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/ Functional

Connectivity

Coherent Oscillatory
Cortical Activity /

MRFFER TIEL 2004 4F A MRBEAE L0 BF & U CIFZER 2556 LT Rk, IBRAENTZE % ik b 24
BT —<EMEDT, ZOZa—0Af A=Y Y 7 OEHENLEMMEZED TE 72 (Human Brain
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2. Za—OA4XxX=27
BA—ICHVONTWD =2 -0 2= v 7R, AREENIE S B R 2 53 2 5
ER ARG B IS TEAL T A MATE R A EIA T 2 HEICKR SN S, A H I B E
(Electroencephalography : EEG) & &Rl (Magnetoencephalography : MEG). HeERVBERILIEE &
(functional MRL fMRI), EFRSNFHE (NIRS) 23H %, TE. BHKEEREOMI & v Bl 5, I
o RRE D E WV EEG £ 7213 MEG & 25 RRED &\ IMRT Z MAIICH WS 2 & TEI R A A=Y~
TR A Z WOl X 5ICHEE MRI I X A MR R Bk 2 o be s 2 E TFR®
X9 R EIC B 2 WEHEGR A Yy N T =2 2 WS 5 &) HIISHIZE - BIFEAEA TV
%o ARTIIMBOMMEL S, WFTRHiAh=2—0A
A= Y ZIZHF T MEG & fMRI 12 - TR 5,
KB ENAAAE T AR & FIEN 5 = 2 — 1 v o
RZEERII AR BRI IIFEEICEYLTBY), V-7
ABEMIZ & > THIRZERENICER AN, TOEROM
I LTHAVOBEANC X WGP RET 5. T OY
Eoa—ua OSBRI L - TRAET 0 X O
DG E L CRSREES L 552 D2 MEG TH b, 2
ORI OKRE LIF10% T (FAF) OF—5 L Hufg
(10" ~ 10° T) ICHARK 1 E5D 1 LBDTHETH 5.
MEG O FHl 7 — # (21X MR BEGERAL CHA 3 2 iR & IR 7 4 XD EET 5 - o8
LA E b, €Ty MEGEHIITIEXt Yy HHCTO@EHA 5. BEIRoME, Hil, K&
ZHEE T B W AN 24T ) O — R TH B, MEG B2 REDOE SBERTH ), HEBD%
MR ERHEIIZ L TH S Eh 5 EEG &R ) 51 & 12 #5506 2SS O 52 B & 521 12
W7D R CE S IRIEE D TTRETH 5o

—J+ fMRI & MRI % v TG 2 sH 5 2 K cdh b, BAEMV SR TwW5S IMRI Tid. fix
AFEE ARV E O IS B W TR ORFALANE 7 T BV RESHEM L, BiERFILNE
Fav VBEIZRY TS L) MATEEEZRZ S W) FHIE2Z WO N TWwE, BEEAEZOY
NI BRENER, BB FEANE 7 0 € VIZEBIEARTH 5720 MRI ¥ A 7 L W TOHE— 7 B E58 EEH
ZALL., TR MREZHREICKMEI NG, TR X 0 RN 2 MG 2 MRIC X ) BEEE0ICE
W LHENTE S, IMRI TRIMEARZ L2 ~3mm OV 4 ZDOKR7 L VHEATEOEH 2R 52
ENRTE LD, WMOBBOIALBEG-§ % mREERE 2 R 5 B2, GBI 28 E 35 2 EICKE %R
W) % 5T %o L L. IMRI G, BEARIGENIC X » TRIBEMICA U2 HAL T Ls 2 AT E)iE %
FHIS % 72 OB R R E DG < BERMF MR ISR OL F A F I 2 A2 WA B T EICIEE L TV v,

3. RERECITETFHSEYT (OPAM)

OPAM ki, R VE Y ZFHEICEVER LT VA ) ERBET O A Y iz H v CREES 7 1
O E R E T 5 HFBRE v TH D, ST TRV EVFFEEE ERE L 200 AL F—
HWAICBT AETOERZISEZHWT GEFETEMAREDO L —F2MEH) K& RE21EL HET,
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1950 4E127 5 &~ A ® Kastler 2385 L. 1966 4E121E ) — N UVPHZEE 2R3N Tw 5,

CONKRIEY 7 H2T VA EREFIIN L TITWEES v & LTHW IS 1957 AFI2BEICHR
FHINTOPREIMES £ ORI S ARG % @5 2 il 4 2 LD & % ARESGEHN, T
D MEGIZIMEFHTE 2 0nwbnEEZ 5N TWz, Ll Hzaibidic Ay 1 fT/HzY? + — ¥ DR
AT HRGEEBFTSHEF (SQUID) &L NVdH BV SQUID % ¥ CHEIKEA OPAM 12X Y
FERTE D LM S, BHER A - REMTbhTwb,

OPAM 1. BEICAEMAMAEHIZ X LY, BESEREHR (NMR) F5oMBESCHIEREK (MR
Lo AKRE TG H~OIRHNHBENTB Y, E S5ICEEOMM % &0 P58 g
G570 2 Rl T % C EASER SN B4 RIS OME IR E CHIKT 2 2 L2 fifF s Tw 2,

HIfE, OPAM IZIZkk2 25 4 7D L ODBRES N
TV, BWEETE, 2O Thd DRV —_ B
WAWMEEZKR Y THLY =%, To—THL—%0 2 i }gm%ﬁma
DEFBERERLRETHALAMIRTRY T - Ta— BEURIL—F ' /5

7 OPAM (DLF. H12 OPAM EIE8) ZE%L _H ' ’ ________________________

TBY. 20 OPAM 2DV, Z0EHIEH % 3] e N

TZ)O E /
OPAM DEJEITIE A U Y QBRI O S5 Soomt |

o . e e ZAEURE S
boTBY, MAMKEHAIRWIEERENEL %5,

CDAY VEAEM 2D S —KHE LTAY V55

W2ENH B A5, AY VAL ) FRHDSERINC R L b & 9 %5 (Spin-exchange-relaxation-
free: SERF &) # izt v ORED 10°T / HZY> +— 4 T TEEWRETH 5 2 & 272002 4E12
FERMIR S N7z o Ty SERF &k a2z 3Ry 7 - 70— 78» R BEKED OPAM TH %,
OPAM &, MERARFAI/NS K THEWERELZROZ LM TE, £F v VAWM LIZ K D BV 25
RRE % FF o 72 RTINS RIS 20 %0 BIERIYIC 107 T /Hz? & — ¥ OREHIWIFFTE %,

OPAM Tid, £9 4T ADOLNVICHASINIZLAAEOREIZDH 2 7 VA ) @ IZHREEO L —F
KEHT, BRVEVFEGLILICL>TAE VRMS 2L 8¢5, ZORET, FINE N5 /%Y
BIZE Y AY AMEtAS MV 7 223 Tz L, FMRGL —F EE T2 H1TT VA ) @RIETFI2H T
SN70—7 L —FOEMELE A A ¥ U HO 71 — 7 H 5 X S BEEOGFRI RIS & 0 [lixg
LHEERFHNT 2 &) FETEET 5, 2B, FVINES & BEEA & ORRIE L VINEBOIRER R » 7
L—HiifE, 7u—7 L —HFEE TIVh ) SREFOME LR EOFHINEIIC X > TEILT 5, KDY
AT Bt pT LT OEICB W TIXEVIMEES & Mz i3 bpl L T b & Ak, T OS5I
MEG FHINZHR I L T 5,

% #5304 urad TH 5,
ﬁ
|
AR, A D MEGEHIHICHELZEY 2 — Vvl '><'

/<
OPAM #7/R9 ZOEY 22— VEI OPAM Tld. 5 At Potassium cell 83 mm 95 mm

4. OPAM (C& % MEG &A1

OPAM # w7 MEGRFMIIZDo W Tk, 2hFT
Princeton K%, PTB & NIST. Wisconsin K4=® &M5E
TNV—=THELTw5, Fx b OPAM % w72 MEG
FHOEBIZHT T, EY 2 — VD OPAM O & &AL
ENBALZ YD, ZOFEY 22— VR OPAM % H W T,

Pump beam

Probe beam

190 mm
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Wy BT 748 ¥R b= —, WM 2L —kE o THBY ., KM 64cm® %5 S 19cm FEIE
OMERITH ), WERICE Y RIKE R B A )T 2B FHAL—H 2cm DV HERT I A€V HF LT
W5,

COEY2—=NVE OPAM # HlWTC, #EBEHEICE—THEART L2, TOREICHIRE PAIRZ#D
BELTHHW, 2O, BIEHOHEITEICEE L72E Y 2 — )V OPAM Tl % 800 #2
FHUL 720 2Dk, 813Hz DNV K2SA T 4 W %0t SHIC8HIZW Y L7727 — % OG5
EREERFEE (ERD) 215720 72, WHEPAHRIREE T OB REREYS D IR D 72D (ZEHI L BHHRIZHE S
ERD ## 2 2 H 0 T& 7z (JJAP, 2015),

AHERZ, Y 22—V OPAM TEHU L 7=
ERD. A T IZ. B 7zH, &EMO
SQUID-MEG ¥ A5 4 (Neuromag ) %= Hw
TFHIIL 72 ERD TH 0. 102ch D~ 7 % b % — .
& CEHM L 724G o ¢, AR T (Inion) I
KR D EWMETORBEERT WTNOMRELR |
7225 B B 1000 ms {3 T WMET % i
ERD 22 5N Twb, <

Frld, €512, TOEY2—)VEI OPAM % 0
MW7 EAREBICERLEF = v 7 —KR— Nl b
WK T 2 BEBRBEER (VEF) OFMICH [(Je—7%" | I

B AR/ PR

B FAHR

NE
7N

2000 4000 6000 8000

WL TV2, &5, OPAM #MVLAMERE S Fa o a )
FHIZOWTIE,. B L 72 MCG, MEG O 10f: A /v VA A

[

Micd, FerOWRETIISSICHEMAERT = 90
BIEBEN A REE T2 EWX (MSG) oFH 60

)

BANR/ PAHR

WL CHOHAEMEL DTV D, 40 -
OPAM % M\ 7= KA S A 7 2 DFEH 20 F BANR o FAHE g

" AN

0 2000 4000 6000 8000
W (ms)

LR B LIZIT T, 6% 2 EEREIEL T v 0
ANV RD BN L, £ T, HBWFAZETIE
B /A XMWl $ 587 hike LT
OPAM 1238 L 7206502 2B aHl 2 17 9 KSR
TJITFARA—BERE LT BFENT T VF A =5 TEIEVHOD 2 7 FrOFHIMEICB) 25025 %
1 RO 70— THOBENFE A EHE ST L, ZDO0NT7 7 4 NZFH L2 IcBWT
DR/ A KRR ETE 2o/ BICHE L7 EETH 5. HFEWN T T IV A =51k 1 RD
Ta—70% 2 r FrOFHIEICHEE S E2H%, KTV A= TZNHT 5 CONRFNTITIHA—F
I2& D 10 Hz IBWT 93 fT/HzY? DIREEDHER S NBEICHEFEATH 5 (Optics Express, 2015) .
OPAM O% F x A MUIZDWTIE, NEREVE I F ¥ RNV ELTENET LALT 2 kL K&
R VHNICHEBOY — A3 EED . £XERE 1 F v AV e L THRENFEREHIZ X2 2 >0 )k
Hbo BHRETIEZOWMGEZOWTIIERE ZHD TV LD, FIZBRED—DDORE LV ZHW
HYAITIE. UMIEEPRE LK & Bb b vz 2O 7 VA ) &EE T2 FERICHA LN, T
) v F# OPAM (Optics Express, 2016) %7 v 3 VI OFEDOY)—LIZEFITH %,

5. #BEEiS MRl E#HRBRIGEA X -2 2 JICATT
JEAE, MRI QBRI CIEN— FY 27 CL ERELR/8T LIV A A — V¥ 72 X 2 a0tz &
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BROLNTWD, —J, - E LT, B
MRIWCH LA EE > TET WD, BIIE, SR Tk
BACREBOFERZE N A SR & L CRkiE S e
A EOBHIZRT 03T —K#E MRI 2E (HZ, AIRIS
Vento) #HWT, i@z ALY 0y 7 v —r v A
XD MRIEAZ L L CHEBERZ 28 EH O fMRI 0%
BUCIN T T, #aw & EBROWH 2 5 Mat & D T b,

COMREPATL T, FrIZEY 2 —VEI OPAM % &
VAR L, R TR L 72 MEG % & O AR SAE 5 DI
WS W B e < OV — 4L R ARG MRI ¥ A 7 A
OEHZ B L TH% - F%2EDTEX 2. OPAM O X 0.3T MR
9 VAR e 00w 3 O 1 I e g S v & VUG
Wt EEAS 1 u T ~ 1mT © MRI % $f§ vl fiE 72 WA MRI
DOEBLMHEETDH V. JRE L BEHE O WG 8 2 kA4
KR A A=V 2 7Y AT A OFEBAN & BEDD I &
LCZOR% - LK E 20T > T b,

2016 1%, KEAEL D pre-polarized 2 4 WV, 2 KBS
BOANMIANEMZ 2T T 2 ANT VAT 5=,
EYV 2 — VA OPAM %M EA bR 7272 % IR MRI
YATFAOTU b E A THERGE - RIEL. T —E TR S N ‘
¥o5kH (BFREMBREE - #1175uT) 1I2BWT. NMR B ~ = ‘
DOEHI L MRI O#%I2L L7z (Journal of Magnetic "\ /
Resonance, 2017), e, S 51CHK 4 OWFEETHELC ”’UTI'EI)W field MRI
AL - BUYEL Y 2 — VEI OPAM 2% v & LT
IV 2 sy CBOE uT) & 3 WA BemEss & E T BE 20 48
K%Y MRI (ULF-MRI) 24 V¥ 2724 (G TERE) % v CHgERY % EHEHI T RE 28 72 7% IMRI
REBTRE, BRY—NVEFHNICRE L2034 VY A7 %2 HWT, BEILBESHIE 720128
Bt D 720 O & EBAE TR 2 SV A Y — 4 v ZADBFE D TV 5,

KRR MRT W&, BLET =T 4 7727 bAVKSLTER LR, TIHMAIT Y T A MosE < EE
@AY P ARNTRINTE S Lo 2miEs MRIWCIEZWE L OEFRZHLTWAS, $72. OPAM
%t LT LIRS MR, 258 O/ AR AN L 2 ) v M35 B 2 Lo EFO7Y) =
7 EANDERBESH T, SHLICRBEICEWTAZLITRETHY. TOFEAMLICE > THHERED
A7) ==y R RICHES T LI IR EN S,

6. LIV

KEGTHA L7 OPAM IE, ZOREOEENS =2 —0Af A—J Y Z5HICE T S FRAFHINCHE
WS DR R GBICA I RN— a VRN TI ALY T FRRITRELTREMEZELTWE, T2, K
B VI, S RALE, OPAM Z2ib@ot & LTHWAS MRI & MEG & EZRia—M b L7z~
VNFE—F NG -0 A=Y v F Y AT LA0FEHIZ, 2L 0FICBLINTVSE bOEKRM
PERED X 1 = X LRI L EERISHICER L b D TH 5,

Gty €Y 2 — VAL OPAM O & 5 73 5 BIEEAL - /NUME- 2 F v A WUVLE KD Fiich=a—0f A —
VYT VAT AORMERICINNTT, A =T 4 I RX—= 3 YIZX B %L OILFEFSE & EBR T 7 H
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R (BXOAMBER) 127 vy 2 ME2-ET L EAEE L, 20 X9 L2 BEIIHL) &
V) 72HDETFTNE LT, AFETIIEEEDSRORE AN TRABR TS 2HEFRZHRHL T2,

%1 = A(E R + B(E p)ur

ERICBWT b REEHEEE 2L, 0 BE O w ZFNEREL R ICBAREBIOCADZHET, T
7on ErWFRTECT VAR L DR PVTH), A(EW) BEUB(EWY IZZDT Vv FLRT MV
WX o THAEE ST ¥ ¥ 270 TH Do HONIIIDZROIKEE x, (L7225 THIST M) 1. 72
EZuo 5 up FTOANPMEENTH 72 LTHHEFRNICLIET DRV,

W AT 9 ECied EEI OB RIFIEO —D10%E M GEd 82 IXRED 0 ([CPOET 2 HH) 728
Hbo KT, LilMRROREEY LETTOBEKRTHEE O TS, V7 7/ 7A-%S LIRS
FHROBERICKII L7z 2D 777 7RENICHE DL 2 & T MRRDRE R B EMBH A HET D
%o T2 BHLA) T T IARERIRE T ERRET D720 O LR IIRT 2 2 EDSWHETH %,
DIFTIRZD L) Bikito—B 2 a4 5. fli#llz 20 %0wEes (Lz> TANIZ0 THE) Og
AR 20=11,0,01" Db L TR DX )R DERREEZ Do 1272 LK1 Tld, ROBFFEAESE
HTHAHZLITHIBLT, 100 ) ORABREOEREGDE (1 OE1RITDA) ZERL TS, X
POWLILREY. COREIALETH D, ZDLI BRI L, VT 77 7AERIHED ELELIR
74— Ny 7 %%&RIL, @ LREEER 2R, 72720, ZORIZBWTH 100 ) o JA®
BrEQAbETE)., TORKBEOARICIEK 1 THW 20 LW UMIMES X O &, OERE
W7z, X2 TIEIREAZOWCPOR L TE Y, B b2 ENTWE LR TE 5,
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SREIZEE S8 XATLRPE (XBWEE)
http://turbine.kuee.kyoto-u.ac.jp/
[van der Pol FRERX D7 VLI ERTE 71147 - hA X

FERIEIREYE (1] 13, BEKRAZBICBIT 2 H L2 HDEHRT 2.0
HLD, KREPZITHLVWHROFEETH 5. Ay 7% van der Pol Lol
HRERX (b L2y Ji# % Liénard Z#th, ©REZ

FmL7z3 ®) . 00/
x3
9‘c=x—?—y, y =¢(x—b) ~1.0¢
X e RSV E E VDY B FREERE ) T (F 20 B
F#DT TV AETHF—) (canard) L BTN B) v 10 —05 00 05 10 15
M 22 o, 7 e VRIE. B+ A & ISR ER O Y
RUBE 2 B Ly 1980 AFEAG IS 1B HE ST 25 4 FH W RS 912 F e & B 1:#2GTEIVE

N7zo W11, ERXTe=01DE E WL OhD b Dl (b=B,01
Ty B0l 3HHEREO n HETZFAPI L TRD /2285 2 Z i, FEMIZ[2) 2SBoZ L) T4, &
FIRETOBBOBMER (ZNZFNEHE) 2ERTERLEZLOTHSL GEFLIE, v & y AT
HHIEIHEE) e SONF—VROKEIZ. T AT bEIFZADDVL  O(exp(—1/¢)) ZLE¥7272
T BAKREL O ZEILTAHILTHD, D) —DOORBIE. BBxXNVT T4 Y (k=0%3
SUKHIAR © WA OARELRM (BAHROH) IZH->THZETHDE (1L ALOMBEIX. O
POHEENS X ICE A, TOD 0(e) HBEIC, RSO TEH B H )0 e VNS L
b, SOICAHARERRIRE AT 5,

X 21%, €=0.01 Tb=DBogo PEXDHRETH S (e=01DL X|ZHRT, /85 27 b DIEDED 51X,
ESIIMIPICR D). THIZ, —2DNRTF X FHE —DDMIPEICH T AR TH S, HHEkiE 2 kicH
BRTHLDOT, 2D LX) BRIFITRIMTFAICH VIRV 212, A+ ANICABAIZEMHEO 235,
EEHRIC L o THEMWIZE S V20w AF APREAET S Lk, H»pbHaonTnw5d, L L, Abf
ZEDPIRIENE 2 AL, EPAFAREDA DI Z AL TH D, BNEZLIZ, 205D+ 21d. x
ANTTA Y DOEERE (FO) > TEI [RERTAFTIZA] X TERENTVWS, X
K [2] Tl FF B ER O WL [3] SRR ERER R 7 14 77 ) MPFR & W72 BAEREHTIC X D,
TR > THEDS (FE12) BB, FEV/NEHEORBEORRAZBZ T, TORIIPCELTL
FoZEDEMA T AREDOREKNTHALZ EZWSNIIL (FiX, 4h->TLEH & ZoHHREIT
WD HIOBRETH o720 2F 0, WA HEXEZFHENITEN -2 L DH 5 NIIZFAOEETH % A,
WA 22 38 7 S TS T o 7 BB O R BB 1 [ AT BRIBEI ) %
SEHEACEE CPiRIC—3) LTLEH LMoL 2f -]
WEERBINIR > TRELTWDTH B),

‘39,0.01 —]
z-null - - -
cline

BEH ol
[1] Chihiro Hayashi: Nonlinear Oscillations in Physical Systems
(1985). EH B HE WL &L, UCLADOEETCZOR (MO —1t
McGraw Hill i Ci37% <. Princeton M) % @27 CTEATHEA
L7722 EZBATVEN, HRADOFW/EHMET, 2his — oo 04 os
HRPTE L ELCHEN TV IR VO TIE VD , y

[2] S. Doi, T. Kodama, H. Oosaki, “Importance of sufficient
precision in stable dynamics for the numerical computation of 8ol
canards in singularly perturbed systems,” Nonlinear Theory /
and Its Applications, IEICE, vol. 6, no. 4, pp. 454-465 (2015) -2t
[3] J. Moehlis, “Canards for a reduction of the Hodgkin-Huxley 12 1'315 (x 104)1'4
equations,” J. Math. Biol,, vol. 52, no. 2, pp. 141-153 (2006) 21T 145« HFZ
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EWMITFEE SHORIFSEF FIHAREE)
http://cct.kuee.kyoto-u.ac.jp/
[BEAFRIRET IV E AV ZlREFRESDOE KRR

x&v%UTw%fﬁf%:7X&E\@%&ﬁ%ﬁ%%ﬂmLf%@ﬁ%%ﬁéﬂ@ﬁ&ﬁ&ﬁé
NTV DA, BB EIC BT 2 BRAORSL BV EILRT 22 L3 L . 2L OBEITERA
>31u—vay%mw%%ﬁ#%ﬁ2%u&éo:mliaﬁmﬁ%ﬁﬁﬁ%mwfﬁﬁfén
B OMMEALA T REIC 2 D . BB R ORREINE O RITH 2 EPWIFTE %, %ka%é%%
M LZBEBETIVE LTiE, M EEEET VRIS HHNTWBE A, iz 2HEICIEHB23H 5,
Bl ZAE 1 D X 9 7 MRS G 20 U CRBIESAS L2235 A0S 2 B4 2354, @050
O & 7V CLEIHR G 2 )3 B S L B2 72 72 O] 2 T

T R 2 B 7 T VORI ISR 2283 E <L 2 27 2 Vo FRRRISH LT ANV AR
DR R L EBROBERON T, V< —7 )b kSR E SR o B & MG B e v
T TWRICUEE 50 COFHRRIBERECRIEFICENTH 2P, 77 FDOL I ICHREDE A
Ui WL DRI L v

COX D IS LT, ESEROMBHERICB W OLE ¢ TRENMEHRT 22 boZ L ik
12, BREOWMBEMBE Q BRI 22 HE Lz, RO &5 ZikE i #% H w7221l Bl € 7L O3
ZaAT-> 72 [1]o

d [Q] [ 0 J‘;’] Q 27rﬂEeX(Z)

E[I]_ i c [I]_ Inka
—jw 0 0

2 \PERORFH ORI H R, o $EAREE. RIZAFEORE. 6 1 17T0mElHIZ /M EBE R X
BihRZR L, 58 2T I3 EM AT %0 HUBRHEE 1 KCTRWT 7 FEAOIRSL VW2 KB TE,
NS EFEHT HILITLD, B BEREEICIRTE %,

H iYiV%@éht3$@$§%ﬁ%(%h%hﬁéBmm) XL CTEAPAG L2 E 0%
BRI BT 2 BIEO A WEFIFEA RIRET IV EBBHR Y I 2 -3y (F—X Y ME) ETHEKL
%@T&é#\ EEEE TN & o THIRRBGE L EOR P RBITE TR 2 Db b, 2D L9
(2 BB % Bt L 72 B 7V 2 W B 2 & CRUME 7 88 7% o S RAT A3 0] BE S Ze U, B2
BWEHZ ORI OB LEEZTnh,

SE W
[1] T. Kimura, T. Hisakado, T. Matsushima, O. Wada, “Time domain model for reaction of radiation on
thin cut wires,” Metamaterials’ 2016, Poster No. 49, Crete, Greece, (September 2016).

x10 ‘

—_ =proposed
£6 . | MoM
=4
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o
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50 100 150 200 250
, - frequency[GHz]
l 1 ’ﬂﬂﬁ%ﬁﬂ% 2 YEIBBEHICHTBEERETIVEEHERBIROLE
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BEFYETEEE AEFIHIZSE (MTAMREE)
http://qip.kuee.kyoto-u.ac.jp/index.html
[EFHOhKERAVWE. B2 EEEXH BRI & %]

ST BRI BT 1. BRI B VT, MR &S F EE RMRoB RN E L CaEcE L L
TWEJ, 512, MiRHLEORBHOWEIGEA~DILH b HED LN TB Y, RYBADBW % &
ANOMFLHED SN TVE T, L) EVESHREOEBUIIEHICEETT,

ST PR BT O SRR 2 1 E X8 51213, X IEWROGEZH VL LERH Y 3, L
M UGHOF IR Z LT 2 & HOWE T L IO MITHREN R 2 2 HHESHIC LY HREEIHICSH
ITHEVITIL B, HEZSum 25 10 um FEICHR I T Lz, T2y b
kL LT BT 201000 20 TR FTH 2R 2= LT HEIEHEMN 25 2002 F1CRESNF L
720 SOHBETIE, FBMICHEEEE SIS & 2 50 FREDO B R . BV rfgiE 2 5N 5 2 & 3 HIfE
EhEd,

Faix, AL ERIEVFEEROR T 0GR EZ B, RS 25, 054 um O5FREIC
MY 2RFTHE2ZEILE Lz, ZhE. HEROGHRTBIGE O 5 FIHGE Titsk S h Cw - RGs
075um M2 AHTT, SHIT, COBESMRED. FHUIEE OK) Rk TlRIETIEELZ T L
WZEBFEIEL F Lz BT 20100IHEICIE. WE - MR FERE O BI%E L 72 S Rh =R e U AR & 35
TE2HWE L7

FEEHRERZHLIRLE T, K1), Bohzlae —L Y ZATE#TY MBS, Mt
FETBERELZRLE T, ZOTHROME (15 um) 25 JEWEicE DR S /e z 5.2 £ 3. X 1(b) 1&.
HEEHIC Imm DK E A L7 E O R TT . KOBEESHOLET, THEEE L LD,
SIREED 15um 225 78 um IZKREL KL TV ET, K1) ik, BT o 2 b1
DOFERTT, M, SERERZE, ML T & MK L2250 (REEHED) 2R_LCwEd, 208
FrRF T, GRS —HT 2L A THREHD0ICE D), TOEADIES, HHiEEL 52T T,
COEBRTIE, = TOLRIREIGE O3 S ke
054 um YT % 26T THImL I TWY

9o ML) 3 BB Imm DK % § - - 2 ™

ALTHBORETT, KT —LY 2T & 2 | S e

OB (1) K& B Y 056 8 &% B

um . KDEAEL GV R LS EBL 310 RN <

LTwddhe B, SORTEIMEHRED £ Fos = 15

I EEALIC I 72098 % . JST-CREST 03i% 2 ... Ml 15umfg -‘
0.0 s © 4 -2 0 2 4

X . ) 4 2 0 2
0){) C‘:*EIEL/CV ij_o Z!Kﬁﬁ%%ﬂj:‘ %g *d‘ De|ay(um)

BT FE B O A I LT ZE R & AR R
DOVGEMZEL S & OILFRPE T,

N
=)

_—
o

Z#3CHL © M. Okano, H. H. Lim, R. Okamoto,
N. Nishizawa, S. Kurimura & S. Takeuchi,

“0.54 um resolution two-photon

o
)

Normalized intensity ©
o

7.8 um

With 1 mm thick water
Coincidence counts (/10s) &

interference with dispersion cancellation for 005420 2 4 4 2 0 2 4
quantum optical coherence tomography” Delay (um) Delay (um)
Scientific Reports 5, 18042, December (2015). 1. EBERER,
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BEFYPMIFHEE FEEYPUHIEIT (KEHRE)
http://semicon.kuee.kyoto-u.ac.jp/
[SIC DX+ ) 7HHEHEBEMES 1 4+ — NICET 2 E582H%E

i 1~3 kV #® SiC (jfbE:#) /87— MOSFET & ¥ 3 v M ¥ —[EREY 4 + — FIZERLDIET Y,
KFEOEE, KbEEWHA STy, =73y, BHE, BEXAHBELR CCHELZA L AMEIIREINLTY
T35, LLads, ZENEOBENA v 7 7 AR MEEHEEBREICIE, 10 KV @808 i
JEDOIRT —FNA ADPNERENET T, ZOLH) BB NEZLHR (K—Ei. ER-Ritk &) 758,
BUEIZMTTE 6~8 KVAED SiH A4 ) ZAZBHCOLNTWE§45, BHEEOBHIHEENSKE L, BTG
WEWI)EEZEZTVWE T, BEITECH T, PEEF ) 7TOFEAZGEHT S SIC N R—F 73
AZX PINFAF—=F, ¥4V R%, IGBT %) PELTYT. L2LAEDL. BET NS RAHLR
SiICEE2ED, 10 kVBHROTFTNA A% FEHT 5701201, FidmB LT A 2ZEROWEIZ BT
FENDH ) T3, AEF ) TOEAZTEHT A5 K—=5 73, 2ATIE, Fx U 7THEMGOBK L HH
MHEEL 2D FT, /2. BREPEMRPHETRE TOMIEZE 7N, ARG 2 ERT 2 LENH D
9, SN, ¥+ U 7 HaHE S BEE PIN 74 4 — FOERICHE T 2% 2 Bz L Ed,

AHFFEECTIE, SICICBUI A F v ) 7HMHIRKMIIREZRILTH S 2 2 MET 5 &I, EiRsh
BALZRET Z LIk 5Ty CORELILAZIEESH 200 um ICHS TEITEAICHRTX L2 L2 /ML
T L7 MEEBEDOSICOF ¥ ) 7HMIT1~2us TTA, REZILZMHIELZ LI, Fr )
T & 50~100 us WA TE 3, Slld. RFEZLILE M S 7m0 SiC a2 B o 2L
2T EICE D, ITEOREZERILEE, CVWTENZLZOF Y ) 7HGEHALIZEZHBE LI L. &
IBGLEIZ X 2 R FZB2ILOARIE, E TR T AR MOBEHRFEEZFIHLTB Y., HBOmANS
FOVES KM L TH—ICRFERLILZER EEL T EPTRETT, M11Z, STOHFECIOERL
SICHEDOF X ) 7HGO~ Y ¥ FfEREZRL T, BMRED FA L ITREZILEEI AT
L5720, XV TEGVEL LI ED GNP ET AFEEHVAZ LIZLD, 7N, ZAEEICHRE
¥y ) TEGEH-POFHERIEONDL Z L2500 F L2 (1

WU, RFEILE IR S B2 EmHE SiIC RS2 HWTPIN ¥4+ — FOEBICH ) flaE Lz, T
UERIC B L BEAE T ZRM ST L5720, MEHOBEAREMEEZEZR L. ZEA T VIEAICIVERL
F L7z, T2, REBIEZIHT L7202, FUA I FERZEHLE L2, EX98 um OE#iE SiC
J& % FWTIER L 72 PIN 4 + — FOMEL AR ZK 2 1R LT3, Fx ) 7HalRIC L 0 B0
PES R HN 16 m Q cm? L W) RO T/HE W (BN F VP25 2 e TEF Lz, A RF v
U TEADPLZWEAOF VHEPUIH 150 m Q cm? EBER SN T TOT, Fx ) TIEAIC L B8R
BIEBRKEL BT BIEDRGPDFET, DT A F—FIZ13kV V) BEVITEZER L, E RS
LI EA R T 22 ERMER LT L2, 20 X VEWSICHSZ AW A4+ — FTIE# 27 kV
EVIREHEDER TETVET 2, SREIFTHEDO TRICIVEAT Y 7TORS F W56 %
fEL., S522EMRILZERLES,

[1] E. Saito et al, Appl. Phys. Exp. 9, 061303 (2016). [2] N. Kaji et al., IEEE Trans. Electron Devices 62,
374 (2015).

1207““\‘“‘\““\““\““\‘“‘\““\““\““;““ T
— 13 kV SiC PiN H
[ks] B =i Tols) ESR— e bf ,,,,,,, ]
10 3 With lifetime !
i > 80[ enhancement ! .
8 = Ron = 1.6 mQcem? K ]
c BOF J ]
6 S f NS \ ]
S 40p /T Without lifetime
4 g [ K enhancement
o 20? (298 K) /[ Ron = 6.7 mQcm?
2 TR LA N
0 1 2 3 4 5
& 0 Forward Voltage (V)
K1 EL2EETHLEZEL - SICHBO B2 13 kV#& SiC PIN 4174 — FOIEHMA
v UT7HEGI BR—EEHE (F+ U T7HEDERORR)
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EFYPMIFHEE EFMHHAYEIESET (LBAFRE)
http://piezo.kuee.kyoto-u.ac.jp/
[/ ERICBET IRERTOI I —8RICEAT 2%

AR & AR O FETH OB B WV CTUEL RS T2 LT 5720, BEOETHHEO 28 LA
R, EHMNRBARLIIRE S RE2WENHRT S, 29 LZRFEE (= 7 2H) owkmitz
BHONCTH T LI, PIZIEKEFLICBWTEREL 2 2L LEWENOWAROEN - WELE, SF
ST RFEHATEAOICHERICEREICOLRY S, bIitbiuid, i EE ] B8 7 F& 1% B2 i 5 - 15 ) S
5 (FM-AFM) 2RX— A2, FB3RILT A — Ay THELEWITF-LFEERZH VLI LT, KEK -
AR S A O KA E O 5 F L XV O AL, S 5IIEZO RO R T &)V F— (= FLim )
DOEBMBIEI L7 BRI E TORGET 2OV X — 02 LI 5 T BEsEE (AFM) O#EsHE
B OWMEADRKM D O OB T 5 Z LITERT 225, SHEFEITHEERDFIREIC L > THI &S
ENb, KRR TIE. COWMEOHMKMELEICOWTHEH L. Bkt 2L F — 2 5 ERE~DZEH R,
RWERT S E L BT, TN EEBRYISKHEE L 72,

CZTIE EBRAMEELT, KLIRT XA T AFM #8F CRER ozkEiie) ke (I
BIRIE A) 3 2B0Z OREEB ORERIIC X AR ALV F - E Z 2 5, X (1) D2 I0H
S, BT AN F— D(z)  SEFORFEZ LB T 25 v(2) ~NOEWRKRTH b, = OEHERIL,
AFM 5B Tl X K WS N M5 - HEERIZEHE O, bW 2 Padé il % v % Sader %
R oEH 2RI THE SN,

) 2 D 1 -1 d(D)d,\/;x 1 dz(D)d,

=—_ —— + .

T AW 4\/;Amf’ \/z'—z dZ \w’ : A‘[ 7 -zdd" \w’ ‘ (1)
22T, Ao D B X OHEEHRE) O M B W EL o 12, BEST — SR

B 2 \THAET A E RS (D=D(z), w=w(z)o ZDEHIIX

3ODEMN S LH, Wi REEH OB TIIRONE LS

12, D(z) BEBOBEIE, FNRELHESTERD 7(2) bERK B

Y b (Y(2) DS 2 AR L e — B Ze SO & S R BT

2 WIERE) o AFM RS, st
FEE T S N BR T ROV ¥ — O EHMEEIE (K2 (2) %. o ®
K1) TER UL 25, EEEETIRE | HALRMTH ). ]

BECILA 1A D OFLAMA Ty 8 3D 5 D% 52K - z

R %o L2 WEAREOMBIE (I 2(b): K &thr & D% ),
RO ELIOREYE A & BRI 80 5 R & > TEBL SR
by BDXEBIAREFBOAN S 0% L (- 2b) | EHLMN%E
KEH 5 OFE) . TS O R 0K TR 5 0%
G (B2(b) 1 7/ AT = VRBOKGFTRHD%T) CHT2IE g1 BRRERECIESEST
D Hoze TOEI RTEICE ST, HRhF /AT = 2 aev metOBAE, FE-
A T OE R EMEREGHISEDS AN THD LD e e 50 AFM 2SH %
PO Gt RMAG TR 755 F LSV TORE - Wi Smesy | c#235n5 =

s il VA S Sy i N
DI TR & ZORTAHERT 5 b 0 LS 5, BB & Nt AFM Tld. B

#1129 kHz, #R7& A = 0.16 nm.

=
S
(=]

Z 100 : : , :

= 300} Experiment | Z g, | EANGKRERILOFS

5 Fitedcurve |- 2 INN ——— F/RT-LEOKSFHEOES ]

£ 2001 = AN KEhDBEOES

-3 e 40 AN

=

2 1007 2 g0f~e )

‘7 0 > . . . ‘ i a 0 ; , " R —

£ 02 0 02 04 06 08 1 0.2 0 02 04 06 08 1
(a) Distance [nm] (b) Distance [nm]

X 2: (@) FM-AFM (IC& > TSN A-ER T RV —DiFet - REBEEAOKEHES LIV ZTD T 1 v
T THEE O@DT1y T JHBIPOEBIN-REHIEE ZOERNSZE EBENSTS
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EFHREISFEE EFEHIFSET (EHFMREE)
http://www-lab15.kuee.kyoto-u.ac.jp/
[EIGLE 171 1 v TIVE I LA * > BEIBBOE—1 4> 9%k

T OILEEREEIE, ZFOMMEEIIEOWTIEMHICE T S, CORBENLL, Yy ARTORA 7
OO LD, BEOROREHRE 2o Twd, BTRGEE I35 E 7o LB 12 Hl# S 58k
. ZOLIBAERMEL UTHERT S & FEBOAHED»S1E 10" BIET 5. JETFREO I EBE KO
FUTANRY S EE, MEL T L ENSL b, BEIEG, bbb RO I & Lk
LA L, M TEYMEBOHEZTY L XXM T 5, TR S, JEHEILIEDSEHEIE O JFE 1 FET
T Rb BRI EH SN Tw 5,

WD S EHWATIUE, DSV CRERATIRETE S, L L. Wk EREIC X 505
ZAb & EMEICHIE T & 2, SRR IERE I3 T S e v, LB RO S S 2 AR X
H5I120E, BB 2 REHEAAVN S VI 28N L, 220, HIBEERE 2L S8 2 BRI 7%
WERBEICEF 2 BL . DX ) iRt R E LT — A F VDS B, Bi— A1 F VR TIE,
JET-% A+ VAL L CBEEZRORNERIC 120, Bl UAD THHT 5. 07 L 72855
JHT 2B 720, WBEEEOARHE»SZEDbOTNEWETFIEN S,

Feald A v TIVET LA F Y (Yb) IZiEH L7zo Yb ICIZBEM Stk St Jbng (LUF, BEEHER)
% b OREFMAR1TL 3B %o Yb' OFRFEMRIIEA Y V2 D70, FHEAMITEHIHMEEICHZL L
MM 22 B0 YD Tld BEAE VS 1/2 O 708 SEIZD > L DHME LD, LELT L L —F—
FHOREDD % T T, MBOIFEL DDA 4 Y HIL, ORI ERRIVES U E R He' Lk <,
BT YD AL RA T VD1 DO TH D,

H—Yb' 1Z, BREZEPIZAF Y NIy T XIENLEMEZRE L, ZOBEMIZPHF N7z 22/
LTHWS, A F 73, A—7UbEFa2E—2RICEFL, BT L—HF %% 5y 7HNTH
WLTAF MR T Yy VL EZR LAEKT 5. M7 v 7 L7z Yb IZiE, Witz 83 584540
A S AR TS L2 L —F— 2N T 5, SIS DEe2BTs L b1, L—¥F—=2
JHTCH5 25 0E2FH LTSy Z7HOICIZIZHIE S &
b, L= —HELITH, "Yb T4+ ¥ 1 lH720
1R @ 5,000 il O LT A S 4 4 > 1% %
MLThTy 7WEETH L, LT, HilBBE2ikES
HL—HF—%MRE L, AXRY PVERET 5, HiER
AR MVIEDFRAD T, FIRANRZ PR L
L —F— 2By 4 5, BIEILZH—"Yb D
’S1/2(F=0) — "D3/o(F=2) KFtBERB DAY MV %2 IR
FTo AF VX1 HMAEDT, 1 ROHMTIZL —F—D

F2WILL 72, Lrdrolzy EWVIHIERLDG05 %0, RS REL 2 /MHz2
L —H— DR W5 % Eg LTl b & D & LBE L T X1 BE TR EZAXT ML
HEAER 2 KD, L= —JHEEZFIILTAXY b a
Bh, ML B ARS FVOSET, hIh R 05
B ZSE I B TH 5, K213 ZF0HhIer %I
WHIRSI L O, BEANS MV ThD, Sflx, %
AN MVIZL—F—Z B, R T 5. [ o3 |
Z LTy 2 BORBIC & ) RHD SFFMIET o 2, |
AR IR B 0 C 24T - 7o LR O SR =
K23 Lo, L O¥EFERHIKL TV, 01 1
ZZHk © Y. Imai, T. Nishi, M. Nishizaki, S. Kawajiri, 0 . .
Y. Muroki, R. Ikuta, K. Matsumoto, M. Kitano, and K. -2 -1 0 1 2
Sugiyama, Radio Science, 51, pp.1385-1395 (2016). RERIED R 28 e

2 EMERERRSl. AT MILVIE 380 Hz,
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HEEX T 1« PHE E&RXAT 1 72F
http://vision.kuee.kyoto-u.ac.jp/
[{REEBOBITICL a7 VEBEROERKHTE ]

$ﬁ%§fﬂbﬁb\m¢3mﬁ%ﬁ@ﬁ-ﬁﬁtﬁﬁéF???EVayJt\A®LCé%ﬁﬁ
POLOIREAMEE LR OAER VDTS [RVFE—FNL - A ¥ F23av] OB, HBEIC
=R ) "C“'fnjl LT,

A= T+ X2V EOERmRKERCCT 7 ATE L2 Y7 7 IZBAEBEIE -
BHEALLTEBY., HOPML W E -5 Tw L EHIC ttb%<if Z DR ZHERTZENDHD F
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Ising Model without Random Number Generator,” IEICE Transactions on Information and Systems,
VolE101-D, No.2, Feb. 2018.
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[1] S. Okumura, A. Kita, H. Taki, Y. Nagatani, M. Matsukawa, and T. Sato, Application of spatial
domain interferometry with the Capon method to transcranial Doppler ultrasonography: a simulation
study, Advanced Biomed. Eng., Vol4, pp.73-79, 2015.

[2] H. Taki, K. Taki, M. Yamakawa, T. Shiina, M. Kudo, and T. Sato, High-range-resolution imaging
using frequency domain interferometry with stabilization techniques for real-time vascular
ultrasound, Jpn. J. Appl. Phys., Vol.54, No.O7HF05, pp.1-10, 2015.
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[Analysis and Control of Multiscale Dynamics in Regional Electricity and Heat
Supply Systems]
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[ Theoretical Study on Carrier Transport in Semiconductor Nanowires Based on
Atomistic Modeling]
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BEHEZHOZEDOHFLEHEINTVSE, UEOZ NS, SIOARL ST Ge H0HBMHE L &AL
BARANWIZBITSF 1) THEBHSOMEA, NW MOSFET O4tE2 Pl L, F72i%iHE 252 5%
TeDICHEEE L, LAL, NWIZBUT S F v ) 7k, 5512 Ge NW OIEfLESEFEICO VW Tk, &
THEMH CADNRIC L 2B TIREOEME S W 2 IS H0BM IR Tu v,

REL T, PEARF 2 T4 XIIBIT5F v ) THEEOHMR, B LORMERET A ZAOEREHRS O
ARIZIANT T IEFLISR S 2 BB LA OFLMRICHE L 22 B Tl FEIc k&, NWICBU %1 7
BEDEF IV EIR L, Ge NW BLUSI NW 25T 5 IEFLEEZ T U720 KT THE LN T2
REILDTFOEBY)TH S,

(1) Ge NWIZBIF2 7+ /2 VHIBRIESLBEIE 2 5 il 2 kB E 7 4+ / v E— FICEDOWTEHR
L. BWEBHEZRT NWIRREZR Lz BEIEORRIKGAED N Y FREE D SR 721
AHMEREIREEECILRTEL I LR LT

(2) BT BT REOMNGHE L 22ETT 7 2 A#GEL o ER b 217w, (1) EFEBEOFEICT 7 %
AHELORI R E MZ CTRBENEDR R 21T - 72 T UADREOREMEICHRL T, 7+ /7 Vil
BREEHENRHWIERIE T 7 2 AHELOREDL ZIFI wkwnw) T 2R L7,

(3) Fko#ElmfEs ZB L C. EHEARLY v v FRRAA ML 2 & T B4 R %D Ge
NW B LU SI NW BT 2 EER T TOIESLEREZ FNT L72. Ge NW IZB W TIIER O HE
WY 7 MEREEDSIRA T B A BB S LA SN (K 2), FoOfREE LT, KERE
BIEIL Ge DLDE VIO ST, BERTIZSIOLE Y 7 F#EERZRLD 52 &%
L7zo CORERITR LNy Mg & T AV F— MR ICHR T 2 0 B 0E N (K3) (23D
BN Z 5 2 72,

(4) P ANVKHREEORTREEZRLBTL2ETHIERT VY VOHRETFTVEREL, INEHV
T Ge NW p-MOSFET B X 0FSi NW p-MOSFET 12513 2# 30 257 1 v &7 IEFLlE R % 5
L. ZOMfE% PR L7ze NW MOSFET 2B A8 FHEE - 5 U 7HEL - BF v ¥ v VIR
HED L) ICERBERNZRETH0Z2WS2ICL, F XU 7HEWHOHR L ONWTTF NS
AEEHES 2R L7z,
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[Fundamental Study on Carrier Recombination Processes in AlGaN-related
Materials and their Structural Designs toward Highly Efficient Deep-UV Emitters]
(RENARAEBZTTFOEDIREICET (772 AlIGaN RFEEBADOFERBERE X+ ) 7HESE
FZICEET 2HIR)

T 29 3 A 23 HEE

Wk 200~300 nm DOFEFEIIE. FERERERLTN T 4 A7V A OSSO XER %2 & B4 %
SEHAOIGHPHEIN TS, & ICHE 260 nm AT DOFEESE X, DNA & OB EVEE
PHSNTHBY, B - BKHGEE LTHEHZEOTWS, BfE, BEGHEE LTS 7 (%
£ 2537 nm) R ArFZF ¥y~ —% (KE193mm) HE0HVOLNTWAED, T ADMME - BREEANOH
FIAREVER T ANFIFAOMEDKE - FTHGOES R ENRERBEE LY., BRIEEOR
- BR2BFTOLHIRICH S, ZNSITbLH 7R EEISEEEZ. AlGaN &Kz R L 72
FNA A EVERTLZET.REANOAMZIZ, 2 OoER - EZTHFGORNET L 2 5,
L2 L7255 AlGaN R8I0 FEE T IZPASE LOBERICH ). LED OFMEREFRIERIZ K72 10% 4
EELLT. E300 nm U TOLD dEBEN TV WEDOBIRICH 5, AWFZETlE. AlGaN RAF#EAkD
nmmﬁ%ﬁ &AM SN 7 & % il L CERIEREERAVOLRE T O EIBUT T 72 EEFZE 2 17 - 726

AWFFETIE, M ESEMORBELIC LD S P AlGaN/AIN & FH 23l L7z, ERL7Z
%%#ﬁw bﬁéW%%ﬁ@k%é%%ﬁ%b FEERGFEC G- 2 2 B OV i A 2 & T
PRV T O R B 2 IR L7z E 2, BFEEHER Y ) T AL F I 2 AT A
ETFNVOPEEEZE LT, AlGaN R PHEARICBT 5 LW 2 IEHEFHHE SR OORER, o2’ : v
) 725 2 BB OV TEE L, RS ST ORI -7 %#P%Lm MRS Z R L 72,
FELZANBEZDTIIRT,

1. A&EESMEEEZ VT, PPk AIN 204 I AlGaN/AIN fi&E DR 21T - 720 HER DI
PR FEAR b & FRED S TR R FICAREIE Y F 3 v VR 2T 72BI21E. F L Wi
DB B SN0 (K1 AR, FRNENZ EIFCREZIT) 2 TERINLIEmE Y M
IO EHERZREL, €y FPE2HEKRSE, BV CEHAERL (K14AK) 2EHTES
ZErRRB L7,

2. PARVEE AlGaN/AIN B35 T, GBI H 25 NERE R 25k =15 o 1/3 LT IR
S, RETERSAFEGEEMILT A2 LT R T REULOMBSEEEHTE L L EH LR
L7,

3. HV—FLVIFrtyAMEZMHET S E T, AlGaN SRR T 5 7 JE 5 P Gkt 4 s R B
ERLIZDDOTHALILZR LI BESMICE) Al ZZIL2 KT 52 & T, X542 5RLED
waetkE R L 72,

4. BFHFERBICI P IBFEAZEZRBR LT, SAHTMRHICHEREEE SV E2ILEL, B
FEVEBR 2 B B akETHRET 2R L 72

5. Pt AlGaN/AIN =15 O iR G % HlH$ 5 2 & T,
BEBHTE 2> & OFRVOIEEL Y L 2 W HEIC L, o TR AlGaN/
AIN BFHF»LOFER M2 FEI L (K 2),

PL intensity (arb. unit)

1 1 1 1 1
230 240 250 260 270 280
Wavelength (nm)

0

(nm) (nm) (nm) ‘ 22X MHE (rE) AlGaN/
1. ¥BHEE @) AINBEOXRET7 A0 —0ORREHEK AINEFHFLSOBERKE - 5
i BRHANY ML

31208 0 14.49 0
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[Growth of InGaN-Based Emitters on ScAIMgO4 Substrates for Full Visible Spectral

Range]
(AIRLE % hN—F BRAEFZTFHRED-HD ScAIMg0s EfR_ EAD InGaN RENLE
D RICEET 2%)

TR 293 A 23 BRE

LAY a4 Y7 A (InGaN) &, HFaRkRkaoR®E sy 4 +—F (LED) RL—%¥(+—FD
FEHEE LTHYONRTWA, 2, #Hf LED &80tk aMAf b7 At LED &, BRI 7 1
ATVL=ONy 754 FREBLELIGHENTWS, L L, FEHEKIZIE, InGaN B Z KT %
GaN OZEHF IR (34eV) 25 InN O F (064 eV) I[THY T 2 ¥ E (365 nm - 2 um) % #/¥—"T
EDLETTHHIEREZDE, MHORF Yy VO—E LR TE T RWIRIZH B E v o T
v, FRIC, fktad SR B O MR EREB OO EIE, FaFERO RS LG DT L,
T kAR %2 GO O R AE T InGaN & W72 @R 28T A ARFEHTENL, T4 AT L —
ISH EDA 2237 MIRE W, R Tld, THERRHEBOBEAFEL N L3520, BEOE
RIRT 4 v MEALOFEAZIHITE ZFEEBE L LT, (0001) 1T Inoi7GaossN & D& F-HE 73
WfFCTX % ScAIMgOs EWMZIRE L. S OEMEANOKE S EFM B X O F /34 AR DR %
1To70

B _REBREE LT, K LED IZHWw S5 TW 5 sapphire 254K £ LED & T, EHEOFH
1, LED % GaN/ScAIMgOs4 FEM FICEMET A2 IR L2 (K1) o 2 OfEHIE 56 L 725 SCaE (Appl.
Phys. Exp. 8, 062101) 123\ T Spotlight & 3CIZ#IEI, F 720 HYPLFA A TOLHEERITEHED 06%
W72 EHERICER SN, 5610 KBTS L7 InoirGaossN/ ScAIMgOy FIZHREIEET 2
In,Gar.N/ In,Ga,N Z EiEZ I (QW) HEEZ/ERL/2L 2 A, 6K sapphire 2:4K O 5E & HIK
LTEVWHNRREFRIREZREOZ Ebh o7z (M2), WHERRFHIICB T 2 S8R eE 1o
KRR & LT, ScAIMgOs 2SR WM EZ > TV b L 2R LR RETH S EEZ TV D,

- LED/ScAIMgO, .é"
————

= b4 In,Ga, ,N/in,Ga, N 6QW
c Q= on InGaN/ScAIMgO
] = ’
2= cc Qe
- -3 ~13.6%

c J 0 . 0
d =] o >

- -o ;
o , as
G LED/sapphire @ ' In,Ga, ,N/GaN 3QW
= av 1 on GaN/sapphire
g Pulsed condition Y ~0.35%
- 100 Hz (duty 2%) = -39%
[= P PR B PR £ . 1 x ! 2
0 50 100 150 0 100 200 300

Current (mA) Temperature (K)

1: GaN/ScAIMg043$ £ U GaN/sapphire 2: ScAIMgO4 Eiv b LU sapphire EiR EDFEREKL
Fo7L—MEDFELED M EL #XEE InGaN QW B EDAFRERE XD EEKEME., FEAR :
DFEABREEM (NIVXRENIZM), & ScAIMgOs EiR_LFFE InGaN QW D PL D#F.

A : GaN/ScAIMgOs £ &F & LED D

DC20 mA BEFD EL D#Fo
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[On Asteroid Deflection Techniques Exploiting Space Plasma Environment]
(FE7ZAVREZFAL ZIREORELEFAICET 5HR)

T 293 A 23 AKRE

N OMEREZ2E, FHEIFHKWL 0D, OELORETNERADAEFTICRELHEL L5 L
BERED—DOTH b, NFHOFHEETMIIHE T LWRELZZEITTWED, /INRE O Rk 22 M]3
WZRALS 2 7201213 R 72124 K OFEDTFE 5 o RWFZEIE, HIERICHZE T 28N D B 5 /NEREOPLELHE,
OWTITHIERE ZE A2 IS 5 720, T 7 7 A RBE LB FE L2280 R— N % B2 % - MErs
L5H5DThb,

T3, ML - PR B C/NERE TS X G A HE A E
T Td 5 Kinetic Impactor (KI) % &Hflid % 720 O % §2
Z L7 KIICHW 25 Hi B E X, 221X - TER SN L/
KB OWLEZE A M L Lol b E AR 2 LT
RKDONL, RUFETIE. FHREZOMNE L L0 FEM I T
o7, TR K o TS DN OPE T AL ¥ — 2
LD KM 2 FHBPE O PEE L EOFEoOBEE L LCgift
9 % Impact Geometry Map (IGM) Z#%LEL7 (M1), IGM
EHWLIET, BiFLAKII vy a v IZkoTHEONS/N 0406 08 1 12 14 16 18 2

0.2
0

-0.2
-0.4
-0.6

Eccentricity

-0.8
-1
-1.2

Non-dimensional impact geometry

-1.4

%‘?E@%iﬁl j‘ )% ;\_:‘_' @'E'{tﬁi\ }E?F.EE(J &i%/ﬁ\ k Hﬁﬁi L f (I:“O) Semi-major axis [AU]

REORRETH L%, HOLHEEY 2T 2 OFFIZKS 375 1 Impact Geometry Map.
lid2ZEDMEEE Do KIICDWTIE, WEEA IV EMITh

LAY AT A TFHE L MES 2 FEICOWTHRE L7z, B A Vi, "EMICHE L 728ENE
TH =2 FHEOAREKLLEF L. KGO EMTEEHRD T T AW TH 5 KGR FP O L T
SELZETHENZREZELBBL R - B AT LATHL, AWZETIE. ShEFTHLNIISH
TZhrolz, matA VOKREGEIIT 5L L B8ETHHENOMBEESIL L7 $720 KRB
AT AETHD I ENORBERHEMPRMELTH oA VE, THF—BUNOBANERETOAT
WERI S 5 F L2 RE L7z /INREANOMWZEHIE % fodifb U 728528, 1858 U 72 W& il 4 =35k Tl 220
EASEFIRETH ) . MEROBEIER R OHEAE S 27 2 2 FH L7286 & i LR & a2 Hh
DEBARETH DT &R LI

—OHOFHEE LTHEF Lz0id, AEEEFHEON T 2 AT E S E, ME oI 7 —
Oy HETAGNCE o TUNEEZFHE I LPELE S S, 27— ) - T 775 Thb, Thid, i
HHINDORT/NERZHGITLEI N T 7V 2RERIEZEDTH), He 2 FHEOEER, 7 —
Oy HOBAILDEINNOWERE S22 v b B3H B, AR TIZET, WELINRELEFHT
T A E OMENEHZ N5 2 BAERH R o — F2RZE L, A&E O N T %4 B O 5E M % MGEE L 72,
Aa— N, EBRONREBRERMLZZZRICA Yy Va7 =% 810, KHEHRT 2 85EEZOE
MNEEFHT 25D TH S, BiEe LT, FHTIATHOBT LHT. TLODOERIZE - TH
g5 ZREF B, KEEHEFHIC X > TAELZEFAZE SN, KMEEOIEMIZEIE LT
BENDKBROMDPEL 2 BMEFHE TS LT, KA

OWEKEL KD 2 (M2 WELEI-FIZLY, 73X~ S
Iy ENRBICHKEL, WENTEHHIT AL T, R IS TN
HOHH SN D CAUNEREZ ATIICHESEH 2 EATHET e
HHILER LI £ 7 =0y NEEE L2 FHEOES) W
TR OB EFIHHANCOWTHRE L, wWEFEHEoBERE 0
WZoWTER L L7z B2, 7—ua 2yl 7T bF 7 512K/
BREOWPELZLHMZFR L, KEE»OBEORO/N S 2iiE

$28.404

/= K28.387

[ 100

jw 2.837e+01
f5 2 s o

b B NEROBHET A RO THHZ EEWSAMIL 1 o e
7zo TOXI HNEEIE, BT 7 HIT X HLEZ T A W e
Thh, r—uar)j- 7 V775 OBEMEEZRL, X2 /JBREDHERSEHEITE.
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[Electromagnetic Properties of Checkerboard-like Metallic Structures at Terahertz
Frequencies

(Frxyvh—R—FREBBEDT IANILYHICE (T 2 TEHAME)

Fk 29 3 H 23 BRE

VAR, BEEE LV EVEHBETH#ET 2 TBRE LT, BRA YT TARX ¥ EE (TIRITHZ
AT T ) TN) EIFEND NTREBEARPRERIFERHEZED TV D, BEAIYIT ) TVEIXERT S
WRICHRTNSWENEEN S22 N TR [WE] THY., ToEZEY)ICRET 562 &L THE
OWEEZ T CTREBRNELBRICEZEBTLIIENTE L, 29 Vo 2HEEPEEICHE T2 HHER
R H L7200, FlitDOWEETED LX) ZEBINEVEIHT 200 % WD 572012, ZORFMEICH
HT2ZEDEETH D, Kaslld. HOHE LI 600tk E b oF = v 7 —F— FIREEHE
AR R R ERNIEEICOWT, T I ys e w) ke sl L, £8 - Ky I 21—
Yav HEOZOOTHEICINHLLDIDOTH S, R LOBEEITKELLTO 2 008N H 5%
Ins:

1. B AR R 3 2 B AR IS 2

AW R F = v h—K— PRGBS &R & IO AN Z BT A5 Tdh 5 B OHlixE
*AHLTBY, THUSER L ZREEEKRGERDEDPTFHEINS, KL TlE. HOHMEICLETD
5 EEZ BN TWFEBARTRELR HHEMOE S KPR CEIET 2 L Wy MBEORBICE D&, FERIC
AR L [ 1(a)]. 7 7NV TEOREZ L7z BERIICTFES N L5 0EPUEIC B W
THOMAEISRER T 2 BB E 2 BB s A A 2 28 L2 [K1b). $72. 29 LK
Pl & 2ef L 72 H M F = v 7 — KR — FREBEREEOW M A 5 R - FREO T 7~V Y % AGF
T2 L, HTEEELT T WSO AT AV F -2 T EEICED LEHE b o7zae— L
NEEWIAE LTIRAEY) 2L 2L NI L7,

2. R OFAMENARAST L2 R 2 BRACE OB A & LH~DIEGH

F v — K= FRGBEHEEIIEEROE SV EANICER L TVE, LT RWRILEsTZED
BN EDNRE LSBT 50 KL TIE, ZORRLMEEICER LT, WIUEZEMICAAL vF 2 7T
EDWE B B IRICECE L 72 AR A e A ¥ R - L7z RIS b F Vo a e F oy
1 —R— FIREEZ A GDE, TNV Y RIBEOFNY) ) B2 OFEBIEI R L7z, T2, Hifl
BF v —KR— FREZEOEREROW B2 ICMA T, Fx v —KR— FREEZIEEH A 5
T4 %D oG EEYICHDALZ LT, FHEXDOFEMAA ) T4 DU RZ PRI R LI L
% PRERNY - BUERIZR L7z,

diffraction
frequency

(@) O)

connected --------
disconnected -
resistive

0.1 0.2 0.4 0.6 0.8 1 11
Frequency / THz

1:(a) MFRLUZEREEBREF 1 v H—FK- FEBEBEEDAFEMFRER. b) ZOERZBHRBORE
EH-EBEBZNZENDANXY MV (FROFEHLR) . Y. Urade et al., Phys. Rev. Lett. 114, 237401 (2015) & V) 858,
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[(NUBDIWBBAUIAHEBICH T 21 F L BOEBVPRFRXICEZ
TR 293 A 23 BRE

FEICEYT MR

R Lid, AN A NVREETH LAY F b a v ] LKA HvEEE (LHD) I2BWTT 5 A<k
TFWEIR T HA 4 VHOENDG- 2 B (L F JHRE) ZEHMEiL, T30 ThHbD, T,
BTHE xS B 4 o YRR O W BRI (10 72 R EER T H 5135 0 Tk L koA A
NSRRI BWTLELR DTRA 75 X~ OB UADYEREOF IR FlcmT 72 EE 2 1T
H5bo

7T AR AW BT B0 E N ETHEE LT, BELSRHENH L, Tk, 77 A<
OR TR EANCZR 2 20, 77 A~ HBE 2 SO FAMEfE S 2 BEOLF 2§52 LI12X D,
75 X DRI O FEEE 2 57l $ 5 FETH B, S, AN+ bary TR T I A<l %l
L —HMO~ A 7 il THEI Loz, B O®EZFHNT 57012, @RI L —3
HRETHATOUT AL RPEDO<A 7y VT ERE 2 Fi7 ISR L7z, ATHRITCIE. L—FE—24
BT T AEEIZ L BTN ROKRE VFIEEZ #5720, JBITOEEO/NSWEHERO HCN L —
B (A =337 um) #HTWE, THIZLD, EBRIIZEXI0® m® LEORPFEBTFHEELFHOT T
A< DFHANZ I L 72,

ANYF b YJIZBWCTETYHA 70 b 3B NE (ECH) oD KOH 7 J X< I2x LT 50,
100, 125 Hz OZEME W CHBELRER 2175720 FrHCN L —F T L AT HEI 2 W CET
BEORFMFEREZ G L. BT IEHAREL (Dmoa) & XV (Vimed) ZaHliL7z& A, M1IZRT X
INZD TFARD Dinod LT T AP IAND Vinog 1FEICH 75 A< X D /NS L, A F UHR)
B OKERMARIE) b LR ENTz,

LHDIZBWTIZ, ECHOH KUY w4 (He) 75 A<IZx L CRELREE %17V, Do &
Vinod % 8l U720 BT LEREREATE R S LT 722 WEE L-mode I B VT, HM2IRT LI
Dmod (283 % H-He A 4 > Flizh 412 WA 72 122
JE W BARGE DS S N Bl 22 fE IR B I T

. He 79 A D Dmoa PH 7T A< LD 3DMﬁﬁﬁ%¥u_ o”ﬁﬁﬁﬁn.
KEL BN ENTZe —FHy Vimnoa 1213 3 E B i Deuterium 7
WIRE 72 A o > FRRD R AL o 720 2 50F I 732 sof 1 Hydrogen
Dinod 2O Vimod \23 2 4 A v HERIEOM%e  E  F Hydrogen 15% : ]
B i B 7010, RBFRTIHE 2 0b 1 32 0F T E
P L7z~ A ba Y], LHD ® Dyoa J2 OF = 1 3 : ]
Vimod (AN A JeATHEZE THFAl S N7z~ 1) 00 ERSUEIM 13 jspbiutiiild,
0 50 100 150 0 50 100 150

Vi ﬂ’ﬂ%lﬁ CHS @ Dmod &Uf Vmod %ﬂ:$§é Lf:o
LHD KO CHS I2B1F % Dmoa (31 225 9k £ D
WA NEER T 2 —3 L 72 LHD T,

Freauencv (Hz) Freauencv (H7)

1. AUF A JICHT DR FIRERE & XRE

Dimoa {2513 % H-He A & ¥ FER)RAC & 575713,

E (#EHm%zIE)

HERBEROBAIZE YL 5L BB —

CHS Tl. Dumoa IR 2 K FALAKZD R & HFIRER A
BAERE, WREBEROMSIIECRAL, ~ L0 bty | e
UoF b0y TS B 2 O R Tk oskE : E i e
AR RABN DI E —HLCvd. T4 2 H. | 1 2 °Fa Q%fm;
bH, LHD TO/MF L, CHS % 5 A F %'zﬂgni ; éJ%E@# =
bE Y] TOMBE. HOBEI DL, —J, £ T ERE E
Vinod 128 L CId LHD T3 H-He 4 + > s E, 02 M Tmg 7 2 ! E
CHS TIdAF R RAIL & N 0o 7255, ootmuul siond B ual o
AV ROy ] TR DT IR RS o e

h h

REN72e TNHEDOZ LMD, FEiE O BRI
RWHBALZ LD o KRB E AR #2512
G2 BBz RLDZ EER LT

X 2. LHD @ L-mode S35+ ¥ FIRERE &
NRRE (BAMEIE) OFERERBE&KEME
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[Advanced Beam Forming by Synthesizing Spherical Waves for Progressive
Microwave Power Transmission]

(BER~ 1 7 ORENEXRICET ZHEEERICE 25 EE — LK)

Fk 29 3 H 23 BRE

KR ix. MEANOEBERLMOBERR Y 2T 2 DT HE2EB LILEN~ L 7 0B EE Y AT A
OFEHREHWE LT, B2 REOREEEZBEREDOELZLICLVTEOY -2 25K T 5 THEICH
FTHMEERICONWTE LD DTHL, FHAGREI AT LD L) LKL~ A 7 adBIA
HEOEINZE, W EICBT A4 7 0EEIMEEO R RFEENELETH 555, H EIZBWTIZAE
NOHBERLMOEER Y AT AANOTHIFFCHEE 2 b Z T TRIFETIE. TO L) ZBEICH L~
7 A 2 VERRORERHTH L2RMmMEOHEGIC L - TEREFS N BB ZERAE VT, 1)
Ex ¥ 28~ A 7 B IMERICBI 2287 v 7 Fo/nLE (2) €—2a8~ A 7 aiBInk

Bl 54V F—KIFHALIZ OV THRE L 72,

FIOW 7 ¥ 7 F oG LWL, —EDBENEEICBTAZEEBNIT ¥ 7 FOROERICIET 5,
CHUTHF L CARIIZE Tl B DL M S B3 2 50 O 7 VG 2 BUICERTA5 2 212X D&
WIRIMEDS R oM D 2 L 2R Lze C O IRIWE A RO IR MM % M S Eh & & M B O A E R &
B2 e B, BEAUEEBEICHEET 2 RIS U2k & X OERIEBASAZ IR & 7 0 A %0 Ba L
AR TSI 2R LI, $720 HAROKE S ZHO R FHBARILIREE AN IEME 20 7K€ — IR O
Wi e LCTEMET 22 L2 HNIC L. LS L2 RO BRIEHEARILIRIIC L ) RO R % 2 3kRE—
FAHGBRWRECTH D 2R LTz TNHDOREEDL S, IRKOERMEPEAFF OB IR L ) /NS HRFE
IR Z VA Z EI2E D, WRETER & D K& 2GR IHEZ RO RS REBTETH S Z
EDIRENTz. LRI FHEEMRILIREED, NMEORELZE L /-2y 2RI~ 4 7 uEBE IR ICs
FHNRZET VT OMRERNEEE G 2B L Rk,

HRDOE— 2RI~ 4 7 aPEBEIEREICBCTIE, TV—=T YT FDOANGAERE-ICREIND, 2
IS L TARBIZETIE. TV —7 ¥ 7 F ORI » TEHZEH #{EikT 5 ¥ — A%&%%ﬁmﬁéﬁ
ik b olzo [ UK KEZ FEohh i & AR & NI & S RERT I 2 FHRIECAK T A2 &12& D
HRE A2 VWE — ABBAZ S, ZOY — A BRAOWTAZ B L 22 IRIE5 46 B X 0K A
HEkBET7 v 7 FETICAT (@BE) §5Z LI VKRR -2 2K L7z, S HICARIZETIE, &
DEIHETL R E — 2 %
NAay MEBIZHEM L 728 —JF
BRLIYaFAL2F4 TV AT
LEREL 2o THITERO IR EUK
WO EZRT L7204 10y
Mg &~ 7 aEEl OIS
A — B THERT 5 Wik % 8
}—ﬁ L to lﬁ/ij— 5272 0)15 (&, 723’& ’ e Transrr?iggi(())n distarfc(:): OLt [m] e o [dB)
VAW T 272007 L —7T
VI FETLLCHL2EE—F (b) Microwave power (dN/dh = 0.3 m™!)

HERMIIRSR T T F 2 W2
XL, RIFAR74 Vb= a U4

(a) Beam pilot signal (dN/dh = 0.3 m™!)

Aperture -15
size of -20
antennas 25

Altitude / [m]

£
. ., = Aperture -15
‘lﬁf)‘?@%ﬁal B 'f“%‘ bhlze ThH ] size of -20
e > 1a S > £ antennas -25
DR B, B 2 AKFE — £ 2
2= A 7 O EIMEEY AT A n=97.01% 3
BT EEMER Lo R L2 0 2000 4000 6000 8000 10000 48]
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[Advanced Modeling Techniques for High Performance and Human Centered LED
ighting System]

(BxFETAICEBLUVLED BEAY X7 LD -HDEERNET Y > THIMTOREF)

T 293 A 23 AEES

WAE, B A+ —F (LED) W7z BT 14 A 7L A DR 2 —F—JRIMOBIHY I 2 L —
Yavid, ar¥a—FIEEETE LTE OSBRI TS, LED X, BERKR K
HEF 4 ZA T VLA 23 TS HTHbhTwb, ZOHTHREILOEVLED DY I 2L —
Yavid, BV ATFAICBITANRGA—YERICE HHEBLHRT H 720 CEE%E 2 R4, it
KONFEOET) 7y Iab—va YEMZ HAREOV T T TIKELTEBY, Thoo
VI 2TIE B0 BICX B HHAERRE LTWE, 20720, BRI D 2B 205 % 17
)% DRED, MOPBOEF) v 7Ry Ial—Yarzir) 0Lz,

KEFRIZ, 58854+ —F (LED) Z MWzl 27 235N B 2 ME 2 T 572008 L
BT VT PRBEICETAMEORBEZNY T DD TH) HONLELRBRIKRDOEBY TH 5,

1. ml - BEHOBETIE, LED ERZEZBIZTAIENRET LnE SNTW225 LED #EMHIZ
REWHTH L7720, BEICIELBICTLIENTELR o2 ZOEZHIT 572912, LED
MR E DT, BErS R THFTO LED K205 0% %2R~ T 5 L)1 Lz RIREF
BOHMEZMGEET 57012 6% Y I 2 b—Y a YHiuli2FH L. LED o BEIZIS Lz
DIEELENTWAS Z & ZBMERL 72,

2. LEDFRVYATAIZBWT, AMOIRICEZEY RIZTTIV—F4 M &2KKT 25 &, atkiEdrs
AL BENCH Do ZOMBEEBIT L7012, A LED OF MW T RV F—% 50% Hil i L.
V7Y LED ZBIMNTAFRRIYATARRE L KRETFHEOAEHAMZRGET 5720105
Salb—Ya vEmEAHL, BELLZVATFAB TNV —54 b OBBEOE & ki oz
FFFICERT LI E 2R LT,

3. ThFET, R LED N E— A Y AT AT, REORKICED ST, FEOREEIC X Y]
ZIToTHBY, TALVF R EFENH L LM EN TV, COBRELFIT 572012,
NAEC=LF VTS Y — b2 iRE T 5 7 A V2 R_E L7z, ARETHEOAH A% BGE
FTRDINFEYIaL—a yE (K1) 2R L. FRERICECEREZ v, &
REEFFIENEREAZ T2 22128, ZAVF—EIUFET L L 2R L,
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AL (DUV) 388, ER, BIRMEILZ: k4 20 BFICAH SN TWD, e LTkl >~
THRIELS AL TV 25, KEMHEHOWHIEFEDOBIE AN SIS A 4+ — F (LED) FORMALIHILATE
FNTWE, 2L EHREMOKRT 7L Btk LED Tt A E X BA ML VWHED D 5,
Wig?ﬁ@wfu\mﬁwﬁﬁwﬁﬁu%ﬁ&m%mﬁﬁﬁmuﬁ%f\%&E@%ﬂ%%%%@%
Hr¥insg,

WHDEHEBOZ )R LED & LT, FEAERY A7 MEZ - ESMICE % GaN R =%kt (3D)
a5 LED 2SHE SN Tw b, —HEWEHBICB VT, ZoOFEL AIN ZEAMEHZEH LT UV %
WEIEZERT L L1 ALEHOBEWISHO - OREETH - 720 ATt EENLZEETR
HFETFOFEJIZINT T, AlGaN f 3D MO EF k& EFHI DO W THE 217> 720 AWIE TR LN
ERBRE D TIORT,

L. AIN [1120] IO A b T4 Tl BB L7z AIN/ %7 74 THERT > TV —F EAOFERIZLD,
FEET A7 2L &L, {1101} & (0001) MHiCHRERK SI7z AIN R 3D EEHRSH 2 LI
WL720 BESMIIT 2 ROFHEMEIL GaN ICHRTELS, TR AlOUSEDE SICHEL
TeRE~A 7L = a P EOBEEIPERNTH S L Mmoo,

2. AIN % 3D fi3% 112 AlGaN B 7Pt 2 R L7z, AV —FLItvytry 2 (CL) MIEICL )2
WS EI T o728 2 A, M TORER L ZOMOFIED) O OME R LOELEDE
LD ZWERISEERTZ EDDbh o7 EWmERIZIE, EEDOET AT v 724 F 57210 nm &%
DEEDEE ONVF VATV T) BEEEINTEY, FIICAILDLT/ 7L —Ya v EORW
GaMELMICI Y AT NEZEICED, RIFNGEET Y vy VOIKT & Z22HE) B0 EikEAL
MWBZAZEEHLNI Lz TN F ATy I TIE, BHEOT I A E ORI I L
THEREMEILDIRE L, BRI L O LAVRE SN,

3. K1®DX9 7% 3D LED OEBEHli 2 17\, RENZWEFHILLED 253 L7 (K2), AIN % 3D
Wik IS SN/ F P AT v 795, AlGaN OJEE - V/IIT SO B ELMFICE D ilk+d 52
LWL

4. AIN <1100> O%AfiZ 2 PN X W F Nz, WAL F 223 MBL O %2 2 RITIRICEE L7287 %
3D M IRE - MER Lz AHETIR, BEIROBBNYF ATy TOMRLZEHD L Z & T,
A & e L C CL BRI ERED I 25 & e o 720 T2 o 2R Tl YA o
WK SN F NAT Yy I bD200REREY -7 L. ZOMBEE» S OMERY -7 55
%B%WERCLARY PO A M TIA TREE LKL TE O 225 HRILEEI L (M3),
INYF DAT v T TOERBYE — 7 5301%, Mg ETPOERHEESMICL 2. A7 v 7HToO Al
AR & 2 TWwhb,

VI LEofEE 25, AlGaN 3D fiEIC X 2 RENS W EFTOEHE T OMERF L X OREHE 2 R L7z,
Bonmidix, AlGaN BNETICBIT AL WEEIOA TR, MMlAEIC X 28 0ERF R L
PERFENFE T ORI~ D BRSPS LS,

L) Appl. Phys. Exp. 10, 031001 (2017), Appl. Phys. Exp. 10, 121001 (2017).
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Bi RE BB CEAERF Y a7V  EAICET2ESRBEEERTOESRNEF
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¥R 29%F 7 A24 BBS

SR E R AR IR RIS Y a7 Y VIR ENEB L TBYVEAEY a7 Y VEA LR
Nb, BAEY a7V Y ESIHBELYE—DOBEAY a7y VEGZIY BT I EPNEETH Y, Bz
EE O HARE D T HE TR SN A 0BT AEAY a7 Y VEAMTHEHREL . 207
DEBBIERE VY a2 7Y VEETREEERT 2 LES R HEAEHZ B8RS 52 L 55 A
Vat 7V rEAEOBET TN AOVEEIZIZLEAT R TH S,

AWFZECTId 3 M O Bi BB mEAk (Bi2201, Bi2212, Bi2223) #HWCHEHAY a7V YA
OMEAER DS E TFHGITE 2 538 OV TRz, RUFETIIFRICESRNET I Y A VRIRIER LT
EBrxAT o720 Va7V VAT FEBIEREL SO AREERBICEET 2 L &, MEKRCIXERNE
T FANVHRETFEINSETIEDS ZICL > TEBDBIERI SN, BITIREIES XX > TERBR
FlERZIENL, BEHNET N Y AVAIRICL 2 BBERLEBIEDS I X 2 BBESENSE L 2 HIRE
#7OAF = N—E LI, EZE,ISROOLNE 7 0 A F — N—lE) 3O Bi R E B mE Ak
BTED LI IZTBALT B &7z,

AWFFETIIERCLUL T OFHEL R L7

(1) 3D Bi A8k Z VT, BERNET b A VIROMWEEZIT- 720 H—AA vF &
MAENE AL v FCIIITRTORTTERWET b Y AVRIESBIl SNz, EZAAL v F LIRS
A A v F Tl Bi2201,Bi2212 TIiZ 7 0 A4+ — N—iREIH KT L 2 L 2B L7, —7F T Bi2223 Tk~
OAF—N—EIIE AL v FLE AL v FTIRIFHLL o 72 (K1) Bi2223 DAERITE— A4 »
FEEAAL v FHRERENMTIISE D T o TWAHI EZRLTWS, Bi2223 & Bi2212 O3B {5E
JEEZDATH L7280, BIZEREIIBNT S &, HAEHOREIH 25 2R,

(2) Bi2212 IZBWCH USSR AOER L 2Z T2 HOWTE RS v FO 7 0 At — =i & HAE
MEEOBRIZOVTHR ., ZOMEHABRBEESHMT 2L, 70 A+ —N—REMETT 5L
W) BRSO Nz BRERFEI T ) 7TIREICL > TREL LS, T THREIHM
T5EMHEMEHDL 25 L ERR LT,

INLOEBHKENSETFIHE B CEELMEER IR EHEOMEEHTH L Z L 2R
L. BWKA LTINS 2 IRET IS RS LN EBRERZHHTE 52 &2k,
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Johan Fredrik Raak (5|ER&+#13%)

[ Data-driven analysis of wind power and power system dynamics via Koopman
mode decomposition]

(V=TI F—FPEICEDRANESVICBEARKESE AT 37 2ADT — 2 BB EIET)
FERR 299 H 25 HRE

This dissertation focuses on data-driven analysis of power systems and wind power systems by
utilizing a recently developed mathematical framework called Koopman Mode Analysis (KMA). KMA
is based on spectral analysis of the so-called Koopman operator which governs the evolution of
observables of nonlinear dynamical systems. KMA is related to the so-called Dynamic Mode
Decomposition (DMD)—a promising technique for the analysis of complex multivariate data which
was proposed a few years ago to analyze complex fluid flows. Since then, a great deal of interest has
been directed towards this technique, and many new extensions and variants of DMD have been
proposed. The purpose of these techniques is essentially to extract dynamic characteristics such as
oscillatory structures or modes from complex, nonlinear systems, by utilizing only measurements,
without a-priori knowledge of the system. This can be viewed as a model-reduction technique, which
aims at capturing the essential dynamic characteristics of a possibly unknown system, which enables
analysis, prediction and control of the target system. Connections between DMD and the Koopman
operator have been highlighted, and thus DMD has been called Koopman Mode Decomposition
(KMD).

This dissertation demonstrates and proposes several new applications of KMD related to the analysis
of wind power and power systems. A thorough review of the Koopman operator and KMD is
provided, including descriptions of the most common numerical techniques, and theorems connecting
different algorithms. Three KMD algorithms are evaluated with several data sets and under the
influence of various levels of noise. These results clarify the applicability and suitability of the
algorithms to different types of data.

The bulk of this dissertation then discusses wind power fluctuations in Japan. Wind power
fluctuations are analyzed on spatial scales ranging from hundreds of kilometers to hundreds of
meters, and on timescales ranging from seconds to weeks. First, a statistical evaluation of short-term
wind power fluctuations is conducted which shows that significant power output fluctuations from
wind turbines are to a large extent not suppressed in the wind farm output, giving rise to large
output fluctuations. The results imply that care should be taken about short-term correlations in
wind farms. Following that, large-scale smoothing effects of wind power are investigated by
incorporating data from weather simulations. The smoothing effects are determined by the
correlation between wind farm outputs at various timescales. A better understanding of the
smoothing characteristics, e.g. understanding the size of the wind farm distribution area required to
achieve a certain degree of smoothing in the aggregated wind power, would contribute to smarter
planning and better utilization of equipment and natural energy resources, and greater reliability. To
quantify the smoothing effects of wind power in Japan, a new index via KMD is proposed. The
results from applying the proposed index highlight the importance of deliberately selecting sites for
large-scale wind power production to more effectively smooth the aggregated power. Finally,
prediction of short-term wind speed fluctuations is investigated by utilizing KMD.

Lastly, applications of KMD related to power system analysis and security are demonstrated. In
particular, by applying KMD to power system dynamics, connections between so-called Koopman
modes and spectral graph theory are discovered. This indicates that graph properties can be inferred
from dynamics on networks via the spectrum of the Koopman operator. Also, a practical data-driven
method utilizing KMD is outlined to partition a power system into disjoint parts, which is a vital
component of a controlled islanding strategy aimed to save power systems from large-scale
blackouts. This investigation indicates that data-driven methods such as KMD can be regarded as
promising tools for effective monitoring and control of future, more variable, and power systems.
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[Modeling and Estimation of Selection Interests through Gaze Behavior]
GERRITENE AUV EBIRERD T T IVERUHTE)

TR 29F 9 A 25 ARE

KA FHENICEBBEHOFR 2O L %2 —DFIRT 5 &0 ) BIUTAZIT-o T b, 72E 213 5
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[Performance Enhancement of MIMO Transmission Techniques with Limited
Number of Receive Antennas]

(RET > 7 FHHFIT TD MIMO XM D4F14H=E)

FEk 299 H 25 HRE

In recent years, multiple-input multiple-output (MIMO) transmission has been considered as one of
the key solutions in fulfilling the drastic data rates increase in wireless communications. Using
MIMO, the capacity of radio link can be significantly increased by exploiting multipath propagation
using multiple transmit and receive antennas. The benefits of MIMO transmission, however, might
be restricted due to the physical constraint which limits the number of antennas that can be
embedded on a user terminal. Considering this limitation, three approaches can be taken, and are
investigated throughout this thesis.

First, the user can be forced to handle multiple transmit antennas transmission although the number
of receive antennas is smaller than that of transmit antennas. In this scenario, however, the
performance of the detection and decoding processes degrade significantly. To tackle this issue, a
novel decoding technique is proposed in Chapter 2 of this thesis. In the proposed technique, rather
than conducted separately, the decoding process is conducted jointly between streams. Using the
proposed technique, the bit error rate (BER)

performance and the throughput of the system can be
significantly increased.

Second, multi-user (MU) MIMO with collaborative
interference cancellation (CIC) can be used. In this
approach, neighboring user terminals share their
received signals to improve their detection capabilities.
The signal exchanges between users, however, are
resource consuming. Therefore, a user selection
technique is considered in this thesis to reduce the
number of signal exchanges. Specifically, a user
selection technique suitable for the QR decomposition-
based maximum-likelihood detection with M-algorithm
(QRM-MLD) is proposed. In addition, field experiments
are also conducted to verify the effectiveness of
MU-MIMO with CIC. Both of the user selection
techniques for QRM-MLD and the field experiment
results of the MU-MIMO with CIC are discussed in
Chapter 3.

Third, a scenario when the MU-MIMO employs
precoding for interference cancellation is considered. In
this scenario, the inaccuracy of channel state
information (CSI) caused by the channel aging, causes
the signal to be phase-shifted and interuser interference
occurs. To tackle this issue, a novel power allocation
technique which could minimize the total interference
of all users is proposed in Chapter 4. Specifically, the
larger power will be allocated to the users experiencing
larger Doppler spread, while the smaller power will be
allocated to the users experiencing smaller Doppler
spread. Using the proposed technique, the BER
performance of users experiencing large Doppler
spread can be improved while maintaining the BER
performance of user experiencing small Doppler spread.
In summary, each approach which is taken to tackle the
issue of limited number of receive antennas in MIMO
systems has its own challenge. However, as presented
in this thesis, those challenges can be overcome, e.g. by
using the proposed techniques. MIMO transmission,
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Fig. 1. Three approaches of MIMO
techniques under limited number of
receive antennas.

therefore, still become one of the most prominent
techniques for the future wireless communication
systems.
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R L Tld, HAAY— b A—%—0 Wi-SUN (Wireless Smart Utility Networks) {biZ & % Ak
Fea HI9E Ly 10 £ DL R EBREN A BE 2 BB NMEL 7 Ry 72 W TE 2 <V F & v TR
Ay b= 70 b alzEERT 572012, IEEES02.154e THE#AL % 17> T & 72 RIT (Receiver
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728 LW MAC 7a b avTH b F-RIT (Feathery- Receiver Initiated Transmission) 7@ b 2 )L % $%
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1. IEEE 802.15.4e TiZ Coordinated Sampled Listening (CSL) 72 b2V B X 'RIT a2 b2 Lvd 2
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[Advanced Signal Processing for Fiber-Optic Communication Systems Scaling
Capacity Beyond 100 Tb/s|

(K7 74IVBIEY AT LD 100Tb/s BERFDEARNE (T /=15 5 L EEF: 1)

FEk 299 H 25 HRE
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