, Tbh, G4 & EBEI Y § ,ﬁ
CHBIT B B BATFRORE 725, 2 TA ok@ o
R Tl G4 1Sk L ORI DM IR B ) B il

TRAAZRRFL L1BOD-7QTD

THZLERHOND, TR ARAZTF 3 (RER
HRAVOW) OBk 2 Rifl L 7= KB~ Figure 2 FOAREF 2 &ULIBOD-70TD DILHiiE

72 G — L TOTD4 (7 Oxazole Telomestatin Derivative) (2% L, BODIPY (¢ 'EHERL)
EREAGSEL L THIEGL Y W RE#RE L7 (Figure 2), ZffiZe 7 2 JBETHD LU v
L-U v HBEEE T HFEARICE Y. TOTD BHEAK LTIZ, ARAF— L DORKEBERE T
BODIPY EREEAZEA L, E%&Lt%%G4)ﬁyFLBODKWD%AﬁLtOﬁ%ht
L1BOD-70TD @ G4 B HHREZ iR 572012, BRI G4 2T D Z &b Ty 5 DNA #r
Aicxt LT, L1IBOD-70TD % {EMH &+, 77)»7\b7w$ KB 21T > 72, T DORESE,
L1BOD-70TD % G4 # kot & LCAfb T 6 Z &b otz, —F., G4 R LRV —
ARE{DNA, “EHHH DNA IZx L CRBDERZITo 72 & Z A SEEIE U S hho Tz,
ZDZ b, L1IBOD-70TD i3 G4 &R IS HE &, FIHET 5 Z LR broTz 5,
Bk
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1 FCHIC

RENOME GREA, B D a AUk GhEd) ITEERTHL 26 (R~ OFILER
To ZORHEETED LT, RENVEWHRIERIIAAL A A= ThRbED, I HTITA < FIH
INTWD, ZORHEXZ LB LFOMNIIEE TH D2, T H DR O HE O A
TR RMMATH 572, RENVEBRNTIZ, L7 =0 U (LH)DN ATP B LN O, & K L TA
F 7Y (OLH)D— E%ﬁt% %E%LT%%?% ZORISE T DR T

= 7 =B O FEBREY )Y OLH Ol sy OMEE 2 i L Thx o3tz aIREIC L TV D,
HO & S N ? COOH . HO ¢ s N O
\©[/2'2/]{ +A-|-p+ozm \©[/2'2/]/{ +photon+CQZ
N 'S 5 MgZ+ N 'S 5 + AMP + PPi
firefly luciferin (LHy) firefly oxyluciferin (OLH)

FOLEARBEIT 1960 £ White 512 L 24581285 E V. 2002 4 Branchini &2 &> T OLH @
T 2 ) 5— RT = A (OL)RRENAETH D LT HEERMANGE LN L Z ORI EFER
@71&5 FxIZOLH ® 55 AF LT F a7 (L-OH)ZHW Ty Mil7 = /) F— 7 =42(1-0H)

NI & T2, ZORER, AL OBLR D B I ChIERERE D 5y 7 AR % [ 6 2 Jn AL
#%Ehh@fﬁ¢¢é3OL@ FHIA AR RE[(OL ) | DB & %1 5 HIHY T

[F5 50 L B8R fx OREEE FAWTZ Y AF AT F a7 (1-OH)DIRIKIC 4 FEO AL 27 L <
1-OH D43 P E (BRI, #t) ZFi~7-, 1-OH OE MK () 1%, FhmiE & Ao
FREITS LT 541 nm (%) ~640 nm (FR) D fEIE TR A2 L, é%%t@&ﬁ@ﬁ@mﬁm
M) ZIEEDAN—F 5Lt OL P NEMRIEORNTETH D LE2HFHELTVD, E6IC
i%@k@z*»%-@ﬁﬁ&@%ﬂix~&~m@m®m%;D\HOHYkﬁw%ﬁy@\
EARPEAIE T TIX 7 U —A A FE IR A Aot & LT, eyt Cl3g b o A4 %t &
LCHIET D 2 Edbhnolz, Ko, Bfilig 4 dtNOREA DM EITE LT L BLRENKE
BT HZENHBMNE R -T2, bk, REZAOME ORI AHEEEIIULTO XL S ICE
EHHND ()EEEROREIZ S, MY = ) T — T =4 OL)TH Y., QT DREEITO
YOL ) A v oy FBEE DM L @QYOL ) &t F A L DFEE DM EIC L » T T 5, =Dk
a2 E, YRR

EDONT T = T —BNOIEEHNL O fRE

2 HOL)* Lt F 4 DFEATED K X \K:I> <]i \1:12 zji
SMTHETEDL, ZOXIITHZ LD

R D3 IAATEAVIZ DN T F LU D phenolate anion (OL")

AN ATREIZ 7R o T2,

EEB AN

1. B. R. Branchini et al., J. Am. Chem. Soc. 124, 2112-2113 (2002).

2. TR AN 7 =2 ) OMWENRFHIS5NT7= : Naumov, P; Ozawa, Y.; Ohkubo, K.; Fukuzumi, S. J. Am.
Chem. Soc. 2009, 131, 11590-11605.
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ZbA T AN s, T REDFEERFERDO 1 OTH Y | £0.65eV  (FELHE 1900
nm) O RF¥y v TR NAX—52F L, DOBETOANEEDPD TNSWIZ E0D, RIFZE
- B BERETT A ASOICHPRE SV TV DRI Et Ch S, LavL, BE
WCEABIZE S TV D ZEH U 7 A(GaN)X°, Edn B BB ENET L T DL ELT LI =Y
I (AIN)ZE DAL O ZEA LG ST b~ S R 3 D CHE L < | fEsh kBB, WrEfRe - HIE N2
TS BAE InN fE LR R 134 = £ % % o —(MBE)i%., A48 5 = % %3 —(MOVPE)
ETEEAITONTWAN, Fxld, EiE GaN, AIN JEEHS SO EEBEEICFEELH 0 . 1 KE
FO Ry 7Ly MBI, FEHHRORBIHEEN 2D, EWIREERT 14 N7
A REARRE(HVPE)EIZ LV InN fEACEY #lA TV 5, HVPE HEIT—f%I2, I ER 7O
ENH; TAZFEELE LTHY, 2O ERHEFP CRISS® D Z & Thim a5, HVPE iE%
72 InN FERR OHREFNT D72 <, InCly /N X — L VAR L7 InCls # A & NH; B O Z2FIH L7
R DA 72 SIVTWD[L, 218, ST F— B ORI D E S 9 Bk s h~ O 154 H3 8
Lo TWnD, £72, HCl TR & &R In OGS ZE W2 FE[B]TIE, HCl T AN AET HKE
NREEE 20 @E AR END InCl A & NHy H A L DOFUSDOYEMEBI/NE L, KRERKED
BREN DG LN TR, £ 2T, HAIFIINFETIZ, KEOHFELRWRT InCly T A% Hni
X InN O EHEEENFTRETH 5 & OEIIFE AL E S L1, EiE InN IS 215 5 72D O Hr
LW EEEAEE L, JFEHTIZC CCL A AL EE In L ORISIZE Y InCly T A ZARK L, liF
B CAERL L7z InCls H A & NHy A A ORIGIC LV . InN OfE S E 2k 2[4, 557z InN
R, Fo vy 7Ly B 7 U =R XL X —5 0.7 eV 23 5 it InN fEf TH 5,
BREICIE, BUBHIBIREE . B SRR (M AE L 7= InN B = OfEBA[4, 5], NH3 2k v 2k L7-H 7
7 A 7 FEM, (0001)Ga i} V000N [H % A9 5 GaN H W Z REMIFER E L THWD Z &
W2 L% InN fi b OWPERIEI6], k% 725 TICH 1T 5D InN OZZEM, KHE & DORIL[T]. &
EHLMILTE,

AR URY T ATIHE, ™A FT7A REAHKREEIZL D InN gk EICRT 2 2 v E TOM%ERK
RLfkBELHRET D,
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1 [ZC®HIc

SICR GaN DU A KX R¥ v 7RERIE, IR RT —F S 2D S AR S Uik
EHED LI TND, ZO—FHT, T DOYEEMEZ FHWTER L7 & A A — Rk, #3A
T ARETOY — 7 ERNPIEF IS, BRBER O MG R ERE LThEE L T\bd EEx
HILH[1,2], Fxix, SIC ¥ A 4 — RO #stigs & LCOIHEZ BIIZ, XA 4 — RO/ERLE
& O FEHRAR R O R 2 FONCIFFE R 4T - TV D, AR TlX, vk Tlol b= iFgEK
BO—FIZHONWTHENT B,

2 MEHRBRHFBOERSTEOFME

OIS & LT p 4 F— R&fER L7, V35001 n 8 6H-8IC = & %+ L
T NTh 5D, FEHEFRER D 300 nm FREOMHEKICT LI =Y A5 A A EAL, (EHEIELT =—1
EAT5 L TOREER LI, £, 7/ — RBLOH Y — FOEMIL, T4 3= 8&RET
52 LTk DR U, BREE VA RAEE OV 2 WET 5 2 & T, (R Ly
TIISHAM IS A = REEA 7T 2 L A TR LT,

(L U 72 1 A — RO BSHRR IR % | PR TER T A U & AEUAM)D B i S5
T7 7 i Het) & AV TIHE L7z, FHIFERIIKOMY Th o, FA 4 — RICHiAL 7 AEEE
FINL., 22 @A LIZREET, T 7 7 Ma AF ST, AW LT 7 7813, EHEEA
IZ &> THA F— RN CREOEFEL

i#%iﬁﬁ”%)o Eﬁi é ﬂfl%%E?Liﬂi?i 3000 6H—SiCI p*n diodle I I I a
BOEBEBRICLSTHEE FU 7 F&ah, £5F Reverse BiasleO\Z/41 y
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Temporal and Spatial pH Variation Measurement by Near-Field

Fluorescent Ratiometry for Observation of Mitochondrial Activity

Yongbo Li', Yasuaki Kanazashi', Kentaro Iwami', Yoshihiro Ohta® and Norihiro Umeda'

! Department of Mechanical Systems Engineering, Tokyo University of Agriculture and Technology

? Department of Biotechnology and Life Science, Tokyo University of Agriculture and Technology
E-mail: 50009643233 @st.tuat.ac.jp

Temporal and spatial pH variation in the vicinity of mitochondrial membrane attracts interests due
to its influence to the necrotic cell death. To measure it, a novel method combining dual wavelength
fluorescent ratiometry with scanning near-field optical microscopy (SNOM) is proposed and developed.

This method utilizes a dual emissions pH-sensitive dye and SNOM based on a thermally pulled and
metal-coated optical fiber probe to improve the spatial resolution. The pH sensitive fluorescent dye
(SNARF-4F, Molecular Probe, Inc) which has two fluorescent wavelengths at 580 nm and 650 nm was
used. The relationship between pH and fluorescence intensity ratio (FIR) has been obtained as shown in Fig.
1. From this, FIR drastically changes between the range of pH from 5 to 7. This range is suitable for the
experiments using mitochondria.

Subsequently, the temporal fluorescence intensity ratio (FIR) under the response of mitochondria to
nutritional supplementation was studied by using this method. To activate mitochondria while the
experiment starts until a certain time, a mixture of malate and glutamate (both 5 mM, 100 pl) was dropped
into Tris buffer solution (1 ml) in a dish whose surface is coated by mitochondria. While the dropped time
is treated as t = 0 on the time axis, Fig. 2 shows temporal variation of FIR with respect to probe’s distance
from mitochondria’s surface. Activation of mitochondria and a distance-dependent delay in the FIR
response were observed. While the probe is near to mitochondria, the ratio quickly becomes to increase.
Simultaneously, the ratio of dead mitochondria (h = 30 um deactivation) which compared with living
mitochondria (h =1 um activation and h = 30 um activation) almost unchanged.

In conclusion, the results confirmed that mitochondrial activity can be observed by using this method.

1.5 " 0.6
§ ~05 | h = 30 um (deactivation)
©10 | & g,
= 4 =04 [ —
2 H
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pH Time (min)
Fig.1 pH-FIR relation Fig.2 Temporal variation in FIR with respect

to the probe’s distance (h) from mitochondria
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1 [FC®IC

FERERIRE RS R IS BB IOV RN A A — T 0 75 E O FSRErHRI B X, IMTEENZAHRE L C
AU 5 MO 2 bz R A LIERBERI GBI Z mi LT 28 Th b, L., BISENIK
ST DN OFRE A F1 = X ARCIMPESR D 72 B TR EE~DIER IOV TiE, R7E X
< HOho TR L ARBFZE T, IerRRIEEh & e M A& RO & OBIfRZ BHNCHED | DV IKL
AR DTODFEERET N EREE LT,

2 ZEEBRAE

FEERIZIZ. SD T b (6-9 M) TN C57BL/6] ~ ™7 A (8-12 W) & FHV N T=, KIS O 2 15
BlET A 7= 012, BHZEH O —B12 Thinned skull % L < 1% Closed cranial window Z/E#L 1L 7-,
R Ny M2 RIRFIRE 0G5 L, L X ooz @ ik L, 7272 ka7 U 7iila
DR N~ — 71 T % Sulforhodamine 101 ZJEHEIC I E- Lo, KIMEE O MEREIL, HLEA
PSSR (b I J=: : 488 nm) K O 61 b AL WIS (b I 55 - 900 nm) % AV Tl L 7= (1024 x 1024
pixels)?, MEFREDOBIERL, LT T— K CTHLE 0. 4 pm/pixel DS CR S JFHIC 5 um
MR TR L1z, £727 A a2 U7 OBERNT, B 0.2 um/pixel OFM TR S AT 4 um
MR CHRME L7z, S DICkERx REEAFESEM T (BHRIRE 8~50%) T~V AL HHE L, BHEREOL(L
WX DHUNIE & T A a7 T O AR R LBIE LT,

3 HRRUBE

Sulforhodamine 101 $5-# 5 43T, KMMEVE OBy ML EFIRIZ B W THEOLRED EFRAR S,
20-30 /3T L X 9 R DR E I — 7 IZ#E LT, — ., BENLR60 5%kICT7T A a7y
THUfROGENIRE Y | F 5% S M E T A hu 7 U THIFROE AN E L TR b T,
T L EMEEREIL, Closed cranial window {E%HE L7-~ U AT, KINZEEBHOHEEX 0.8
mm ¥ CHIETHZENAEETH 72, —F. Thinned skull IETIET v FEDO~T A EHIT 0.4
~0.6 mm FREPRHRFIRE CH 7=, 7 A b Z U 7o 3 Closed cranial window {4
ML~ T ATHRS 0.6mm £ THEFREThHo72, vV RITT v ML TRIMEERH X T
BIEPARETH LMD A LN, ZOMRIL. 7 v N~ U ZAORMEZEIZI T DK D
EWDIZES RO ZERICERT D & 2 Hivbd, F72 Closed cranial window 4 W
e g AT, F—HIIRWT 3 7 I RWEHIA TR TH o7z, RERIZEY | BRRBR
Bl AF LT N E e OV 7 A v 77U THIAOTEREZ D I LBIZET 5 Z ENA[ECTh » 7=,

235 3Tk

L EARFIN, /NEFET, BB, WRILED > 7Y 7 0T A D= X AOMPNZRNT T, BTG

0QD (2008), pp. 33-38

2. K. Masamoto, T. Obata T, and I. Kanno I, Intracortical microcirculatory change induced by anesthesia
in rat somatosensory cortex. Adv. Exp. Med. Biol. 662, 57-61 (2010)
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BUE, BRI 2308 RE T 40 RO Leth 2 R Ic e H v | A< mE s 72
S>TW5S, LFITERITEICEE L, BRI ERINATTE L CERBIEENEITT 5, ITEOHF
TR L0 OHEFEC B O RPN T 2B X T e A X 75 P Eo(PGE2) DB 578
TR EN TSN, HEOBIEEIEICRBIT 5 PGE: ORI A TH D, AuFZECidslmo
HFE & BRI D PGE2 & EOZFRY T 2 A 7 EP4 O EI Z T~ T,
2 Ak

DI DO FEBET VT~ 7 AFEMAAT1) Z BALB/e ~ 7 A ZREIRBA L TIERL, &
EE TR X AR K W i~7=, (2) PGE Z&EY 7 % 4 7(EP1-EP4)® 31X RT-PCR %12 L v 74
ARz, (3) AT1 MR OEIEIZE AL 7 P B LI OMTT £¥EIC X 0 7=, (O~ RFEEFIC 4T1
ZILfE S CHEREE L, 8558 LET O Ca lBEORIEIC L 0 BWIUEMEL Kk 7-, (B)EE 4T1 -
T~ U AEBEIE & B A 2R U, TR S U AE AT TRAP %lc X v M Lz,
(6)4T1 LB 2 B R F 7213 — HF oM Z EE L- BIcb 5 — O 2 i L s
L. RANKL % 5.Z RT-PCREIC L V|, 82 L& O PGE2 L~ULiX EIA EIC K 0 <7,
3 R

(D4T1 B A% 14 B BIZSHE AL L OKBEE AT EIRBIC KX D58 LVVEIENGED &
iz, (2)4T1 TiX EP1 & EP4 ® mRNA 382k L7=23, EP2 & EP3 ® mRNA RILLiRD 5
Niphnotz, (34T1 DREERICBW T, PGE RN Z O % it L, TO%RIL EP4 7 ¥
T=Z M IR STz, @WEERE L CWAETERIC 4T1 28855 - E S8 5 & BlRIE
PENE LR LI, ZOEMIT EP4 7o % T=X hORINC L VRS-, B)EE 4T1
EDOHIEFRIC KV EWIA OGN < E sk S =2, TOBITEP4 72 =
A2 Mkl E T, 6) FHMmAEETE 4T1 ETEET 5 &, FHEacR T 5 PGE: FEA
E L TJUHET 5 & 282 RANKL OFBBFFENEO bz, —J7, 4T1 MifaZ FHE 5 F e LT

HigE 4 % & 4T1 Bl & Ho~ T PGE2 PE/E =N

PCHE L7223, 4T1 #ifu Tl RANKL %
BT e hno T,

4 %§ LEHRE

VIR0 BEIFEHICBT D PGE: &k
T L, PFEAE SN PGE2 1ZILEM O
EP4 %40 L T Z Ltk d 2 & 3l 53

o #p-7y0
FLmEA & BB OMBEEE > 7T e — ] | -/’7%T#
AA PGH, PGE, ’g RANK

RANKL
/EMMD

AR TIX EP4 240 L CiE e 2 358 . A
5 LB BN Ao Te, AR LY, =5 '

6 EHE PGEs /1 L ALl BB R —

DR & BREROERD ARSI . RO L FRHEIZ3S1 5 PGEs
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1. HX-BM

LB OSSN TIT A S e Ca g o FRKG (Ca*F v L—yar) NEZ v, b
WERTE LSS L fHx O—itEo Ca' LRI Ca& 2 N7 Th H/Matkn 6 Ca s &
NAHZLIckoTHELD, —FCa&F v L— 3 » OMERIZITMISN 25 O C& DFANRLET
HHEEZLNTVWANR, FOELWA D= XA ST 2 KIFEIZ. ~ 7 22k
JITOH Ca* A L — 2 L IBIT B CETHRADKIER 2B 5., & 51 CERARKE DO FIERE D
HIEREAE DRI D 7= DI T > T2,
2. EERFE

fura2 |2 k% Ca'A A= 2 Zika INT, ~ 7 ARBIRICH LULF DRB AT 57,

L 2RO Cal* A L— a UL TO A TICHIIA CEBE L L2, ZDLEEDAY
L=t a OB EETA, R, S Ca' T v RAMERIE MM RS LT & & 0%
RIZOWTIANT,

2. Mn**-quenching £ ¥ 7213 B # MM 54 2 kI L v . IO Ca* 4> L— 3 v
th oD Cal ™ i A JH B & - BRI E L, AT L7z %,

3. ks D Ca' A, 5 L Othapsigargin QUHEIC & % Ca2* 2 7 ORI TIEMA L S b 2 R 7 1E
Btk CaZ A 1T HOWT, & Ca¥' T v RV EAI DL E RN S 2 T~

3. ®{R-EE

L BHERED CaP A v L— 3 OB, MRS Ca LIk LMW E DR 2R LT,
¥/, C AT L—y g UiTMask e G La¥tic ko THEEICHE S L= 0lTxw L.,
SKF96365 <° 2-APB ClHfLE XN/ o 7=,

2.Ca* v L— g ofE, BRI Mn® R0 BE O AEERHEA L TE Y, A Hh0
CEMABRBRIEMAL ENTNWD Z ENRBENT, Fo. AT L —3 3 VHEEREWINE
CWAEEREN T &, CEFH L R LT CEMRALEHMICEIL LTS Z L bRl X
i,

3.Ca A v L— g yIEM b E D Ca A, GA¥Re Latic L 0 il S, SKF96365
TIEE SR 2o 7=, F£7-. thapsgargin LB T~ 7 ZINTFHER SN D A S THEEME Ca' i
Ab. THHORLEANIS L TR REZ2 R LT,

UEDFERLY, =7 ZAZREINTIL Ca A M 7 OFFEIE D= 012 CEFHANMEES LD Z &

70, BELLZUTA FTEBIE CEF v 22N LT=bDTHD Z EIRB SN,
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1 XLHIC

FEZNA FREVEM 72 E DT o Xa X N w7 72T 3 AT D202 1X, BIEE O
ENE-OETH D, AFRETIE. &) /B F-(AuNP) & B L ICEMiT A Z sick-T, ¥
VXY BB OEEE T BE(DEDISICH KT 5 EREE A EKAETHH AR LT
7o[]e AWFZETIX, AuNP ZAEffi L7-EM i, 7/ — NIZiZ 7 v 7 b — Ak E SR (FDH)
Z, 1Y — RIZIIE U VB U ER{EEESR(BOD) % [EE L[2). 7 /v7 h—R/0, BIOEESE S A ARk
B AR L. F O A LT,
2 ER

AuNP IEHIZEESUC RV, 7 U FB TRl K D B L=, AR LT- AuNP iRk A 1—R v 7
7 A N— L= X— B LI F v A b, AT 5 2 LT AuNP BARAERL L7, {EL L7~ AuNP &
W% 20 mM D 2-A )V 7 =& ) —/L (MB) KEEFIZIRIET 5 Z & T, AuNP KHIZ ME @
H AL P2 TR L 72, £5 D7z ME {&ffi AuNP %84 FDH %&( pH S)ITIRIET 5 Z &
C FDH [H & HE M & /ERL L7z, £7=. AuNP HEHi% BOD A ( pH 7 )IZiR2iE+ 5 Z & T BOD [HiEE
fi A ERL L7z,

3 R
FDH & BOD #[#E L7~ AuNP EfiZ 7/ — R Oh 800 10
V— RNEE L, 77 h—R/0, BIDESE S A FIRELE los

6001

2SS U7, BAmfl L U CH V= FDH, BOD (X &5
5% AuNP ML L DET SUGN ATREZREHZ TH Y . A EIfE
U TZEEE AN AREFEMIL, AT 4 == —k N 2004

106

E/mV

4001
404

P/ mwW cm *?

102
—Z =L LI, EFIT Y TV BOGR TDFE
ERARECTH D, Z OREHENA ARRELENLZ 200 mM 7 y & S
vy b= AT pH 6.0 )IZB W TR HE L7273 5 I/mAcm ?

EAE AT L7z & 2 A, BREIKENIL 720 mV, &K Figure 1. Polarization curve (closed circle)
FEVRBEEIE 4.9 mA Cm—z BERH L 0.87 mW cm_z( 300 and the dependence of power output (open
’ N ’ circle) on current density for the fructose/0,

mV ([ZEBWT )& 0 DET B SA AREEM E LT biofuel cell.

WIEFICE WA 25D 2 L ITAkE) LT (Figure 1), F72. ZOEMORIFZEMEEZFHME L L 2
A, 12 RHERE CTRE S 7L E ICRB W T O IR ERED 85% &R L Tk v | MR L E ek L
7o AuNP SERUIEWEZEMEZ A L TWD Z e BMNE R oTe, SERESR L TCBER A AREE
HIT A Y — FRASOBBRMAGIC LV BRI TEY . R BREAMEETEL Y —F
REMEFET D ETERLDHNOMENHRTE %,
27 ik

[1] K. Murata, M. Suzuki, N. Nakamura, and H. Ohno, Electrochem. Commun, 11, 668—671 (2009).

[2] K. Murata, K. Kajiya, N. Nakamura, and H. Ohno, Energy Environ. Sci., 2, 1280-1285 (2009).
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FY LRI LATF RAEAKRIT 5HRAKRY R ”“f - "xcl_,

e ) CEEPRPP) A HHEME L LT, IMPEZ o °
T AMP & GMP &4 5 45 C 14 OBUGH

5725, ZORBRORSIEAMIELAED )\ \ | 1%
BB THETH SR, 6RAORIE, T el T\ g e
bHT7 I A4 IX =1L UEF RAIRND I L o :
RELT I A IHY =LY RF F(CAIR~D o o

AIR N>-CAIR

s, |[IXAEPREICLDE R LD, O e
X, BEEEAYSC O EME IR SIS

Class Il PurE (AIR carboxylase) 72 17 Tl 41 5 —BEBERUSTH D, & 5O EDIE, BEEMEIZIA
< L5 4% Purk (N*-CAIR synthetase) & Class | PurE (N>-CAIR mutase) 2 FI| L 7= “BEBES IS ThH 5.

1. PurK Ot

PurK 1%, ATP & HCOz % FI\V T AIR % N>-CAIR |[ZHEHA T 4 i 2 filli4 2 (B 1).

], i EVE Thermotoga maritima Fi 3k Purk (TmPurk)iZ oW T, ADP & OB AR DR ks 4

22A THE LT-. NiFRIT SeMet E&#HUAZ U2 MAD VEIC X W BvE LT, BAREOICIE,

SOLVE/RESOLVE CTHIHANAHDIRTE & HIHET VO 1T - 1-1%,

FLEELZ T To. BRI R fHI3 21.6%, freeREIT 26.5%TH 5.

SERE LTS 42T CICFhx PHEERE L2 T.
thermophilus, A. aeolicus, S. tokodaii F13 PurK 5 X OMtod 7
=TI XD REERE ST Purk Offd L b L7z & =
A, 2R folding IT XS RFSNTED, 420D KRR
A U(N,B,A,C) b bz LT (¥2). £/,
U % i~ % PurD  (GAR synthetase) & D Ll 6, 1F
EAETRTO PurK 13 closedform TH 5D Z LR TS
7ens, —J7, TmPurK OIERFREALF O 4 SO oy FD =
RA—=Ta NP LTDOED ZEMND, ZOHFNRaLR
A—vayBERITIELRBRIN TS, BIfE,
ADPIATP it G AL OHEE DFEM2 L 21T > TV D & 25

ADP B domain

N domain

C domain
2. TmPurK o it

TH, PuK BLOPUD OEEND, PUK DRJGEA D= AL DOWNWTEEZTLHTFETHD.
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F AT 32— FECN Tk~ R K> THEFES N, F7-, TERRICEZEICEETNDIHY
WED—>ThbH, T4 LT 31— MK EEEHESCNase) | T4+ 7 % — F(SCN-) & & EeiH /KD
AR AFAET DAY Thiobacillus thioparus THI 115 76 B S 7-##E T, Co3+A
A EROSHLIZEF G SCN-Z/KF0, KL, fitfb AR =/1 (COS) &7 v E=7I27 5
SOE % fili 3%, SCNase (fa, B,y 8 FEOY 7 2=y F®D 12 BIEKTHY, yP 7 2=y IR
NHase ® o 7' 2= MZ, akBRZN LI NHase B 7 == kD N K l-4r & C Kl
SCEWHREEEZE LTS, = Yk FT % —F(NHase)lIfl & O it #E<° Pseudomonas
B 72 EOMBEICIFAET 285 T, Festr 7213 Codt A A v ZUSH MR D, fixZe= kU Kk
ZINRMLTT X M E G T 5 L& i3 %, SCNase & NHase D7 X/ BRRCH 5V VA
FPEZ T8, HER7 Y NEBOT X 7 BRIITHMBSENRH D, T OEWAWEESRE O &L
BRI, JOSEOZERICBEG T 5832000, BRI A D= A NI TSN TR -
Teo =TT, AW TIL, SCNase DOIEEMENRIIAFET 57 X/ Bk 2% 9% NHase
DIRFENZ 72D KO NTEH U T ZBRARZ AV, W3 O RERRIEDE W & OB 2 et Lz,

Mg O X ARG s 5 NHase TIXAR 7 > b &R T 57 X BRI OBUKEREIEOE
HAMZNDIZxE L, SCNase TIZZ D 5 5 2 & T D5 FE(Phe/Val, Trp) s Arg 755 T 5 Z & 234N
5TV (BArg90,yArgl36), ZiUZ LV, R v FOTEIZ Arg FRIEN 4 HEFT 5 Z LT
20, FEERTy PP RECEZHEEL TS, 2T, ZAbD 2 EiTd Arg %% NHase
DT BREFLC S DICERR LIZZEREK (BRIOF,yR136W) ZERIL 72, /R L7 REK TV
#UH SCNase M2~ &7, 59V NHase {EMEZ2 R~ Z L300 o Tz,

WITYR136W ZRARZFEGRL L. XMk ST 217 > 72, v R 136W ZRIR D SRR EIX
AR OZ i EFE ARy NEDUSMIRGFE SN TE Y, BA L7-2 23 SCNase O RIS
KREREBLE G2 T2 EnbnoT-, LU, yR 136W ZRAKTIE, A8 %Mz 72yTrp136
EUEOYGlul4l OREEDO A E N REL Eb->TEY, fERE L THENR T v MZAY AR
T AeD X0, WFRENIE R 7~ MRV A< X5 e B (b LT,

ARFIEDOFER, SCNase DILEERIRNE, SOSHEFIEE R 7 v hOBRICE > THRESND &0
) EDHER I N, FERAEERTORERNG, BREZNZ 5 Z TR > b EOEBR &)
BT 5L EbIc, MERAGEEDND AN—2(2 L YHEL, NHase IEEEFFSZ LT
XHEHT o EZBND,

275 ik
1. Arakawa T, Kawano Y, Kataoka S, Katayama Y, Kamiya N, Yohda M, Odaka M (2007) J Mol Biol 366:1497-1509
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1. BB WEBNEVHKROREMEORKRKEKEFRSO>AIXITET V)~
(imidazopyrazinone) i B A X SR & DUGIZ K D EFEFRE L, EERNOIEERETE
EATOWE AT AN, A A=V T A~DISANRRENT WD, dEE LT
DEWREAL E@EIRAENZFET B, Z0 O FIEE LT, BERAEAICL S it
BeYRAE DS T ERIEN B < FTREMEN & B, AWFFETIX, A I XTIV B %@
56,8 NLIZ 7 = = /L& RRAICE A L7723 @W(TI)@M%%#%%%%A

t&ﬁ%%ta“%%@ﬁé & TT = = VR A DN R R i?ﬂ%%%%
L., BHEEEOS FRFHEHESEL Z E BN E L,
Z.ﬁﬁ 4 3 &/t7/// ERDO AKX ) — LVIRIKIT ., ¥ T%é

TMG(1,1,3,3-tetramethylguanidine) % & ¥ DM SO & 2 Il %, H'E O){;;%f“z’;x 1x10° M =
721 1x10° M O TIREROE 2 Bt S8, 36 EBHR. 4T L7z,
3. R FEROBEEE, BETINRBLOSHEORE®RAZ LI Lz, £7°
8-PhIP & CLA(6-PhIP)D LTI 8-PhIP D A EHEMTHRE L., mEFIE TH -
72o _EBEHATIZ, 6,8-diPhIP LV % 56-diPhIP ® 5338 G R I3 B FAL(CLA 725
100 nm) LIS S RE SR LD, & FICEITEFELIR T L, —E#fRED
5,6,8-triPhIP |% 5 fiH DO FHFEARD T Tl b RIERAL(CLA 725 120 nm) L, IR
56-diPhIP LV ¢ 25 1% L H L7,
4. EZ8E 568MMOFTIL, 8i~D T = = /LB ANEFINER KA TH
D, BRIREILIZOEWERH D Z ENnDnoTzy £ 50 ~D 7 = = VG NITREE
BICRE B ERN B AN, 6 L ~D 7 = =LA ZFFICIT > TWAT, iR
KEIZEDRUNEZFEL TR FNEROEFICORNB->TbDEEZBND, 56V
7 2o VEWIC L ARSHEOMRIZI 7 s EoR LRIc ko TAIF YT
J VB O B OIRRBTEALD T AL, BEE L ORSER R L3 5720 & TSN
o

CH3 O CHj

A S ol o Tk

CLA(6-PhIP) 6,8-diPhI P 5,6-diPhIP 5,6,8-triPhlIP
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1LiES

4B, BRISHICE O CRBAERBMEBICIT b2 H 0 | IBRICAVW S BEREEEZ A
THENIZZ N EERERT S 2 LIFEETH D, AL, HREICEN., &V EREEE AT
5 ZEARRE B OESNI(AGSGAG OV IR L) & BT a X R I B EOFER S T ED
LIRACEANL TH DAY 7 I UEREESNCE R Lz, Widd % &Te (AGSGAG).Es D IEANE & %
BT D2 "7 H ARG, KIBEICK > TEEL, 20 Ca fiaMEa2sHMI L7z, I, =0
ETFN_TF REHKR L, &K NMR ZHWT Ca fiaMEICT 2%y 77 X VB —2 a U &217
otzy LT, "IV AV 2= Z(TOEICE - T, TOHEBEABEEZ L EICAE. 218
K& L, invivo TEIEKEEZ BN L7,
2. EE
KBREZ L R B Oy TR EHL HIRE%EE Spe I Nhe I 2T U FAICEATSHZ LT,
HEECS] (AGSGAG)sEs 22 &R b L. AKX X7 B 2 KIGHE TR ST, KRIZ, A=
~EIGTEA L, (AGSGAG)Esficd| 2 & TeiE 2 2 BIC/ER L7,
Cafi M 1ERL L 7=fkE % o /X7 B % PVDF A 7 L FIC A S8 CaCle ISk IZi5E#% .
XPS IZ k> CHREIZWE LTz Ca EDOG5HT &1/ o7,
Cafi A PR NMRIEIE EF AT F RO CaClea iSRRI LE 5 B IR b N HEEZS
{t.% 1BC-I5i% NMR (JEOL ECA700) # JHWCHET L 7=,
In vivo FHfi  {ER L 7= TG R OMAKIRIE &2 % LS R 25T, ZOZEKE VX0
KERG ~HAE L7z, 8ITh7=» TuCT THEELAITAAV, BiliE & FRAERE ERI LT,
3. MRRBIER
XPS MIEREH (Fig.1) 726 AER L 7=#8EE % v RV BREW Ca it a2 BT 5 2 LR ans,
Ca W4 D 13C ¥ NMR HIEFEHE71 S GluC 6§ . Cy I2F81F 5 Ca2t & ORI AH HAER &
Glu Ca, CBIZBIT2BEHRDa L T7x A—a VBN REINT 3, Fig2 [T X912,
AGSGAG4Es Bt &2 &ie h TV AV 2= VBB KDOE T 4 70 A VAR VRET, & F 72V
I, B0 4 BRICBW OB AR L TV 2, fEEZ RV BDO v LA Xk -
T, AKAEREREESND Z ENRENT,

a b

5500

3 25
04 weeks ’—*‘ 04 weeks ’—*‘
4500 L 54|08 weeks S | D8 weeks
<
© 3500 s g5t
Qo =
R & 10|
2500
At J 06| c
1500
0 0
357 347 337 control native sik TG silk control native sik TG silk
Pass Energy [eV]
Fig. 1  XPS Ca 2p spectra of recombinant silk-like protein Fig. 2 Quantitative observations about bone formation using tomogra};hic analyses.
(solid line) or native silk fibroin (broken line) adsorbed on The new bone quantity, BMC (a) and BV/TV (b) of each group at 4 (white) and 8 weeks
membrane after immersion in CaCls solution. (grey) after surgery were summarized. * : p < 0.05 in comparison with Group
II.formation tomographic analyses.
SE R

1. Aya Nagano, Tetuso Asakura et al , Macromolecules, 42, 8950-8958 (2009)
2. Aya Nagano, Tetuso Asakura et al , ActaBiomaterialia, submitted (2010)
3. Aya Nagano, Tetuso Asakura et al , Macromolecules, submitted (2010)
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1 [XC&HI

HIEAHER L, SAEREIEE T S W RE Ch 2 B8 E WMl THY, L RV
CArEBRERGAENE L, £, [EMEIRORR THLNT Y 7RO HEOHERR E
ERRTEDZLMBERENTVD. BEMERICIE, ~y FAY FEEREGEO L 912,
B A VB A RS 5 2 & THIFBEZAT D 8 B 508, IRIR & B & ORICEENIMTET 572
, BEEIARTHY, £z, MHREZ I LT DBTE A 214 9 726, fikfe L TREA
LONNEETH L. £ 2C, BT & FEREICHO AR, THEEZBEHEINR L CHilE3 5, Bone
Anchored Hearing Aid (BAHA®) 23BA% Sh, &L LTETW5. LinL, BAHA I, HFA3K
JERECEEH L, BEPELRSTVWI LR, HAOARRREDOMERH L. ThETEELIL, Lk
FEOMES & TR 2720, MEHE ORJE FICHDIAT B EAHER OB 21T > CT& 7. 4H,
AR DFRIE ATV, M DAL R 2 0E L2581 D MRERHE 21T > 72D THAE T 5.
2 fHERSREE

AAREIRL, KE oA, ~ A 7, PO Ry BInb R 5EFEESR (Rh2=> 1) &,
AT A, PNRRE TN 72 D RS (AN =y ) & THEINTHD. (Mrta=y &
AN =y ML, aA VOMAEFRIZ LV REIICEBIREZTT 9. A VEOESAREICT,
ORI~V AP A2 A, BE S TEREZ T2 AM Z3ifE 52 v 5. /NVRIRENT-E 55121,
R EFE 1 (Giant Magnetostrictive Material, GMM) % VT 5. GMM &1, AMBRERIZIGE T
STEEZECESEOME AR D, EEMEHIESR, BRR, IWEEE L BIENCFEFTHD. 4
[, MG ORMEL LT, IVURE) 1 LS O 2 A L 2Bk L7z
3 FHEAE

FTESR OIRE) 74, BAROMEAE IZFEE LEE S, £0 L TR AET DIRE) 7 & EE R
FoOREBG KON EENICREAET 2 EELZFHIILE. kY, BRESCIRE) - OREE H1EDE
WIZ X550, 6 KX ORISR 2 BREh 9~ 2 FEIE & ABMERE D BIFR 2 feRd L7z,
4 HEBRER

&1 LB R EoRENR KON EENICREAET 5 FEIR, FIRESCIRE) T O FEE SIED
EWVICBURIC B L T2 2 en3ahole. £, MMEZROBENEFE & /A HENICEAET D
FEDRNZIE, BERZRBRA DD Z & WninoTe.
5 #E

AAHIEAR T, (B ZECIRE) 1 O B E 7 IEOE T X0 IR0 BB N b LTz, Ko T,
KGN L5818, EHBEEANZ LIS T4 v T 4V TPRRETHD. ok, RETFOMIR
71 & BREERIE & OICIE, BAFRBIEMER R S, MERHIRE) 1 & L COmMEN» R Sz,
275 3R

1. Hakansson, Bo; Carlsson, Peder; Tjellstrom, Anders; Lidén, G: The Bone-Anchored Hearing Aid: Principal Design and
Audiometric Results. ENT Journal, 73 (9) pp. 670-675.(1994)



SFTyRuo N IHEISN-aT - = VR QD OFReEME:
—/%3F FRET #Hll & FICAR S H#MT

AR CKRE Y, ET RS, KW ORET, EEW IEXCM, NHE B, B BMY
B TR RER TR MBS X7 A T8, L5 By 25 L TR
TEAF Ardn TEARRH %, Toebghe AanblaER M ¢, T2itsibe e Bl T °
50010644202 @st.tuat.ac.jp

HFhox k., auA RiEZ O CHEAS 2~6nm FLEE O Y#E K CdSe & T ]
BT Ry b (D) 285U, ZORCEEOHEET-> T\ D, 3w

SO BEOBRTHENG (~60%05E) | AHetaZc & 5 3 IR
FEASEMHPERS BN E WD BHBN B H 7=, BIfE, B ICBDSE 1. RXEFEMZ DO
HETS T-%0 DNA S5 DHOE T~ LA & LRI Shoob B, R

ZORMNEOEEI NG, 2O QD Tk, H—0 Q) ORKAEN AT TH D, BrlTZnE T,
H—507 QD OFEBR EZOIHICHE B L% i L CE 7o, flx i, £ORNEZFEHET 5
BRI ICB L TEMEZ 5 R D5HIIC L > T (K1 - 0~13FETQ AL TERY, H#3
MTERIETND), H— QD OGO AL (c DR X) ZRETE DN, ZNE TIZE DR
MZLOFHFER 2 G QD DOEHRIZED LB X 2 A7 —/LTIED ZEMAEETHDL T L ZR L
T&7=(1],

BE. BFZe 8B4 H—Q DICNZ T, SFi v 2uy b Th 3 E SN IoE S B
BEAEMWRQ ~EFRE S, ZORBERBENEZL D Q-1 v Xua MO AANEH OFRERRH
ZHIEELTWD, o1y Xm i, BUKEPAREICDE HUICR ST EAHERE 2/, s,
BETLEHNEH O BEAEORICTH 5, IF, GRFICHW D ATk s TEDIL (X 2),
IMANCBRKEEZ B L T\ A 7, BEHEAE LR UFEE Ty Xn= S, 86
RERT 5 M LTz,

AREBRTIX, FH—I2, HAEEROBREEIET 5720, B—0 QD (RF—) =41 vtm il
T UL ST E N Cys (T 78 7% —) BEERICHT 5 A7 MG Z T > 72, 10 nm 2
FELLF ORRBET LOVE Ui e = L ¥ —BE) (FRET) ZMR T2 &nn., AT
NI ESND EEBEZ NS, FE I, BEEROBXICHEHTLEREEDL 20, BRI
FHANZ &% QD DR G M O E bk Te, FEEY BlE T 5.

A
+
8.5 nm

-
Vv Y

9nm

B2 Q5T % 2m A L FRET B
%3 3CHk

[1] T. Tani, M. Oda, H. Sakai , Y. Itoh, A. Ohtaki, M. Yohda et al., J. Lumin. (2010), in press.
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[¥]

REVEMFENIL Mg2+-ATP f7E T, FLEEL > 7 2V U EIOLEEE L 7 = T — /02
EDOERICE VEEITL, BWREIERIER (¢ =41%) 2R3 ERNFMBNTWS, FEAITERA
(A max = 560 nm) TH DM, FxITHEDOFHEEERIC LY T E Tl Ak 2 121X
T HRNPEHEAZEBE L TV D, M TH, A mar=680 nm ORI R % b OIREFHLIE
THru s 1%, AERNERO MBS L CEAMERR LI SNAILEMTH D, LR
Do, THELIEEMEDE L L THEONT-Z R, IWHIZETAMEITH DB RMRON
R THD, EZTHENX, TFHur 1 OFGIEEZHNL L, S DICERAICmT T — % %

INETH-ODEENE TR L L,
COOH

X

MezN

|t

(28 - fES)

7F v 1 1% 4-(dimethylamino)cinnamaldehyde % H3&JFEME LT, 5 TR L=, &
RIEEREE LR, BHETEONRWERKIZA F L AT VA e 1 ~OEENKSY
ENKRFET CTHDLHIOTHDLEbhoTe, TNETIIREEENEED 20% ThoTlond, 4
60% FTHINMI D Z & TRIGEEM SHE, P10 TERIZHREI L, e L TORENEEIT
S TEAER FEIEPRAT A max = 680 nm, FEEFRE (ZRRTL > 7 = Y D 1/20 (ATTO-AB-2200-R,
PMT i) Th-o7z,

12
noom o
o :
= HO s s
< o8 mild type N\ 560 nm 680 nm /
Q
S 06
w
€ 04
=}
c
0.2
0
450 500 550 600 650 700 750

wavelength [nm]
F7-. FEERERA~DORY L LE LT 2 MO TREOK B Z{TR o= T, ZOFEMID
WTHET D, BB, ZORVMHACE-THAEFTIZT IS 1 % 200 mg BRELTED .,
HEEOTFICH 70 (I mgRE) it L Tnb,
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1 (FC&HIC

v R 7 v L PAS0 (PASO) MG AW EMFEIZFIET H~L X R TH Y | RN TIREMERE
D— AR IINBE Z Al U TN D, PABO0 13 RAL K SEEAL D KR L SO 72 & TR A 72
JEE RS S Z LN TE DT, FEEMMBA~OISHRPEFIN DS, Lo L, kA7 P450 (XEL
RNET), B, TAB VR EICEL LESHA~OICHIZITE I R, 2T AL, AFEWE
B3k D PA50 [ Z1E A L AR AT EWE T Al Sulfolobus tokodaii strain 7 I3 7 & A P450 (P450st)
DREFRBROWEEB LNy T 7 2 V¥ —2 9 0 %21T- TX -, FOfES. P450st 1% 80°C |23
VT b AT A AER L TR 0 L BWEREM A HT D 2 LB B AT o TV D L AR TIL,
B AR PABOst 35 L UM AN - B 1T A8 BUE N U 72 F310A/A320Q 28 ZAKIZ DU TS IR D
pH IKTFEIE 2 Mt L. P450st |2 & D BB WSS DT 217 - 72,
2 SEBR

Bp AR P450st F5 KUY F310A/A320Q A HAKIIREHUZIEW 8B, KR L7z, BERBUSIE peroxide
shunt pathway ZFIH L, =F /B KBEIGER K OATF L v R F AU Z G LTz,
pH 2-12 OFEMEHR I HEHEEE 3 mM iR LKE, 1 mM B & 722 X5 ISR U 7= ROSIEI Iz,
£-fif PA50st (F4E 10 uM)Z isINd % Z & TRUGZB%A L7z, 25°C T 1 73 d 5V Mi% 10 43 B
ATV, HAZa~ 7T 7 40— X o TN &% 74 L7,
3 #HR-BE

Bp £ PASOst |2 kD =T ol B : IERIC)
N B KR SO % R '
AL 2 A, REV pH
WCBWCIEEZHER L Tk
V. pH 10 fHEDIET LH |
VPRI TICB VTR b lenBd (00000, ol il =
VWEHE AR LT, £72, A et L IRNE R

F L DORF ALK E Figure 1 Product yields of ethylbenzene hydroxylation at various pHs by (A)
- wild-type P450st for 10 min and (B) the F310A/A320Q mutant for 1 min.
MEtL=malcth, 53571 P ®) Q

B VPESRME T CIEENEL D Z ENHA LN E 72572, —J5, F310A/A320Q A RARIZ L D =F v
RUBUKBILKSERTT L2 2 A, IRIAV pH TIEMEAHERF L TV, pH 5 (T 058RS
HETFIZBWDCIEMEAS KR IZ 1A E L 7= (Figure 1), F310A/A320Q 8B AKIL, ~LDIEICEN I 30
mV IEMIIZS 7 FLTWAZERHALMNERS>TND L LER> T, ~LDOBEITEM DL ) i
BETEMED pHARFENEIC B EZ 52T b D EEZ BRD,

(2% 3]
1.Y. Oku, A. Ohtaki, S. Kamitori, N. Nakamura, M. Yohda, H. Ohno, and Y. Kawarabayashi, J. Inorg. Biochem., 98, 1194
(2004).
2. H. Matsumura, M. Wakatabi, S. Omi, A. Ohtaki, N. Nakamura, M. Yohda, and H. Ohno, Biochemistry, 47, 4834 (2008)
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i
A

(F] 7 A FBR T2 FEHET DAY I~ TN LD DR LT Lo IV T VR
NEARTDZENMbBNT WD, BT, 2,2-0 7V —L r U T U HHIZY U L ORFERLR
AR L L CTHWHNLTWD, Z O/EAWITARTEKERLT 2 W 7RI IC I 0 g9 208, L0
FREOXEZRWD Z ERHRZE VAR LD, A1l ¥V L RIBMRO NS aE & SOR%h
RBomEEERNE L THY I T, AZ VR EBER LT ) =Ly T 0 1-6 ONG%E
Matl7z, Zhbid Si-Si fEAH

D ¢ IEEOIERT U — )L E O 7 il Mes\M/(SiMez)nMe Mes\s'/SiMezPh Mes\SI/SnMe3
. i i
ﬁk@*ﬁﬁﬁfﬁﬁ §i=Sn T/t/\@ﬁﬁpj Mes/ \(SiMez)nMe Mes/ \SiMezPh Mes/ \SnMe3

O)@%é J:D;’D}i}fﬁl‘i@ﬁj:ﬁ\,ﬁ;@ 1:M=Si,n=1 6:M=Ge,n=1 4 5
b, BbETHHETHZ7 VI 2:M=sin=2 7:M= =
LU RIBRIKIC SN T b RBRICA Y = 3iM=Sin=3 8:iM=Gen=3 ves - >>3
VI =IVEMIR T, 8 AL, =

O OIS Z FRET LTz,

[FEBRER & BRE] WV A7 FAOHBICEY ka2, 3, 4, 7, 8 1FZThEiL 1, 6 &k
L LT, FEROEIMLT A R EHOILRIZHE S T, W REEARREAICS 7 M52
L ZmER Uiz, (Figure 1) Z OFERIZZNZENDLEMDET VI3 IOV TEEE LB SER A
(TD—BBLYP/6—31+G(d,p)/BBLYP/6—31G(d)) % Figure 1.
IToT/RND LRSIz, RIZ

L U HIHERIELE T C{bad 1-5 0% %t% 800

HICE DR IEETF-T28 2 A, WO 8

et 1 &l U ORISR 45 600 I\

ZENbinole, R, 3, b IFEERE 300 0 ¢

nm AL ORHE I ﬂbf%ﬁﬁ@@%rb\“m“m’

U LUOERbHERTE, £/, 1-3 voo |

WZOWTIET Y b Ul E D ER O

IFTIZ RV BIRJIC A TF AT Y LR 0.00 e

PEORRBENE Z 5 Z ERFER Iz, L 220 270 320

L\4%W%W&Lkavyﬁ%%®w Seneme 1 A (nm) |
FITEL< L 1, 3-2 U LR 72 £ ORIRG AN s Mes 0T

Ejﬂ:‘ HEITLTWDZERB2BND, —H, Mes R Mes P /M\

FAIUURBEE T, 8 o THREBCE N e | N\, VA

RIE#AT oL 25 6 LTRSS o N\ | 2K e

mERR O, 2D DOFEROFEMIZ OV T~ /M\//Yk

THETHFETH 5, Mes

23 ik

1) R. West, J. Organomet. Chem., 1986, 300, 327. 2) R. D. Miler, J. Michl, Chem. Rev., 1989, 89, 1359. 3)
A. Watanabe, J. Organomet. Chem., 2003, 685, 122. 4) H. Tsuji, J. Michl, K. Tamao, J. Organomet. Chem.,
2003, 685, 9.
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T ®HIZ
RIRZIE5R S 7 A B TE M 2 8T IR LEY A
LLAFIET B, FIUHITF DB IS DI T 55,

WES IR IS 2T 5 2 L b2 WD AERY — F HZNKHgZE OXHgN’/
0 0

ELTHEASRTEY, ZnETICHRAF TEDOERK Ny
DIERIZATONTCE o, IMETIEREENOHLNDL K
ﬁg%@jgﬁﬂﬁ XhHo LTWnab e 3%2 HILTWANR, *+ Dibromophakellin (1) Dibromophakellstatin (2)
DO—F T, HIER EOKE 3% GO DM HITBIEICB N THIRA EFHIRR N HEES LT 5
7o, WRERRMITFERZEOD TS, L LENLIIRANOME LG LN\, A5
EEE+DICAET 2700 EEZHET D2 ERREETH D, £ DTDMHERRY O N T AR
£ 2 RO BN E EN T D, Fox X2 SWEERRY O T, Dibromophakellin (1),
K O" Dibromophakellstatin (2) & 446 & B Er—/L A I XY — L RLEMITIER L, Bk E1T-7=,

Dibromophakellin, 3 X U Dibromophakellstatin D& 5%

Dibromophakellin (1), }2 O Dibromophakellstatin (2) 132 20 FUHERR 2> 5 HEfE S L7235 KR C
H5H[12], WTNBIRGF RN OE OERFRFE2E A, @EICEREMMEIN B EEL A
LTBY, AlZ—7 >y FEeE LTHFEEFEB SN TWE R TH D, ZNHDRARYDOFHEIZE
W b RO 22 5E 1 C6 (2-C10 (LDt s D NNT X T —/UiiETdh o, NNT I F—u
W& D NLRIEIRA G A S UL FRICIFRICHE L <. ZOMIEZ WDITHEET 20038
WZBITLHRA M s,

A cirt Fady 7ol @) LvEni 4 I LTS %V‘J@%ﬂ}iﬁﬁ (Overman
BN S Z1T 9 2 & T C10 6L NNT S F— U iE O REIRI e iic o L, HID 5
#15% Z L3 T& -, Overman #5037 S is 2 VN2 NN-T° 2 F— Ui O SEASEIRBIRESE T 2
NETIZHEN 2, ABFBHRATHO TOFTH D, VT, BFoN b NLETREEZRD Z
& T HAD Dibromophakellin (1), } Of Dibromophakellstatin (2) %z =1V EH AT 5 Z LISk Eh L7z
[3.4].

O, OH \ -
' ACO N/ Overman ACO au . )
H:., ! 6 $ru}ik Dibromophakellin (1)
NH — 0 |3c or
\ ' NH ¢ "N” ~0 leromophakellstatin @
HO (3 L CleC” 012
BEICHR

1. Pettit, G. R.; McNulty, J.; 9Herald, D. L.; Doubek, D. L.; Chapuis, J.-C.; Schmidt, J. M.; Tackett, L. P.; Boyd, M. R. J. Nat.
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sp° Carbon-Hydrogen Bond Cleavage Reaction in 5-Coordinate
(2,6-Dimethylbenzenethiolato)- and (2,6-Dimethylphenoxo)-

ruthenium(IT) Complexes

Yasuto Yanagisawa, Sayaka Togashi, Muneaki Ito, Nobuyuki Komine, Masafumi Hirano,
Sanshiro Komiya
Department of Applied Chemistry ,Graduate School of Engneering, Tokyo University of Agriculture and
Technology,
e-mail: 50010642133 @st.tuat.ac.jp

C-H bond cleavage reactions by transition metal complexes attract concurrent attention because of
their potential utilization to direct molecular transformation. In spite of pioneering studies, the detailed
mechanism of the C-H bond cleavage step in high-valent metal species is still largely unclear. Herein we
disclose facile sp® C-H bond cleavage reactions in 5-coordinate (2,6-dimethylbenzenethiolato)- or
(2,6-dimethylphenoxo)ruthenium(II) complexes.'

A series of 5-coordinate Ru(Il) compounds Ru(SC¢H;Me,-2,6-k'S),(PMe;); (1a),
Ru(SC¢H;Me,-2,6-k'S),(TRIPHOS-«P,P’,P”) (1b), Ru(SC¢H;Me,-2,6-k'S),(TDPME-«*P,P’,P”) (1¢) and
Ru(OC¢H;Me,-2,6-k'S),(PMe;); (2a) were newly prepared. Treatments of la and 2a with PMe,
quantitatively produced Ru[YC¢H;(2-CH,)(6-Me)-«>S,C](PMe;), [Y = S (3a), O (4a)] at room temperature
within 20 min. On the other hand, the reaction of 1b with PMe; required heating at 50 °C to give
corresponding thiaruthenacycle 3b in 70% yield. Treatment of 1c with PMe; resulted in the formation of
3a by the successive ligand displacement reaction. Conversion of 1a into 3a obeys first-order kinetics and
independent from the concentration of PMe;, suggesting the C—H bond cleavage reaction to be the rate
determining step. Concerted mechanism for the present sp® C-H bond cleavage reaction in Ru(Il) is

proposed by the kinetics.

s s S s SH
Lo, ] Lo, | --CHe Lo | .CHp + PMeg L/””'RI \©/
Ru—S | —= RiU. 4 | —— Ru’ u +
-— ~Q-- - - ~
i _@ | S i ’ e “Me; 177 | TPMeg
2a a - 3a
L = PMeg
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Two-Terminal Nonvolatile Resistive Memory Having Floating Metal

Akinari Nomura, Keishi Iwasaki, Yoshiyuki Suda
Department of Electrical and Electronic Engineering, Graduate School of Engineering, Tokyo University of
Agriculture and Technology
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Recently, we have found a memory function in a metal(M)/SiO,/Si0,/3C-SiC/n-Si(001)/M MIS-structured
diode that can be formed by thermal oxidation of 3C-SiC which is epitaxially grown on a n-Si(001) substrate [1].
The Si0,/SiOy layers are formed by two-stage oxidation of 3C-SiC at 1200 and then 1000 °C [2]. In this work, we
have first proposed a two-terminal resistive memory having a structure of M/SiO,/floating-metal/3C-SiC/
n-Si(001)/M where the previous SiOy electron-capture layer is exchanged for a floating metal. In Fig. 1. (a), we
show the layer structure of our proposed M/SiO,/floating-metal/3C-SiC/n-Si/M memory. The 3C-SiC layers were
formed on 24-36 Q-cm n-type Si(100) substrates with a chemical vapor deposition (CVD) method. The
SiO/floating-metal layers were formed by our sputter method [3] at a growth temperature of 400°C. As a floating
metal, we have selected Al as an ohmic contact metal for 3C-SiC.

The I-V curve is shown in Fig. 1(b). In the figure, the applied voltage cycles are indicated from (1) to (6). We
have found that the proposed device functions as a nonvolatile memory. The endurance experimental results are
shown in Fig. 1(c). In this figure, the results obtained from our previously reported MIS-type memory are also
shown. Typically, the number of rewriting cycles is around 1000 for the memory with floating Al so far. However,
the on/off current ratio increases as compared to our previous MIS-type memory as is expected.

We have first proposed a M/SiOy/floating-metal/3C-SiC/n-Si(001)/M-structured two-terminal resistive
nonvolatile memory and succeeded in operating it dynamically using Al as a floating metal. The proposed
memory has higher on/off current ratio than our previous MIS-type memory. This memory is expected to be

applied as a two terminal nonvolatile RRAM by further structure and process optimization.
v
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Fig. 1: (a) Structure of M/SiO,/floating-metal/3C-SiC/n-Si(001)/M, where we used Al as floating metal. (b) I-V
curve of M/Si0,/Al/3C-SiC/n-Si(001)/M memory. (¢) Endurance experimental results.

References

1.'Y. Suda, M. Shouji, and K, Takada, Appl. Phys. Express, 1, 074101 (2008).

2. M. Shouji, T. Nagashima and Y. Suda,Ext. Abs. 2006 Int. Conf. SSDM (2006) p.290.
3. J. Kubota, A. Hashimoto and Y. Suda, Thin Solid Films, 508, 203 (2006)



Controlled generation of vorticesin generalized Stokes

parameters

Rakesh Kumar Singh', Dinesh N. Naik ', Hitoshi Itou’, Yoko Miyamoto® and Mitsuo Takeda®
!Department of Information and Communication Engineering, University of Electro-Communications,
Chofu, Tokyo, Japan
e-mail: rksingh@ice.uec.ac.jp
Controlled generation of optical vortices or singular field has been subject of considerable interest due to
various practical applications and in physical optics. Majority of works on subject are centered for single
point vortices such as phase or polarization vortices. Extension of concept to two points has also been
carried out in the fluctuating scalar field using coherence function and vortices are caled coherence
vortices [1]. Existence of such vortices in fluctuating polarizing field has not been investigated so far but
their existence can not be denied. We have discussed here possibility to generate vortices in the fluctuating
polarizing field using the concept of instantaneous and averaged generalized Stokes parameters.
Generdized Stokes parameters are two point extensions of well-known Stokes parameters, and useful in
characterization of fluctuating polarized field. It has been found that instantaneous generalized Stokes
parameters (IGSPs) contain network of phase singularities which disappear from the generalized Stokes

parameters (GSPs) in the averaging process [2].

However, it is possible to insert desired vortices in the GSPs using technique of coherence holography [1]
for vectorial regime. Controlled generation of vortices in GSPs is possible noting the fact that GSPs obey
wave eguation and also physical phenomena such as vectorial van Cittert-Zernike theorem [3]. Vortices in
GSPs are generated using the two different incoherently illuminated holograms, and scattered field is
detected using interferometric technique with Fourier fringe analysis [4]. IGSPs and GSPs are evauated
using complex field of two orthogonal polarization components and performing space averaging under the
stationarity and ergodicity of scattered complex random field which assumes to obey Gaussian statistics. It
has been noticed that all four GSPs possesses vortices and results are shown in Fig. 1.

Fig. 1: Amplitude Distribution of GSPs(a) §,(Ar) (b)) S(Ar) (¢) S,(Ar)(d) S;(Ar); (&-(f) their phase distribution

First and second rows represent amplitude and phase distribution of al four GSPs. Position and nature of
vortices can be easily controlled using the desired hologram with the help of vectorial van Cittert-Zernike
theorem.
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An enhancement in the performance of large scale integrated circuits (LSI) is based on “Moore’s law”
which means the miniaturization of transistor dimensions. However, we are now controlling the
semiconductor layers of commercial LSI devices on the nanometer scale. To obtain the higher speed, we
have introduced another idea to utilize strained-silicon (s-Si) and Ge which exhibit higher mobilities than
that of relaxed Si. However, generally, there causes a problem that the surface of s-Si on relaxed SiGe and
the surface of Ge on Si are roughened originally due to a lattice mismatch of 4% between Si and Ge (Fig.
1(a)). The roughened surface also causes nonuniform device-performance with the position on the surface.

We have recently obtained flat s-Si and Ge surfaces using our developed sputter epitaxy method [1].
Through nanometer-scale simultaneous measurements of Raman spectroscopy and AFM for s-Si layer on
our proposed stepwise quadruple SiGe buffer [2,3], we have demonstrated that the s-Si layer formed by our
sputter epitaxy method has a smoother surface with a more uniform strain distribution than that formed by
gas source molecular beam epitaxy method (Fig. 1(b)) [4]. We also have applied the sputter method to
surfactant mediated growth of Ge on Si. Then we have first found that P functions as a surfactant and the
Ge layer formed by our method has a flat and high crystalline surface with the standard deviation of the
surface roughness being 0.31 nm (Fig. 1(c)). In this method, P highly and preliminarily doped in Si
substrate causes layer-by-layer growth and the Ge layer almost fully relaxes without Ge-Si intermixing,
leaving a slight degree of strain. These methods are expected to be further applied to high speed devices.
Through these works, our proposed sputter epitaxy method is also promising to next-generation
high-performance devices.

s-Si  Sputter (c) Ge Sputter

Fig. 1 AFM images of surfaces of
strained Si formed by (a) GS-MBE,
(b) our proposed sputter epitaxy, and

g L (c) surface of Ge layer.
e —__] |Emreamme—==5]
6=0.93nm 10pum

1um

o=560nm | 10um
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There is an increasing interest in modes with azimuthal and radial polarization (AP, RP) in lasers; having
proved to be potentia for various applications [1-6]. Discrimination of a doughnut AP mode near the
stability limit of the resonator containing a birefringent crystal was carried out for the first time in a ruby
laser /7/. Recently, use of birefringent crystals (c-cut YVQO,, calcite) for selection of AP/RP modes was
reproduced in Nd- and Er-lasers /3-5/. In this report, we present a method of AP/RP modes selection using
birefringent crystalsin Yb:YAG laser which contains an intra-cavity lens.

(a) e . 66 The experimental scheme consists of a resonator
Pump \ _c-cutYVO: glens ' (length L<120cm) formed by the high-reflection

€ =

£ F---- (HR, for 2A=1030nm) surface of the
' plane-parallel Yb:YAG (9.8at.% doped) ceramic
plate (9x11x1.5 mm°) and the plane output
coupler (OC) of 98% reflectivity. The plate was
end-pumped by a cw fiber-coupled 940 nm laser

Lens, ocC

BImp e T _ac_ff_i‘f?_ diode a room temperature. 1-3W pump
- et ~  radiation was focused in the plate to @100 um
’Qf‘_;:_;__" spot. A birefringent “positive” (c-cut YV O,) c;r
I e “negative’ (a-BBO) crystal (10x10x10mm®)

=

- g e with AR coated plane-parallel faces was placed
between the active element and a glass lens of
focal length f=7.5 or 10 or 20 cm mounted on a micrometer stage at a distance d from HR surface. The
c-axis of the birefringent crystal was aligned along the resonator axis. The stability region of a lens
resonator is enclosed between “focusing” and “imaging” configurations of the cavity /8/, which are realized
while shifting the lens along the resonator axis. The above experimental schemes illustrate tracings of
ordinary (0) and extraordinary (€) rays at “focusing”, d=f. (a) and “imaging”, d=i, (b) configurationsin the
cavity with YVO,. In scheme shown in (&), for lens positions, f,<d<f,, the resonator was unstable for (€)
rays, i.e. for RP radiation, but it was stable for (0) rays. AP doughnut mode (over 60 m\W), beam diameter
of 3-4 mm and divergence~1x10" radian was observed for this case. Similarly, the scheme shown in (b)
generated RP modes. The reversed AP/RP mode composition was found in the laser with intra-cavity
a-BBO. Higher order AP/RP modes formation and outputs with a mixture of AP and RP were also observed
using the same scheme. Possible applications of the presented laser scheme are discussed.
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Figure 1 Structure of zwitterion and ionic liquid.
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1. D. Bardelang et al, J. Am. Chem. Soc., 2008, 130, 3313
2. M. R. Ghadiri et al, Nature, 1993, 366, 324
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Fxlx, RISBEMWSGTTHLT Y XUB &2 EHITHEAIA A TERIENE &5 7 2 RimZR 51T &
DHEMEGEEZ R S D 2 E CHRIEEMEE D TV ERR LT, ZO&ES 7V, IR X
DT L_VOERE~Y v Aaty JIRMBIEE~BITLZENTED L, LL, ZRUET Y
R U EFEHICHAALTE T TIEIAR 0 THY ., MEMESS FEZHNAZENEETHDL &
Do TnD 2, ZHUETEEHEGD FICERLTEED, So2d0EEoR EZBEL.
INFETHWLNTE 2 FmE e = BHeZe4E 4 1,3,5-tris(aminophenyl)benzene(TAPB) 2> & L V) 37K
SR D O T B BEZRAB A tetra(p-aminophenyl)methane(TAPM) & 38 A L 7=,

2 =B

fe k¥ & L C pyromellitic dianhydride(PMDA), ¥7 X > & L T 4,4’-diaminoazobenzene (DAA)
RV, BRI E K O T 2 Rig4 ) 2~ —% bwt%® NMP 5K CA K LTz, 7 &iX PMDA
& DAA DL FEGILE B ST L TR L, 204 ) I~ —AK & 2246651 TH 5 TAPM,
TAPB @ 5wt%NMP &R %, KIEREED EHILNE - L) IRAE S Wbz iTo72, 7 ik
FER2mm OF ¥ 7 U —HTIFRWERRO 7 V2 ERLL | 405 nm OYEIREHT X 0 L% % 1
R, TR 2 5 L7,

405 nm

piicE b

Fig. 2 #4270 ih3
Fig. 1 TAPB(/)E TAPM(A)DHETS ig. 2 HRRT VO B

3 ﬁ%&%g ol O TAPM
it gl BRE ] D 43 7 AR 7P % Fig. 3 127”9, TAPB XY TAPM 20F| A TaPB
ERHWE AN O I RISEREENEL 20 . BISEEREN B L

—
W
T

72o F72 TAPB (30 FE DK EZ K 2D ICHIVSENEL oo Tz
DIZxt L, TAPM [ZiF5 F&IKFEEN R o hole, 202
EMBAET S T2 T E O TiX, TAPM TIEKIGEN 71
BEFER S —ETHY . TAPB I FENV/KE L RAHITHEN
FOREMETT 5 Z ERNRBEND, BETIEES HIZFEMARE ] T T —
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Fox 1TERD D VITERT BT A EHES T + AR Y v — B S T ok -
R)~—arRKIy b NPOEARART T T v 77 —FekHAMEE LTREL, AR
(532nm) TOERFEFR R 7T 7 4 v 7 RERICEB W TREIBITERAT, @i, (KE S IUHEE,
EENNZ EMEZ FEREL TV D[], F72, NPC R HFHREERL —F— K (404nm) 2BV TH
ENTBHEEAe 77 v 7R E AT 2L bl LTV A2, AT, BRREAE Y +
MR Y ~—Z Wz NPC (2 X D FkEAIE R TORIEN L EAIHEFR(0)Z S I TEL 2 8 b
WE LTS3, AL T, BREA 7 + MR Y ~—%H 7= NPC O & 404nm (281 5
NEEFME L TR0 7T 7 ¢ v 7 FRERE & OREIZ DWW TERIIZI LD THET 2,

2 fER

2ERET A — T /) ~v—LIFRRTVE /) v —DEE
WHRIZ SO, 7/ ki v (CE¥IRIES 13nm) Z4pHkL . &
RORRBICEEOH 2 EGREHNZE /) ~—L
Wt L7zt 2 W e, Au 79 7 4w 7 5idkic
TR 404nm O BE—f{tE— FREIRPFHER L —F—Z2
W 2 HRTFHEEGIZ X 0 & EIRR um @i (R
T LEFERLCRITRERE A ST T 4 v 0 o o o
EANCE 0 ESN D00 SIO, T/ ki1 4y B FERAF Concentration (vol.%)

M I E Uiz, £7z. RN R =R BEG L 77—V Fig.1: Dependences of Ang and o on the
TR G & VTR /)~ — DR RBCIHRE 2 concentration of SiO, nanoparticles at 404nm.
BOEAEERE T V(o) & EHR LTI L7Z, K 1

(ZFeER LT IRFE AR 1 7T A DR HTRATE H I (ANsg) &£ oD SIO, T/ Mok F IR EEARFIE 2 7~ T,
SiO, F / ok T2 EE 20v0l. % Tt K DANg (~9X 10335 H 5 = L Wb b | fkfalk & TofE[3)]
CRBEORERMENPGELND ZENnh o7z, LinL, ol 12% THERKE TOE LY b ES
INHERRENWZ LDy noTe, ZOBHE LT, K 404nm CToe AFkEE R TOHE LD bEE
MHNZAE U CTREASHOEGEKIEN L VBE IR RnE 2 bRD, 6> T, KE 404nm T
DoDIERBALIZIZae 23 LV HABRINTAEL D X ) ITHERRGT T2 EBRRELE X b,

LB SR

1. N. Suzuki, Y. Tomita, and T. Kojima, Appl. Phys. Lett. 81, 4121 (2002); N. Suzuki and Y. Tomita, Appl. Opt. 43, 2125
(2004); Y. Tomita, K. Furushima, A. Tanaka, M. Ozawa, M. Hidaka, and K. Chikama, Appl. Phys. Lett. 88, 071103 (2006); N.
Suzuki, Y. Tomita, K. Ohmori, and M. Hidaka, Opt. Express 14, 12712 (2006); T. Nakamura, J. Nozaki, Y. Tomita, K.
Ohmori, and M. Hidaka, J. Opt. A: Pure Appl. Opt. 11, 024010 (2009).

2. K. Omuraand Y. Tomita, J. Appl. Phys. 107, 023107-1 (2010).
3. E. Hataand Y. Tomita, Opt. Lett. 35, 396 (2010).
4. L. Dhar, M. G Schnoes, T. L. Wysocki, H. Bair, M. Schilling, and C. Boyd, Appl. Phys. Lett. 73, 1337 (1998).
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N Z7x2=VT X U EFHERIZET S poly(4-butyltriphenylamine) (PBTPA)IL &\ IEFLEENE &

RTZENALNTEY, BEFEEMEEEAG DD 2 & CHIEHBR B & L’C@%U)ﬂ ZP

i cE s, HEMAMT / ~—®@ 4-(4’-bromophenyl)-4”-butyldiphenylamine % Pd fifiiiiZ

C-N B v 7V U THAE LIS AR TIZERIR oligo(4-butyltriphenylamine) (CTPA)D 5-7 %MK#

GEND Z ENEESHIE ;D%%# (27272l CTPA X, —EDY A XDZEMEFHD

T, IV IARATL—r7p 8 <E FARICRFED T A Ny F & A CE DAl b b, HHEET 2

IEFHREALTHY, 77—V OB AN L FHICRE R UBEEAZED Z LTRSS

é EHIC, R ARTFT T 2= (PPP)D L H 7 n Y

m“%#%%&ﬁéAbﬁTTJH&%%/%W

T2 EbEZLND, Z D OAESAITE L Bf“@/w

VAR BT EIR T 5 L\ X, Hi et PA(OAO) P(-Bu base

PRI T B, BHRIET B O HAIES) sotvant o [ O @M
A FTREIC AU, RIS B EL & T2 .‘
NEROBE S A EHRSEH 2 LRTE, K ot
BRFETF~OBRMASMEETE 5, AE T, * ‘“ftﬁ
+ CTPA 23R L < AL, HEEL 7=, WICHE “23

ZRIKTH D 75— L = PPP & DA kD Schemel Synthetic route of CTPAs
TERRZAT > T2,

2 ERRUEBR

B/ v—EBEPTACHEE ST, R ~v— BRA) Iv— BRAY A~ —DREM TS

(Scheme 1), HZEMFTLIZRER, HEELTHIV UL LT MRV R, BEE L TR UL U2
Lk%*’%ﬂéfCWAﬁﬁ%ﬂé L3gmoTe, BRREBRRA Y I~—I%, AT L7 v~
N7'T 7 4 =280 RIFRETd o 72, HPLC |2 X 0 MR A SR D 7o A5 5L BRIRIRIE 5 &R Y 51%
THY., 6 E’ZU\ 7 BENRENEIN 40%E 9%E £ TV, t-butylmethylether Z ¥ & U CHHAS b

BELIZE A 5 BIRZHBECE o, —EREORRAY I~—0 ML UEIRICKE L. BRERY
WCIREEZEALSETLT T =1 2 Co KD Coo il 2 M A THOEANRY MVHIEZAT T2 & 2 A TH
MBI STVAEEBEIR DB S R STz, Fo, BIRA Y I~ — & PPP DIRGTRIRN DB E
REIZ XV EEARY m 2 o2 L, UV BIEEXTT o7, RERMEICKT 27 v — R
DIR SN2 NG R v 2 XY U2 BT 5 2 & T PPP ORENRINZ Hillc 2 & 0Rg
SV (W

2% 3CHR

1. C. Takahashi et al. Synth. Met., 2002, 129, 123. 2. K. Tsuchiya et al. Polymer, 2009, 50, 95.
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. Katsuragawa, T. Onose, Opt. Lett. 30, 2421 (2005).
. Katsuragawa, T. Onose, Opt. Express 13, 5628 (2005).
. Suzuki, N. Sawayama, and M. Katsuragawa, Opt. Lett. 33, 2809 (2008).
. Suzuki, M. Hirai, and M. Katsuragawa, Phys. Rev. Lett. 101, 243602 (2008).
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SlIRCEN &ﬁﬁ%f?4x7v4kbf %Awﬂ%&k®7v%/7w74x7v4 ZHEHMN
L£FEoTND, 2T VLRI TNAT AL ZAZRE ST 5 DICHUEDHENICAHE YT PR
AMEFTOEND, AN T VP AZFHREEZRNCT ZAF v 7707 L T IVEKR EIC
TERL 2 Z L3 TE, O MITaiER 7 L X U7 NT A, ZAOERINEGEL 72D, =D =@Mt
RERE N T VU AZOMEENREE > TNDD, AT D AXOHMIGRE S L TERD
KX VT7BEEORN LR EnETFond, BEEfstE LTy 22 ZHWE N7 PR X
BWTC, F— MG L7 v A alkaz G957 00 v ) v 7AlE VT SAM(E kb
B)ZRST D& TRy )V TBEELZ LR IEZEWVWIOHENRNDH D D, & 2 TARBIZETIL, HEM
BT ) T77AN—FHNE T VAFIZBNWT, KRl 7 v LTIV EEATHVT 0y
TV RN L DM ER ST ) T A N—DF v U Tk 5 2 A B EPHE LT,

M %71 Regioregular poly (3-hexylthiophene) (RR-P3HT) % Anisole/
Chloroform IR AVEME & & & IZINEEIEE IR TH 2 & TH ) 77 A /13—
EZER LT 2, vV ay HR EoMEBERICHND T oy ) T
HIZ1X Octadecyltrimethoxysilane (OTS), Perfluorodecyltriethoxysilane(FAS),
Aminopropyltrietoxysilane (APS) % FHV 7=, OTS, APS [ X FHTE Fi RN
FAS |35UHE 2 D T B2 SAM 2Rk L, -/ 7 7 Figl. AFM topographic image
/]) /\*—‘72 SAM }F/Ekﬂ;’fjﬁ*ﬁji gijﬁ L CTFET {EJ/:E%TTO 711_0 of polythiophene nanofiber(5><5um)
3 R

APS, OTS ﬂ%ﬁﬁ%iﬁf“&i%ﬁ4 X VT BEE L GICIZIEFRBREOE AR LT-, FAS Effik
BCITEER 1.8x10° Sem™, ¥ ¢ U 7 BB 1.0x107 mﬁﬂﬁ%%L\A%\MS%%%W
L0 b LRI Ui, = R RIS ERIER B EET 5 7 v 20D 1 b RO RE R F—=,
mswmwﬂW%%—x/bw%@&%x%né ULOfER LY BEEES T/ 774
—FET (28T DM@ EEM O A IMEZ R LTz, M HIX EROMRIIINZ T, S625% v V7
%@f@ﬁi%ﬁhb%/774A~1$v~w@@ETM
FERICEALTHET LD TETH D,

Table.1: Relation between modified insulating layer

O FASIBh
A OTSIERR
APS{E &

—-600

. - . ] S 400+,
and carrier mobility, electric conductivity a
— -200-
APS {Efii itk OTS fEAfiEiR  FAS fEfifi Sk o _—

. _ T

S R/Sem™ 3.9x10° 6.3x10° 1.0x102 -40 20 0 20 40
B#hElcm?V st 1.0x10™ 2.4x10" 1.8x10° VglV
Bk Fig.2 Transfer characteristics of P3HT
1. S.Kobayashi et.al., Nature Materials, 3 (2004)317-322. nanofiber measured by the substrate with

2. S.Samitsu et.al., Macromolecules, 41(2008) 8000-8010. the modified insulating layer
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ORISR CIRN S Te SV ARMETHD D, EDO—2DH{EE LT 2EDHIZ I > T
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LWV AEERTD7DIT L0 L OF A RV REORAENMIETH LN, — T THA
RNV RAEOHOMNAEE BLHIE SN TWDIRERDH D, < O@EIRYA KAV REREXES
(21X 2 DD DOEE L D Z M EHERCIE T O i = F L F—ITEWVIER B WL, 2 b0z (BER)
DI/NE U & FERNE 2R JREIREE L EhEREEDB OB HF o e — L AN R DR, £
DFEF, A RN FHMONAFINELINLD EF 2 STV, BEHOmE Y 2 b A g & 5 %
HILTVWD,

Fox 1T OV A B BT D T2 DI B R il 7o SR A BRI R D Z L A HIE L T D,
TCIZEEERE OB AL, BERAZ (LS B-RICED X ) REENRE Y, ZOREED LS
YA RV KRG LD 0 E RN TS, 2 2O TH A KR RIEOFRE DR REIEK
1FME A ORFRMETFIEIC H DBRR S D Z 2 R L, MR ZE A5 T D a0 E FEBRIIC
MEECE 2 Z LN ynote, AiE CIEREM & T O®%ROEOBLIRZHET 5,

2 T7# b=y OBREEICK SHHBEE

2 WILT 4 b= 7 FESNOZERGL & AGdh & R & O R E, AR &R E ORI TTO L EX
FOMAE DEDR I HELEZ AN L, 74 b=y 7 fEROBENFEEDRHO KL 9 78 7 Ui
WEEFFORFIXE RIS, L0 HMZREE Tl 0 RDFBIE, AT RV TRRIGE IS Sl i
DEUDZ EERGERM LT 34, ., 2 WL 4+ b= Z7HEEIZEBMED & 2 N O &S O
BIEZHIET2H0EEZLNTNDN, TOMEICEER FROEBMGOBEEZHE L LD &F
HEZAMBLWETHD, LBONEIL, 74 b=y 7 iEECERDE S b0 BN G,
AHA 72 LIZ L > THEEIAFRETH 5, FRS, BUIN LA L T2 7+ h=v 75 B RI3HE
S TCHREMDIES CHIBME ZHIETX 5 2 L i3Ek L, BRI EEZ OGNS, BIIE, Z Ok
BBEEOLIICHATE DD ERFTILTCWDEN, TO—2L L T2o0 74 b=y 7 iEh#EEIZ
X o T ITH W B I EGEI DO EBRLS % B CIAD LRV AR TWD, #ETIEZOBR G
FOTHRET D,

= BN

1. M. Katsuragawa, J. Q. Liang, Fam Le Kien, and K. Hakuta, Phys. Rev. A 65, 025801 (2002)

2. &MEEE, B, EXIBE KT (2010)

3.'Y. Ohfuti, Fourth Int. Congress on Adv. Electromagnetic Materialsin Microwaves and Optics (2010)
4. K#&RF], B AW E i 2E4E 65 4% 2 5 713 (2010)
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. — g. ormation of the tissue-adhesive
IZE VG SIS E A L, AR TR EEE L, EET 5 hydrogel with the trilayered polymeric
Z ESATRE/RBIIREAN A 1¥ 7 271 (Fig. DOBRFEAMR L 7=, micelle a5 a crosslinke of the hydrogel and

[ERROELE]

BV TLEFTTHLAZL ST 33-U b7 msR ) — )L A% L L,
TFLUAFHA Re o 77 F REINATINA, BAAICHRRC L0 EAGE
fEIET 5 Z Eic k- T, K7 &H —/UL poly(ethylene glycol)-b-polylactide
(acetal-PEG-PLA) & &k L7z, BEIZHH LT 5 wio =<)Ly = » Ofgisct:
\ZHDE | acetal-PEG-PLA H:4F P2V CAKHIZ FITC-dextran(Mw: 20000)%
RS HE G LT wio =)Ly 3 UV % . acetal- PEG-PLA ZVAfR L7l }
Kb U<IZ PVA KSR T « B, KISd L OEth T 5 2 &2k - T L
FITC-dextran ZPYE&H7 acetal- PEG-PLA O =J@Hisa AT 2/ -3t %40 o000
EART, AL I e S 2 MTH LT DLS MERAT T 25, I8 by o die dsribation of
EEO BN EEZ SNSRI HERSU=(Fig. 2), £7-. 55M7-F  bilayered (dotted line) and
SF BN ESICAERTCIE Lo L 2 A, ZJEiiEm 7 X /okygs  trilayered (solid line) polymeric
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Magnetoresistance Effects in Discrete Si Transistors
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Recently, lightly doped Si substrates have shown a large positive magnetoresistance (MR) of more than
1,000 % at room temperature in the magnetic fields of 3 T [1]. This phenomenon can be explained by
quasi-neutrality breaking of the space-charge effects [2]. Observation of a large MR in Si based on the
phenomenon will be an important progress towards new spintronics applications. In this study, in order to
investigate the MR effects in Si devices such as metal-oxide-semiconductor field-effect transistors
(MOSFETs) and junction-gate FETs (JFETs), the magnetoresistive properties of discrete Si transistors are
studied in detail.

Two types of transistors were studied: one is normally-on n-channel MOSFETs (2SK241, TOSHIBA) and
the other is n-channel JFETs (2SK246, TOSHIBA), with a magnetic field up to 2.2 T at 77 and 300 K. The
outer packages of the devices are shown in Figs. 1(a) and (b). The MR ratio is defined as (I5(0 T)/I4(2.2 T))
- 1)x100 %. At 300 K, when the drain voltage V4= 0.2 V and the gate voltage V, =0 V were applied to the
devices, the MOSFETs and JFETs exhibited the positive MR of about 8 and 16 %, respectively. The MR of
the MOSFETSs at 77 K increased from 20 to 60 % with increasing the V, from -0.4 to 0 V at V4= 0.2 V.
Moreover, with varying the V, from -1.0 to -0.3 V at V4= 0.2 V, the MR of JFETs was enhanced from 50 to
240 % at 77 K as shown in Fig. 2. It should be noted that the MR of the MOSFETs and JFETs could be
adjusted by the gate voltage. These results indicate that discrete Si transistors may be applicable for novel
magnetoresistive functional devices.

(a) MOSFET (2SK241) (b) JFET (25K246) T L
Si n-channel JFET

[T=77K

"""""""" 4250

4200

= =
% 10° {150 B
= vd=02V =
107 © Magnetic Field 100
2 L (0T
: % L P ﬁ i 1wt - 22T g
7’ N 71 N 10° P S 0
Drain Gate Drain Source 4 .09 -08 0.7 06 -05 -0.4 0.3
Source Gate Vg (V)
Fig. I: Photograhphs of (a) MOSFET and (b) JFET. Fig. 2: Id-Vg and MR characteristics of

n-channel JFET at 77 K
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We present a novel technique for the integration scheme of planar-type single-electron transistors (SETs)
based on nanogaps using electromigration procedure, which is caused by a field emission current. The field
emission current passing through the nanogaps plays an important role in triggering the migration of atoms.
The nanogap is narrowed because of the transfer of atoms from source to drain electrode. We call this
method “activation” [1, 2]. Using the activation, electrical properties of the nanogaps can be controlled by
only adjusting the magnitude of the applied current during the activation process [1]. Furthermore, we are
easily able to obtain the SETs [2]. In this report, we investigate the integration scheme of planar-type
Ni-based SETs using the activation method. The integration of the devices was achieved by passing a large
field-emission current through two initial nanogaps connected in series. Furthermore, SETs with similar
electrical properties could be formed because the magnitude of the field emission current becomes to be the
same in each nanogap.

The initial Ni nanogaps with the separation of a few tens of nanometers were fabricated by conventional
electron-beam lithography and lift-off process. Each nanogap was connected in series. Tunnel resistances of
two nanogaps, which were both simultaneously activated, were decreased from the order of 100 TQ to 1
MQ with increasing the preset current Is from 1 nA to 30 pA. It should be noted that the dependence of the
tunnel resistance of each nanogap on the preset current indicates a similar tendency despite the difference
of the nanogaps having different initial gap separations. As shown in Figure 1 (a) and (b), two SETs were
both simultaneously fabricated based on the series-connected nanogaps using the activation, and
current-voltage (/-V) characteristics exhibited clear suppression of conductance near zero bias voltage at 16
K, which is known as the Coulomb Blockade. Coulomb blockade voltage of each device was also
obviously modulated by the gate voltage. Charging energy and current level of both SETs were almost the
same, which means that the two SETs with similar electrical properties were integrated by the activation.
Moreover, the charging energy of both SETs decreased simultaneously with increasing the preset current.
This tendency was quite similar to those of individually activated SETs [2]. These results clearly indicate
that the activation procedure allows us to easily and simply integrate planar-type Ni-based SETs.

. (b)

Sample A-2
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Fig. 1: Current-voltage (Ip-Vp) characteristics of devices ((a) sample A-1 and (b) sample A-2).
The insets show color plot of drain current Ip as a function of drain voltage Vp and gate voltage Ve (stability diagram).
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Influence of hydrogen gas on the growth of semi-polar InN
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Recently, research of non-polar and semi-polar nitride semiconductors have been attracted so much
attention due to its possibility to obtain higher emission efficiency in contrast to that fabricated with polar
face. In the case of InN, m-plane and a-plane InN growth have been reported by Takagi et al. and Lu et al.
[1, 2] using LiAlO; and r-sapphire substrate. In our group, GaAs(110) substrate have been used for the
growth of semi-polar InN. From previous research, it was confirmed that crystalline orientation of InN was
strongly affected by growth temperature [3]. In this paper, it will be reported that growth of semi-polar InN
also has definite dependency by hydrogen in in nitrogen carrier gas.

Growth of semi-polar InN was performed by the conventional MOVPE system with a vertical quartz
glass reactor. Growth temperature was fixed as 575 °C, and trimethylindium (TMIn) and NH; with the
amount of 4x10” and 0.4 atm were used as indium and nitrogen sources, respectively. In this study,
hydrogen in nitrogen carrier gas was changed from 0 (nitrogen carrier gas only) to 0.4% (small amount was
included in nitrogen carrier gas).

InN(11-20), InN(10-13) and InN(20-21) plane were grown on GaAs(110) substrate in the condition of
0% hydrogen in nitrogen carrier gas (nitrogen carrier gas). With increasing the amount of hydrogen in
nitrogen carrier gas such as 0.2 and 0.4%, InN(11-20) peak became very weak and InN(20-21) peak
disappeared totally. Also, it was confirmed from ®-mode XRC of InN(10-13) that crystal was well oriented
when X-ray incident direction was parallel to GaAs(1-10) which means perpendicular to InN(0002).
Whereas, the InN crystal was tilted approximately 1.1~1.4° in the direction of the GaAs[111] when X-ray
incident direction was parallel to GaAs(001) which means parallel to InN(0002).

Because InN(10-13) is more stable than InN(11-20) or InN(20-21) structurally on GaAs(110) substrate, it
is thought that InN(10-13) plane was not decomposed deeply by hydrogen gas in contrast to InN(11-20)
and InN(20-21). However, although InN(10-13) has very similar crystal structure with that of GaAs(110),
there exists structural difference of 1.3° between two crystals. Therefore, it is thought that InN(10-13) plane
take tilting approximately 1.1~1.4° and become more stable when it grows on GaAs(110) substrate. By phi
scan of asymmetric InN(0002) plane, the as-grown InN was twin crystal, however, the integrated intensity
of smaller peak was less than 1% in related to that of the other peak. Also, there existed in-plane anisotropy
in InN(10-13) plane by azimuthal omega scan, however the FWHM of InN(0002) plane (56 arcmin) was
better than that of InN(10-13) plane with all phi angle (65~100 arcmin). From these results, it was
considered that the in-plane anisotropy, especially the FWHM of (10-13) plane in the direction to
GaAs<001> could be improved if the c-axis fluctuation was reduced by nitridation or buffer layer growth.

References

[1]Y. Takagi, D. Muto, T. Yamaguchi, T. Araki and Y. Nanishi, Phys. Stat. Sol. C6 (2009) S425.
[2] H. Lu, W. J. Schaff et al., Appl. Phys. Lett. Vol. 83 (2003) 1136.

[3] H. Murakami, H. C. Cho, M. Suematsu, Y. Kumagai, A. Koukitu (will be published)



FREZEEF b ONATFITLD 2 HFTH

HAK ZEI
BAUBE RN JehmiEs a4 —
e-mail:r-simizu@pc.uec.ac.jp

PER DML L AN E IO T2 YR HAEAT it o i ik Eh & L CoOME 2 12T e HIm L,
FHUZAT S Z etk o2oH 5, LonL, SoETHICER LB REOHIEIXIZE AL LR SR
TWRW, 207D, JRETFORMEZ EFSFHT 2 2 & TR SRR O & 572 %58 %
PR TE %, TI T, AN ETOROFENOZMEE TH L TET oL 2R~
JCHT 2 Z &2 RIE L. fl SN BEEE T b ONEROBMEEZIT> T& /e, 2N ETICHA
[T ARSE A 55 - PPKTP (Periodically Poled KTiOPO,) 12 & % IE D A Ak B & Fio 2 Y16
(X1 1) & PPMgSLT (Periodically Poled MgO-doped Stoichiometric LiTaOs) (2 & %A D JE AR %
B2 IR (M 2) 2B LA, Zhb o2 DRIRILME A DT DAY MA43Ai L LT

R —TH D2, AMARABPEAN 2 Rr> Z & 2R E LTS,

BUNARES RO X ) RIFMEATFRERTFONT A Y v
7 FHEBBREZ R CTERINZV T TANTETA RT—K
FIT XD 20, B IE QB O ERRRE FEER S (2R A <
FMHINTHD, —KIZ, 2HF T 7T AT LT R
7 =N L OFEBEE IS T DB OB 2o T L E K
BFNZXIST D BRI 2~ 3 T & BFEET 5, BEZER
FNDHTHE LTt Hong-Ou-Mandel T-#[2] 3 3Ew I L < b
TEY ., FAEREFO T TIE Franson THEHIINAE4L TH D, 1t
3. Hong-Ou-Mandel T2 &4L D 2 12 & — L o AR I3 E ~
DA DAY NS EEEST CHH SN TE 2, iz,
Franson T#55EICRND 2 T+ THDOa b — L AFFIZ/RT A
NU w s FhHAEBBRER TR T oae —1 oz LB
DT THAINTE, LrL, 2HFFHBICENS 2Tt
— LRI TFTNARTETA RT =T EDAXT MVoAi
AR [20FAT bv) CBEEST THATLZ & T, M
A EIE T & 2,

Alal, FEEBAERE A L & b O IS LD 2 T
ZREL, 2HFARZ hMLE 2 Fae—L AL OEICD
ARG

235 SR
1. R. Shimizu and K. Edamatsu, Opt. Express 17, 16385 (2009).

2.C. Hong, Z. Ou, and L. Mandel, Phys. Rev. Lett. 59, 2044 (1987).
3. J. Franson, Phys. Rev. Lett. 62, 2205 (1989).

g

g &

’

z-pol. wavelength (nm)
g

1560
1560 1570, 1580 1590
y-pal. wavdength (nm)

X 1 PPKTP IZ X v ARk
SNT-ETFbLONKETFO
2HF AT b,

1600

e . PPMgSLT
£

156(1)560 1570 1580 1590 1600
y-pal. wavelength (nm)

X2 PPM@SLT (2 & ¥ ARk
SINT-EFHONLETD2

JeF AT b



FOGEATIZ X B 7KER L= » 7 AR+ D AE R

finlle FRIS, b TR
FOR R LRZR RS L B2
e-mail:kuniof @cc.tuat.ac.jp

1 iFesic

= 7 VKE T IREMOIEMOIEWE TdH 5 Ni(OH), fdh 1%, NiSO, 72 & D Hfaf iz L v 7EfY
ENDHR. BHND Ni(OH), IZEETE TIREE DR Th 5, BHOEMERILD - DIZERE >
EEED Ni(OH), RiFNERENTEY . DX 5 2R+ %2152 72O 13 R B B & k302
T 2 LERH D, £ D HEO—2IZ, TRISIEDEIZ NHz X NH, 2 I3 2 7 iE0n#HE &
TWB Y, —BIZNIZIENHs E = o A AT v I VR E TR T 5 & S b T 52 2, NiZ s
BN IEBE S L TR S NUBUSEATIZ L0 I8 STV DRI T, NH, 28 NiZIoxt L & okk7a s
Z RAZTITOW T S 0TI, AR T, S SUs it 2 T Ni(OH), OFhk: 1%
AT B BRIC . NHL OFSING & 5 BRI F- 0 5B D ZEER0 2 DEROYEIE T O Ni** 6 LU NH, R
Z . Ni(OH), D SSEaATIZ BT 5 NHy ORENZ SOV TRET 21T - 72,
2 EBRHE

25 150ml OB RS S HT S 1.00x10™mol/l @ NaOH %5k 100ml AL, 50°CIZ#% i L 500rpm
THEE L 72, NaOH AR ITEE 2 7278 5 0D (NH4)S0, 8% & 1.70mol/l NiSO, &R % 78 > 772 i)
ICHEAL, WETOpH 21012725 K92 pH 22> hr—F LR 7% T 5.00mol/l NaOH 7%
Ratin Lz, —ERFREICIBRmRE > ) VI THREH L, FTERMEICA Y T LU 7 4 VX
RO TEIESBEZ AT - 7, BRI IXE FHMEEIC TR L, WO NiZTREIZSAFILY
U 4% DREEEET, NHSBREIZA v 7 = — L FWOEEEEZ AW CTRIE Lz,
3 EFFRBIUVUEZ

(NH2) 2SO, AR DTN O A HEIZ L 2 Ni(OH) b DIIR DiEW % Figure IZ7R 7, 18 fu T
IZE VBB NI(OH) KL -1, 28 OBREE S 72 D EHEMR TH
STz, M AR T DACRE OIE S 13, (NH.)2S04 R 2 Ui L
725 A13H 50nm, WA L7 WAL 70nm Tho7-, 7=
(NH4)2SO4 Tk 2 RN L 72 \W g6, BCREaFI LR TRV G 9 L o1
BEEE LT o, IR D NIZHEEEIE, (NHL)oSO, I 2 BN L 720
BAIEEIZ 0mol/l THh - 72708, (NHL)SO, 1A 2 N L 7= 33 60130
&Iz EH LED%—EIZ /2> 72, Ni(OH), OB S a3 &
FARRBICE L 2%, BBIEO pH % 10 IZHR-BH AR5 NiSO, &
(NH.),SO, TR Dfitfa & 1k od 7= & A Wi o NI IR 1T A8
D LIZIE Omol/l 1272572, Z A0 X 0 (NH,)SO, VAR % #i 5t 1 2
W5 &L IR NIt L OREIRRBEDME T2 5 2 & MRy ho
720 FETZJFBH D (NH,),S0, a3 i & EHRAEIC 1T 5 Nid
FEITm < 22 o TWe, RO NHL R, R et B L2
D% —E Lol EFIRREICKIT S NHS EEX, Felomggt :
{6 & L DR 3 M L% 00 LRI LT 0 NHG IS cpamined for et it o
e, ARVMETH - 72, TR O NI ST % NH, HREEDE]  (b) without (NH4),SO4 solution
Bl — 7=y T 2 2 VBRI O NHz OFALEIZEER, NSVMETH - T2,
235 3Lk
1 WHZEZE S, WEEASATWS =y 7L —kE REROTRT, X - F 41—+ A, 2001
2. e RBy—, WIS, SEA(L, H4ER, 2009




Current multipliers based on the quantum current mirror
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The quantum metrological triangle (QMT) among three
physical quantities, frequency, voltage and current combines
the Josephson effect, quantum Hall effect with a third quantum
electrical effect through single eectron tunneling (SET). These 'i
three effects are related by Ohms law and form the three legs of
the QMT. The present-day QMT's third quantity current
possesses relatively low uncertainty compared with the other )
two quantities standards. Achieving a high level of uncertainty | <. 7]
standards (1 part in 10°) in the three quantities for completing | :
the QMT has been the main challenge for researchers working in the field of metrology. The third
guantity current being verified with the aid of current produced from SET devices, this current
could be amplified with the help of cryogenic current comparators (CCC) for metrological
purposes. However, space available for CCC is restricted by dilution refrigerators neck, so ranges
of amplification are questionable.

We are developing current multipliers basing on quantum current mirror (QCM)? effect.
QCM device has two arrays of small Josephson junctions coupled in a slanted capacitance method.
In the QCM device a current in one array is duplicated in the other array in appropriate bias
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1000 conditions. Currents in the two arrays showed 100
8004 V/p=135pv _:; percent accuracy in the Coulomb blockade threshold
- 8009 = 105mK — ;10 region2 at considerably low temperatures. An extension
< 7007 of this device with increasing another array, i.e,

= 600+
>
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400+
300
2004
1004
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doubler device®, also showed a similar phenomenon but
" with an enhanced magnitude of current. Current
amplifications are taking place by increasing number of
arrays around the central array (as shown in Fig.1). In
M /| this poster we present 5 as well as 10 multiplication
&0 70 80 s 10 1 phenomenon basing on the QCM effect with a
Fig.2 V(uv) simplified geometrical arrangement of arrays in the
device. Fig.1 shows the schematic experimental measurement circuit, each crossin box represents
a single Josephson junction. Fig.2 shows 10 multiplication behavior exhibited by the device at the
positive threshold region, gray curve represents combined current produced by al 10 arrays and
black line represents 10 times multiplied curve from the current produced by a central single array.
Overlap among the curves in 10 multiplier is not accurate due to very small coupling capacitance
(14-15aF, according to a simulation result) existing between junction arrays. We are currently
trying fabrication of strongly coupled QCM devices and multipliers in order to increase the
accuracy of the multiplier.

Since amplification of currents are taking place due to intrinsic behavior associated with the
device and no external noise being added during the process of amplification. This device seems
to have promising applications in the field of metrology. Our future directions include increasing
the accuracy of overlapping currents in multiplier devices and conduct precise measurements
using metrological instruments.

i=}
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During the last decade ferromagnetic single electron transistors has received an increased attention due to
their attractive properties for applications such as magnetic read heads and random access memories (MRAM).
Magnetization switching in Magnetic Tunnel Junctions (MTJ) is conventionally done by applying external
magnetic fields. However, recent theoretical studies [1] and experiments [2] showed that it can also be done by
injecting a spin polarized current. This type of magnetization switching is very important for the work of
MRAMSs because it alows for larger storage density, avoidance of cross writing, higher speed, and lower energy
consumption [3]. In our experiment we have fabricated a single electron transistor with ferromagnetic leads
made from cobalt, and aluminum superconducting island separated by aluminum-oxide tunnel barriers. The
device was fabricated by drawing a mask using e-beam lithography over Si substrate coated with PMMA double
layer resist. After developing the double layer resist two angle shadow evaporation technigque was used to deposit
25 nm and 40 nm thick films of aluminum and cobalt, respectively. The tunnel junction was made by oxidation
of aluminum for several minutes using pure oxygen in a vacuumed chamber.

Figure 1(a) shows a SEM image of the fabricated device. The measurement of the device was done in a dilute
refrigerator inside a shielded room. The sample was cooled to a temperature of 115 mK, and a superconducting
magnetic was used to apply the external magnetic field. Measurement cables were all equipped with filters to
achieve the maximum accuracy.

Measured current versus external magnetic field characteristics is shown in Figure 1(b). In the graph we can see
three current measurements | in applied bias voltages V, varies from (500—700 V). The magnetization reversal
point can be noted by a sudden decrease in the current. The external magnetic field is swept from -0.6 to 0.6
Teda. The points in which the magnetization is starting to reverse in the magnetic field are 0.04, 0.11, 0.13 Tesla
in applied voltage of 500, 600, 700 uV , respectively. This phenomenon was probably caused by the increase in
polarized current injected to the island which minimized the required magnetic field to switch the magnetization
in the leads.

1x107?

| V700w

= §x10710
6x1071 ——| 600V
Ax10710
wige | ————— | 1 500uV
Ox10° (b)

06 04 -02 0 02 04 06
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Fig. 1 (a) SEM image of fabricated device. (b) Current vs. increasing external field for three V.
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Motivation
We report thin oxide layer formation using oxygen plasma followed by high-pressure H,O vapor heat
treatment [1] in order to passivate of silicon surfaces. We look for applying this method to fabrication of
our silicon solar cells with thin oxide layers which have roles of surface passivation and quantum-tunneling
conductance [2].
Experimental procedure

(1)520um-thick n-type silicon wafers coated with 100nm-thick thermally grown SiO; layers on the top and
rear surfaces were prepared. (ii)The top thermally grown SiO, layer was removed by etching using buffered
HF acid. (iii)The top surfaces were then treated with oxygen plasma at a RF power of 100 W and with an
oxygen gas at133 Pa at room temperature from 0 to 25 min. (iv) The silicon wafers were then annealed
with 8.8X10° Pa water vapor at 260°C for 3 h. (v) The effective minority carrier lifetime t.;was measured
by method of microwave absorption caused by carriers induced by light illumination to the top surface [3].
Result and discussion

The average value of T Of initial n-type silicon wafer covered with thermally grown SiO, film on the top
and rear surfaces was 1.39 ms. The average value of T was 23.3us when the top SiO, was removed.
Figure 1 shows 1. as a function of duration for oxygen plasma treatment with high pressure H,O vapor
heat treatment. 12min Oxygen plasma treatment followed by 8.8X10° Pa H,O vapor heat treatment for 3h
markedly increased teto 175us. According to the analysis of reflection spectra, formation of 6nm-thick
SiO, film was estimated. This result indicates that the combination of oxygen plasma with H,O vapor heat
treatment silicon oxide film has a capability of thin oxide films passivating the silicon surfaces.
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Fig. 1 < « treated with subsequent high pressure H,O vapor heating
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Germanium (Ge) is one of the very promising candidates as a channel material for future
meta-oxide-semiconductor field effect transistors (MOSFETS) because of its high carrier mobility. A
combination with a high dielectric constant (high-k) material as a gate insulator film is required for the
MOSFETSs to obtain a much higher speed and lower power consumption. Similar to the high-k/Si system
which has an interface layer (IL) of silicon dioxide (SiO,),™ an IL is required to maintain a good interface
condition for the high-k/Ge structure. Although Ge dioxide (GeO,) is one of the solutions for the IL, the
interface between GeO, and Ge is not stable since Ge monoxide (GeO) is easily desorbed during heat
treatments.”*! The GeO desorption leads to a critical deterioration of the interface properties.”” In this
work, the relationship between GeO desorption and the improvements in electrical characteristics of
metal/GeO,/Ge capacitors fabricated by thermal oxidation has been investigated.

GeO desorption characteristics of GeO,/Ge and GeO,/SiO,/Si stacks were investigated by annealing
under ultrahigh vacuum (UHV) conditions. Figure 1 shows the thermal desorption spectroscopy (TDS)
signal of GeO desorbed from GeO,(10 nm) films either on the Ge substrate and SiO,/Si by UHV annealing.
The results clearly show that GeO desorbs from the GeO,/Ge interface at temperatures above 400°C.
Capacitance-voltage (C-V) characteristics of Al/GeO,(10 nm)/p-Ge capacitors fabricated by thermal
oxidation of Ge (100) substrates at various temperatures were evaluated. The densities of fixed charge were
estimated from the flat-band voltage (Vgg) shift of C-V curves (not shown). Although the C-V curves of
samples oxidized at high temperature show a large Vgg shift, the shift was drastically improved by the
oxidation at low temperature. These results prove that
interface formation between GeO,/Ge at low temperature is
effective to improve the electrical properties due to a slow
desorption rate of GeO. Moreover, the Vg shifts were
drastically improved by using post metallization annealing
(PMA) at 300°C in N,. There are virtually no Vgg shifts in
the C-V curve after PMA. Improvements of the minority
carrier generation were also observed in C-V curves of
samples treated with PMA. These results indicate that PMA
at low temperature is a very effective method to improve
the GeO,/Ge interface quality.

TDS
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Introduction

Germanium (Ge) is expected to be one of the candidates of channel materials for future MOSFET
because it has higher intrinsic carrier mobility than Silicon [1]. And it will be used with high-k dielectrics
for small EOT value. However, during fabrication of high-x/Ge structure, Germanium dioxide (GeO,)
formation at the interface is inevitable [2]. GeO, that has thermal instability and water solubility causes
deterioration of the system [3]. So, formation of good quality GeO, dielectric on Ge substrate is needed for
high-k/Ge structure.

In forming excellent metal/GeO,/Ge system, we had suggested that post metal deposition annealing is
effective to improve the electrical properties of the system [4]. Concretely speaking, improvement of Vgg
shift and increase of accumulation capacitance are achieved by the annealing. In this work, we attempted
fabrication of high-i/Ge structure by applying the post metal deposition annealing to the thin GeO, film.

Experimental procedure

p-Ge(100) substrates with a resistivity of 0.1 ~ 1 Qcm were cleaned by conventional chemical process
followed by diluted HF dipping. After each cleaning step, the wafers were rinsed by de-ionized water and
treated blow drying. Then, the samples were immediately loaded into a furnace tube and thermally oxidized
in O, ambient at 400°C for 3 hours to form GeO,/Ge. The CET value of the structure was 6.5 nm. After the
oxidation, Hf metal film (1 nm) deposited on some samples, and metal deposition annealing at 350°C for
30 min was operated in UHV chamber (in situ). And gate electrode and back surface contact of all samples
were formed by conventional vacuum evaporation of Al. Then, C-V measurements were performed.

Result and discussion

Figure 1 shows 1 MHz C-V curves of GeO,/Ge with 1.2
and without Hf deposition annealing. Compared with
as-oxidized sample that has little hysteresis but large 17
negative Vg shift, the sample with Hf deposition
annealing achieved ideal Vg value. And also increase
of accumulation capacitance was attained by the
annealing. According to results of X-ray photoelectron
spectroscopy and thermal desorption spectroscopy
(data not shown), we assumed that these
improvements are achieved by idealization of 0.2 r N

2)With Hf (1 nm) deposition annealin
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Fig. 1 (1) C-V characteristic of GeOZ/Ge structure that was thermally oxidized at 400°C
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Optical Nanofiber Cavity: A Novel Workbench For Cavity-QED
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Sub-wavelength diameter silica fiber, known as optical nanofiber, is becoming a promising workbench
for manipulating single atoms/photons. Due to the confinement of the field in the guided mode the
spontaneous emission of atoms can be strongly modified around the nanofiber and a significant fraction (~
10%) of atomic emission can be coupled to the guided mode [1]. It is experimentally demonstrated that
single atoms can be detected using naonfibers [2]. The coupling between the atom and the nanofiber guided
modes can be substantially improved by introducing an inline fiber cavity. Due to the strong transverse
confinement of the nanofiber guided modes even for moderate finesse cavity the coupling between the
atom and the guided modes will be significantly enhanced. It is theoretically estimated that when the
diameter of the nanofiber is 400 nm and the cavity finesse is 30, almost 94% of the total emission can be
channeled into the guided modes [3]. In this poster we introduce the experimental realization of optical
nanofiber cavity by drilling periodic nano-grooves on an optical nanofiber using focused ion beam (FIB)
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A schematic diagram of the nanofiber cavity and the FIB image of the nano-grooves are shown in Fig. 1.
Such structures induce rather strong modulation of refractive index (~ 1%) compared to the conventional
fiber Bragg gratings (FBGs). Using such FBG structures we have realized nanofiber cavity system. A
typical transmission spectrum of the nanofiber cavity is shown in the Fig. 2. The typica finesse of such
nanofiber cavity is F ~ 20 and the on resonance transmission is ~ 30%. Moreover the structural symmetry
of such FBGs results in polarization selective modes in the nanofiber cavity. Such “atom + nanofiber
cavity” system can become a promising workbench for cavity-QED and quantum non-linear optics and will
find various applications in quantum information technology. Apart from atoms, solid-state quantum
emitters like quantum dots or diamond nano-crystals can also be implemented.
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Localized surface plasmon resonance of silver nanoparticles for
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Along with the advancement of miniaturization, micro dew condensation generated inside of electronics,
which causes electric short and failure, is becoming a serious problem. In order to avoid circuit failure,
detection of micro dew condensation is necessary. The chilled mirror hygrometer is an industrial standard
method for precise dew condensation d s etection. However, in this method, micro dew condensation is
not able to be measured due to the diffraction limit of

light. In order to detect micro dew condensation,

we propose to use spectroscopic response of 20
localized surface plasmon resonance (LSPR) of the
silver nanoparticles. As LSPR is excited in the
vicinity of nanoparticles, it is sensitive for micro dew
condensation. Furthermore, silver nanoparticles are
coated by hydrophilic polymer coating in order to
increase moisture absorption and improve sensitivity.
The sensor is prepared as following. A slide glass
substrate is coated by chromium and silver thin film

25

Absorbance
'_\
o

350 450 550 650 750 850 950

with the thicknesses of 10.7 and 50.0 nm. A colloid Wavelength[nm]

solution of  polyethyleneimine-coated  silver Fig. 1 Absorbance spectra during cooling
nanoparticles was dropped on this substrate.and the process

substrate is then dried.

Fig. 1 shows an absorbance spectra measured at 455 [ "Dew point

various temperatures during in the sensor is cooled 450 « Cycle 1 cooling
down. A peak wavelength is shifted to the long g 445 ; = Cycle 1 heating
wavelengths as cooling, and absorbance is increased. = 440 |- A\ a Cycle 2 cooling
Fig. 2 shows wavelength change of absorbance peak 2 435 | 183 ° Cycle 2 heating
with temperature. The maximum wavelength shift is % 430 F i

40 nm. A rapid change is obtained around 5 °C, £ 425 L !

which is the higher temperature than the dew <5 i !

point of surroundings. It is considered that this g 420 |

result is promoted by capillary condensation. From as :

this result, this sensor is favorable to sensing minute 410 — ' ' '

dew condensation. S5 0 5 10 15 20 25
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