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Development of 3-Dimensional Polymer Optical Waveguide Circuits and Their Applications
to Channel-Shuffling Devices

Polymer optical waveguides are needed to meet the increasing bandwidth demands in modern
data communication technologies because they are one of the potential solutions to improve the
wiring density and to reduce energy consumption. The polymer waveguides have already drawn
much attention for realizing optical circuits on printed circuit boards. In this thesis, 3-dimensional
(3D) polymer optical waveguide circuits are developed by applying the Mosquito method, and their
applications to channel-shuffling devices are proposed, which are highly anticipated components
for full-mesh node networks in high-performance computing systems.

Chapter 1 introduces the background of optical interconnects and motivation of the research.

Chapter 2 discusses the fundamentals of polymer waveguides and the fabrication
methodology. The details of the Mosquito method are discussed in this chapter. This chapter also
introduces the basic analysis of the active comments, coupling techniques and the optical loss.

Chapter 3 summarizes the fundamentals of the shuffling structures for PCBs. The shuffling
structures are needed for interconnecting different central processing units (CPUs) with full-mesh
networking topology for a large capacity system. Furthermore, the backplane is designed by
deploying the network topologies depending on the interconnecting networks applying the
channel-shuffling circuits. This chapter also includes the applications of the shuffling structures.

Chapter 4 describes the 3D S-shaped graded-index (GI) core multimode polymer optical
waveguides. As an application of 3D waveguide, a 3D channel-shuffling multimode waveguide is
introduced, providing the optimum height gap at the intersection with the optimum crossing angle
and bending radius. Several experiments are carried out, and the requirements for the optimum
channel-shuffling structures are obtained. The structural design of the waveguides, fabrication
conditions, and the experimental procedure are also explained in this chapter.

Chapter 5 introduces the 3D single-mode circular core polymer waveguides. The single-mode
conditions are also investigated using a FIMMWAVE solver. In this chapter, 3D channel-shuffling
single-mode polymer optical waveguides are also introduced, providing a suitable height gap at the
intersection with an optimal bending radius and crossing angle. The height gap, bending radius, and
crossing angles are also determined by investigating several experiments.

Chapter 6 concludes the prospects of the proposal in this research and also discusses the
future plans for successors. Through this research, the author proposed the 3D polymer waveguides
and their 3D shuffling structures to improve the wiring density and interconnecting networking

circuits by applying channel-shuffling waveguides for on-board and backplanes of the PCBs.
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PR L BG4, PSR IR ORISR, ERTH LD 21113V 1L 5 # 0 THY, ZD
FEE AR IR AT IR S D, 72, 6 = 025 (HITIZIWNT Ms /NS Ferri. DSR2 ERGERH
THDHN, TOFI 13 fEREV Ms Z7~d Ferri. 2NELZERMEARE UTIFEL, TN DOWNERT T
JLF—7E (AE) 13 0.05meV (fu) ! &M THTV Y. Z OFERIT, 21113V ORZEIREEFK D 6=0.25 £+
VTN C Ms DRSETIERPIAE L5 2 & EFE L7201 5=0,0.25,0.50 | Z351) % Fe OREMFIOBRRE
I stripe BRUSCHRIBEMAR (s-AF) T 5. 2 LT, 6 = 025 [ THELZERIMAFR EARE LT=85E 0D PM 73 s-
AF IZH L TR 1 meV (fu) ! EVAE THAET 5. ZOFRERIE, 21113V D Fe OREERREFENIZ T o
=025 X PM & AF ORISR HITICAHET D 2 & EFE L7V 0 =025, 0.50 TOHZEERMART
D Ms, Mre OFERAELY, SEERE & EMHEANTIIPIE LRV SR D5l 27~ 3. L LR D, flidh
RDRTV, Fe ORGMAB OB ISR & 7 J& L7222 £ 025, DFT I X 5 V, Fe OIrAEER
M7ZRBEMFE D T RN FTRE T 5. LLEDOFIRIE, BET =4 VMt AW R8N D85
SEFHOFEEANHIFRE ORI & BYREAM OERIC I W TETH 5.
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EEDHEE

WEE s 555224 & K 4 I BIRER
WOUERMME . BE BERBARUEET 1 (T R B
Rl BEERROR T it (T%) M T

BEMEFS BN A UE B it () U SUNNNEEPS

BEMEFS BN A UEB SR it () MHE A

(), BRI BRETRE OFALGEE R L, a7 201 NEEEE T =4 8
WAL A WEBAREAR SroVFeAsOs sl Z 31T 2 T BEXCIRREAR X 0O SE3IE & Ju IR 7o e A O B R L
FHIRGE] L, eEMLHR I TV,

BB ER DR & BB OMBEOMY, 72 b b EFMAURBAHK OERIL, 1969
4F1Z Goodenough (Z &V #axHEFE(T)-E FAHEH(b) 2 /X T A —X & Uiz T-b KN RE SN D d
B REEVOMFERBORESL N RT LB Y | BEHOMBE L TR R ERIZ LY d EFREED
O TS ATREME 2 T 5 E CEETH S,

K lF a7 2 A NEEBEYE & 5T EE T =4 U EIRIEA Y StVFeAsOs_s (21113V)D
P 38 AR B (ST 2 MBI (To) & e R M OB Z B 62T D, 3 b 7oE UK
HEFAXIZ, H S/ER L 7-30EHT e % X BREIFF(XRD), A0t X SBRXRE)IZ & 25050, #hikiHs
HIE, EIBERTE— A2 MIE, Fe Mossbauer 736, K& OV L BASAEEGR(DFT)IC X 5 8 AR
RERHAEZ W CEmMINIT 21T o TR CTh 5, OO, 21113V EEEORs M ZE =T
RINEEMOWETIEE 525D TH D,

B EIIFmCHY , BEEBROR AL, BEERMISHOE 5, X7 204 Mgk
W) - SR b S B AR - R ISR O RS P HIMEE o FER . KON 21113V IC B3 5 BEH
WZxF U AR O M & RFE S 2 U TV b,

B2 RIIFHTH O, AL REBRERICET 23, Gk s U THWEMERS, bRk
ST XRF O34 E L JIEE, BRBHUROMEE, BALREIC K 2 B8BTS E O E
&1k, 'Fe Mossbauer 73 DB, HeEVAE FW T AHERRE O FEAMIE, K OV DFT (& V2 Jay i B S fEL
DOEFmAFER I TV D,

B3EIIHFIETHY . SREmM RO M, fEHEE Z & o XRD i, (bEaoirickir s

BROERYE, BALEICBT 5 7 = U MRS & FREER Sy O E & 715, Y'Fe Mossbauer 43t
DWFFR, FEFEIC L 2 HEEE, B FHRREFEOME, K OE2 =y M s i
W72k 3R K EBNLE OF B2 X D NERT RV ¥ —2210 K DL ERIETR KIBNOLE DR EEZ R~ T
W5,

FARIERTH Y, K XRD ¥ — 2T D EMEDGHT - BRI, BT ERORE LSO
E. XRF SAFIZ X B8O RHED X OFREE. °"Fe Mossbauer 23612 X 0 B & 7> & 72 o 7= NG 12 22
MR o340 D & DREVEFRIC R T D RERE— A > MEBEOER EEH, T YT AV A Ak
2 SRR O E B, SOBIMNIEED VICE D7 = UMM OB, KELRBEZVH SN E e
21113V 8= 0.5 IZBI\T 5 R EMIEE, L OZFOMKE XRD IC L5 FEFE, 260 RDE Lo L
L THA LT 21113V OBRER & o FRIBIR Z2BEMEA 278 U2 E FRECIRBRX 2 @53 5,

FSEIIBETHY, HONIEFBEIKEMHKIZS U 2858 & Fe I3 X OV OfEMHEMHOE
REdEimT 5. Vb5 d B ROBILER L [FERIC 21113V O Fe OB & BSEMIT AT L
Ve LNLARS VORI = UL, 878 0.124 2>5 0.145 DT Fe OFBREM & HFET 5,

FoEL, MAFTHRTHY ., BHoOoNTEFHAREMX EO2 2O T, K& DFT I X 2WE
FREMZ FDND & LT, 21113V OFLELE Y THIRF S DM BHERTES 2 1R 52T 5,

ALt BET =4V BIRMEAEH ORI &V D BLE DA 70 53, IERBRITIE Lk~ 72 R %
WAL 2 FIH LM BB OEZR 2RI~ T b0 ThY, T E TEEFFTLH L
HWNLIRL I, Ko T, KmLoFEEIT, ME(THR) DR EZ T HERNHDH LD LERD D,
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Electron and nuclear spin sensing using nitrogen-vacancy centers in diamond
(A YT RHROEHR-ZELTLEHNWICEF AL A Y O/fH)

A A YT R DREHZE-2ZHLINV) T OITRIRIC CTEEE R R AN 2 Al RE & 4 5 KR 7
AN R TS, F 2 TEAYEY FEETEIC NV LA BE A BTk
v —L LTERBEL, Z0OE F (XA ¥Ey FEH) ICEIMNT-E S TORT L1
BigR A A — 7 (MRD % B THFED M E » 7. 155 O L& I 50 O O
[FE, MECEEIS 7 R NV U —2 R e L-HES SR L T A
EUDAEE R LV DM ESREETIRETE D Z s Tnsd. Lo, Z
IETIE 3 DOALENT A—2DOND 2 S(HEBE r i OZRkD 5 I IEIIER SN
D, FHALf @ HRET D THEIIFE LR N> T2,

T ZTCARMETIE, A4 YTy RHEOE— NV EBLIONV ESEKD UL 2SR
HIB(ODMR)Z AlHE L T2 EBRZMEL, HIOORIXGE LT, BAVLOVES
REFAE 2T 2. LT, Tab—L A5 E Vo7 NV B ILE L 2 RS
DTRIZED NV EAEORLLER L2/ T, RRIEOEL A OTEERIICKD)
L7z, WICH—NVAEZE Y —L L THWD OO THEREZ ER, thFseskBEic Ly
RKFR SN EFOZRBEB AT EDBRIZKII L9 2T, B— NV v+ —%FH
ELTEBAC O HNA oz IET M TFEEZERL, TOERICKII L. wEES
RS ERIL, oY —0& 1o — L2 RAE A5 B I MRS D R AT RE C
HoHZ L EnRRE L TELRL.

AGmICIE 5 B S D, 1 FEITASES =T, NV L oK A AIZRE T
DHATHIFE B L, AR ONESIT N REINS. 5§ 2 FETiE, NV Loyt s 5
BRAEERAHGASND. £, DR NViHliZBAE LTSNk~ A 7 1
W7 o T FOFRFLREND. B I3IFETIE, NV FLEASKRDOEZEEL S0/ L A
BAEICE S MGREE R L, T abe— L A0 E AW EENRE T A B U RED
IREND. FBAFETIE, H— NV E2HWEESBRIMPER SIS, IO A
VEMEE W TR A GTNE Ly vy Z I K B[R E AW 304 pHz 20 H E
WERR B FRBE DRI R S VD . RIS SR L TR Y O =RoeZEMICk T 5
NERETIEIRIN, FA YT FHO BC A Y OBAALE 2 EMEICRE LT E
BRSNS, AREE N AE VIONHATRETH AT, XA YT NE
HUTFOH — NV L0, H—0 7 OREE EHASDYE, H—07HOKERKRFED
NEBZBRNTAHZ LT, B—SF L~ MRI OZERBEEGEESND. § 5 =X, Kig
XDFELDELBDRENREIND.
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EEDHEE

WEE S 555246 = K 4 xR AN
AN . TR B JE SR K R A Ph. D. g AT
R B E SR BN A it () Feds fh—
B JRE 35 A U it (T%) LE Fih

BULEZET 2= Y — 4 — {1 (B BrER Sy

Fb (%), Bt (L5F) fex RMENE OFAES Kim 3T Electron and nuclear spin
sensing using nitrogen-vacancy centers in diamond (Fi@H : ¥ A VY& RHDERH-
IR LERHWEE A LAY OB TEEL, £5EIVERIND.

A A e RhozE#HE-224. (Nitrogen-Vacancy: NV) HULMT=RIRIC T ERE RS AR
HZAREE T ORRRAC TR EZ AT D, £ THAYEL FREILHFIZ NV
HLhEH -2 ETEo = LTREL, EOIFICEINIZH -5 FDRT L
~OVEERS R AR A A — 7 (Magnetic Resonance Imaging: MRI) % H 83 #F2E0°
HERIZI2> TS, 22T, 5 ORIGEEED OEECILE R IFE S, B5
DOFRFECE IS 7 M EnBREMNG L T HHE AL OALENR - L~V DZE
M MRE CIRETCE D LIS L TWVWA., LrrLZInETIE, U —LLTDONV
FLOMELZFRE LT, RETIBAE U DMNEZIIET H1-DITNER 3 DD
INT A—=5 (FEHE r, 186 6, Hiifh @) D56 r& 0%k FIEITRINZD, ¢
ERETHFIEIIGFIE LR oTo. T TR TIE r & QI2NMATHAA ¢ ZIR 1
NESRRE CIRET D FIELBRL, TOERIZHKI LT,

AL 1 FIIMEE 5T, NV L OB FS IS B3 2 e e 2 il L,
AW OAE ST NIREND. 5 2FETIE, NV LY L EEREE R RIS
5. F72 NV HLOBKILIEFHME O 2 BRY & LTI SRk~ A 7 2T
YT T OREHEMERERHMT b RSN D, 3 ETIE NV FLESRE P —ItBIT 5=
A iR m L SV AR CEED TRIZE S S HEMSREER Lo, 7=
E— L AN E AW EENREFA Y CBRANCET 2ERNARIND. H4FET
%, B— NV ZHW RSB Em I 5. Pz, B A v #Ez v
RVEREHANE &7 vy 7 2R3 25 2 & T, 304 uHz &\ 9 @ JE R S ffee
PIFOND &N, 7 N—TIZ KD FEBREROBRPREND. KRITHRERSG LT
HEAY O =WILZEMNZ BT DALERFETFEN RSN, ¥4 YT RHRO BC A
B OTALE (BEEE n, A 6, Tl @) ZRETDERMERNRSND. HHE
TEHAMLDOE LD EAHBDEENRIND.

UEZES 51, KX THRESNIZNV PLERWZE T RE, ZOREH
W ORI A Y OALERE T IEIX =R IeZEMIC BT AR rE D fEre = B3 5
H DT, B+ L~b MRI OEFUZ AT 722 IR 2 &0 9 RIZRB W T LFH
T DT TR,

XoT, KGXoFEHIIHEL (L% OFMNEZTHERB DL LD LD S,
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Development of a Lagrange—Monte-Carlo Scheme
for 3D Plasma Fluid Simulation in Fusion Edge Plasmas
BMEENE 77 A~IZBT 53R T 7 ARy I 2 b— g STz
TTT T a - T N EORE)

iz X—iFe L THIRFF SN TV DG CIAOKEMAEETIX, Forbdrtiansd
BRI RE T A~ i@ L CEREEIC S KRB - ki T A E 52 5. 2D X5 728 - ki1
AR ORI TIEEZRET 572012, BERBICBIT 77 A~k L 2 L—y a3 Y oEtEREl,
FRZ 3 RTTALBERS BEN TS, LML, FOYIalb—ya BN, ERET T X<
R 7R (1) BEORRC AT HR & B G0 & TS A D =X ANRKRE S BAed, (2) kv, &
i, TRLX—OFMEE TR REEA D= A LNRR D, (3) BEERTIIY—ANLD
FIRISERR SN D, E Vo WHB S AT UL LLERCBIERE T 2 kbbb,
LWL D, ZTRNETEME T 7 XA~ 2B A FiEE LTERICHW LN TE AR
AT, RO L D REHEYBIBR S OB E ZBIC AN ET3RIT~ERET 5 2 & TR L
EZzoND. U oW sEiE 2, AT ClE, RABRAKL 12 AV 728 L 3 oGt E T
LEORRE &= OBIEN Y HERGEE B E LT 5.

B1ETIE, AMFEOFREED - BRICOWTRRITWNS.

W2 ETIE, AFETHWE 7T X~KET IV« PRI FE T ONWTE LD TS, 75
R WIRET L L LTCIE, —MAI7 Braginskii HRRR A o2, R FEfeo, BER 7 moE
BENT U ADOK, A AV KROPBETOZINAF—NT U ZAOXEBRNTND. TR T-I22OV T
AT T L E N TN D,

w3 B, RARER TEACEEL T AaE (LLF, MC ) 1oV, BRI/ RE
BT Y e B RS R ETFIEICOWTHER LTV 5. 1 Roeiiio BRI R BN R BRI % 5
ZMCIETRE L, Wig - RitE1T-o T 5. ARARIEICEREBER GRS 2R ET D4
ERHDHN, T4V 7 VEME, /A~ FHEE2ICR LRY 2 FIEEZHA LI L TN S.

B AT, MRMEICE LT 7T Yok (BUF, L6{E) IOV THRRTWS. g
iYL T & D MC IEDRIYED XALH T o A IE~OBEAMEZL T L B 622 TR, £ 2T, FEE
IZMC EZ XM XL ORIEICEH L, ZOf5R, EIABEOBGH e Iz L0 IEMERR 22 iRz
o TLEIZELEEZHLMNMIILTWD., EBIL, ZOMEEEIRT D722, B DB & Rk
ETHLGIET— RERE L, LGIEIZEBIT 2 E/AREOLZN 2B B EHTHH 2 L%
RLTWD.

5 BT, YU EOBENCHES X, khiilcxt L LG 1%, BT %t L MC 2 V7= L6-MC {E & /-
WCBAR L, 1IRITCDORTEDRZYMELBIL L TWD. EHIC3WICHERICITEL, AFEORK
KAETH D 3 IRITIEZ~DILEOF A2 R LTV 5.

B 6 EITMEmM CTHY, AL THEDIVZHL L R EZ RTINS,
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EEDHEE

WEE S 35247 & K 4 8 R
WOCHEERNE . EE BERBRYUEEE it (1) P —/
RlA  BREFRE KR it (1) i3V iP5
2 E 3 SRR [+ (T2%) , TeknD VEE B
B 235 B W Ph. D. £73)
BEERB R EER Tt S B

Fh (%) - Bt (L) EBRFEREOPGEERFRIIL, Development of a
Lagrange-Monte-Carlo Scheme for 3D Plasma Fluid Simulation in Fusion Edge Plasmas (£%fl 555 5+
J&@7 7 A<IZBIT D3RS TAVHEY I ab—va il rIrya -8 r7h
VEDBRFE) 1 CEL, 6 EMNLERIN TV,

Bz F—JHe LTHRF SN TV DG CIADEREGZEE T, PO bt S
LE - RIFIIBENE 7T X~ %l U CERBEIZ S K28 - i TR a 52 5. 20X 9728 -
KL AR OFHFIEZBRRET 572018, BRBIZBIT 577 A~viEy I b—3a ok
REAL, FRIC3 UL EENTWD. Linl, £O¥Ialb—a B0 TE, HHE
7T AITREA R (1) BRI FAT I 10 & BT & TREA I = A LRKREL SRR D, (2)
Rif, EEE, TR —OREE TN RIIEA D =X L8RS, () BRI —
ADE DFIFIFEDR SN D, & Voo WHBIG A T T b LLERNCEER RS2 2 L3k
HDHND. LNLBRRD, TRNETENET T XA~0 2 RnBiERREFIEE LTEICHWLR
TETARERIETIE, EFEo & 9 RS MY BB R OEK 2 B I A7 BT 3 ot~ YLk
L2 EIIREEEEZ OGNS, D EOERERE 2, AT, RAERERL T2 0728 L
3 RTCEAEFH R TFIEDBSE & € ORMER 72 2 S ERGELR B & LT D,

B1ETE, AFEOFER L AR - BERICOVWTHEITND,

B2 ETIE, AR THNW T T AMEET L - MR A ET LI ONTE LD TN D.
7T AT T L E LTI, —f&AI7 Braginskii SRR A I, RiEgEOR, BERRIT I
DI FENT L ADK, A F U RPEFDOTLNALFT =T U ZOREMNTND. PR FIC
DOWTIE AT ET VA2 TN S.

B3 ETIE, BRI 2Rz e T hreiE (LUF, MCE) I22o0WT, BEFGmMHN-D
AN 2 2R BE R G RRE FIEIZ DWW Calgam LTV DL 1 IRGTHEEO R AU AR AV 2R BE L 4
52 MCIETREE L, g - REt21T-o> T\ 5. AIREEIEICHNEEERS ERELE 2%
ETOUENHDLN, T4V 7 VEME, /A7 FHESELICH LEL R FEZH LI LT
5.

FHATETIE, MRMEICELZT 77 Y aik (BT, LGIE) 20Tl TN D, fEs
W72 L T oo D MCIED R KB T 2 BE~DOEHAMEIIHT LS TRy, 22T
KL DEFEEL, FEERIZ MCIEZ B ORMEICEH L, £ ORI, EHARED G725
W KV IEMBRN R RIZ I > T LE D T 2N LTS, 61T, ZOMELEERT S
eI, RFOBE LML +25 LGiEa— FEHR L, LGIEIZEBIT HEARED (2
OB NAEHTHLZ LEZRLTND.

5 BT, DLEORFHIESE, MICx L LG L, #EBICH L MC % MV 7z LG-MC
EEFTIZBRE L, 1 RIEORTEDOZELYMAMRGEL TV D, S HIZ3 RcHEBICHEERL,
AKFEOREAETH D 3 IRTTEZ~DIEO A Z R L TV D,

o EIIMm CHY, AMIETHELNTHA L MR EZERTND.

ULk, B3 21K, WG CIADEAG IEE IR T 28 - ki A OfilfE, O Tix
FEROBMEREEBUCMT CTEELRDIERE ST A~ 3 RTLT T A~k I 2 L—
Va VAT B LW A FIEAL L b0 THh Y, L% EFET L L0807l 7%
V. Ko T, KamXoFEFITEL (LY OFNEZITLIERPHL LD LD 5.
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F i CE 4

AR S AT A B TRIC K 2 KIS TP & BB OSLIRE ST ST

B EAE ISR TR G 1 & O AEERCAEER  E 5 AR & 2| L CllaoE
FPEHERFOMI L L W o o AMBIR ZHIE L TV 5, ERERBUBRRE O & AE 1T 84E & &K
Ko+ & ODMEMERIC X 2EREEZ(LEZE L TV DD AmBl A2 FREL L TIELL B
RS D7D, WIRFP COBEBAE O - BIEZ M2 2 EDNEETH D, ARUFIE TITEIK
TR BB O S SCENEE 2 AT RIRE 72 A & LT X #/A 8L (Small-angle X-ray scattering:
SAXS) & 7 T A A - BMELIE(Cryo-electron microscopy: cryoEM)IZFEH L, 26D FIEIC LD
EEEME - BIROFHEITEZEEL, 2 2EREICEAT 52 & T, ZOAGMEL BT
e BT, FEAEOMSEEREOMIICER LT,

SAXS Tlx, REVE AEEIROBEL S Z — o b | B EESSAIRE, HFER EoREHE
ETHRAE DAL, ETIERBRI S TR EELZEA T 5 2 & TR FHITE 5, SAXS
TOMEHRITHE B HEREAT 72 & & R TR MRE TIEH 208 mWHNERFE B HEATENL T
SMTHEENC L 2 EHEMEE(LERSITHETE S, L L, RS FIRHEEE T THIE
o FIEIRITITR B 2 N S 3D D o AWFFE Tl 2R &M 2 F W TEEDOHEE TR D
HLHH LWEIREZS S FIEERRE L, BT L0 bENT R E ST, ZOFEE, LIk
ERRGPATHS T ZREAE 7+ b b7 0 b7 a s BORERITIZEA L,
JCRPEFEZHIET 2 7+ e BT HFEIEZAEAIE TO SAXS 77— 206, BRI & #
BERAA VELEZRE L, HEERIUZ L > TEL D U B EIEMER R D X 1 = X W &Ky fiRhe
THEE L, F7-. MEEERZH Y 740 7B ABIZOWTIE, Z7r~ 757 1 —& SAXS
PO LT SAXS 77— 426, 74 h7 b B OSAEGELAIER L, REHE SN~
#4 ~ 7 v A BIZBIT DR MIEIROZLE Y] 5N LT,

INOLOMREEHER, SHICEWVWOMECHERTENEOBEZLERLZ LA BRL,
cryoEM % W72 E AT IC 42 2 O 72, cryoEM CTHUS CE 2okl SN2 E P E OB 251X
D TRETHHESERENR SR EOFOh a7+ A—va VIEESND EE XD
N5, fto T, REDR NS EAEIREICOVWTOFRMEOND EHfEEND, LvL
2B, cryoEM (2 X 5 E FVEENEMAT FIEIIRA TH D . # MDa F2E D7 EO I E
RIZRBHZOW T DT D35 > D DI T D, AW TIL, cryoEM BOFFOIEH % 4y 78 /)
FUal—varnbSon o LA G DY D I E TCEABOEBREEZ N T D FIEE
72T BRZ%E U BEAF FE CIIMRNT 23 R W RE 7R 4 15 280 kDa D 7 /L & X el /KB IR DRI C
OIEEENT~ LI LTz, ZORER, FIFEROMEE AL NZELD T ) A— v A —F—0Dik
it 5L L b, TOEHOHHZRLF—HIZLH< Z LITRII LT,
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EEDHEE

WEE S 555248 = K 4 Kt BEi
AN . TR B JE SR K R A PR i R
R B E SR BN A it () i A A

B E SR BN A it () P fh—

BERBRFUESYE  f (T9) Mo

4 (), Bt Bl KRHEERERIEOPAGERGR UL, DI EMATIERRIC L 2 KE
BHEAEONAEENE CEL, N\ OOREIVERINTWD, EHE ISR oAk
mo & OMAEMER, MEEHS= R —EH e SI2 L0 | Ml OtE R MR- R L Vv o
T MBI OB ZHERF - HIE LT 5, BHEDNERERE T COMBE LR, 245 0K
K1 & OMBAERIC L 28BEE (L2 R Z D, EMBlREFEfRE L~V TCIE L < BT
DI, WP CORBEONAREESCEN AT T2 Z LN AR EBZ HILD, Kiw X TIHE
TR AV OREIECENAE 2 fEHT "I BE 72 X #/NA H0ELIE (Small-angle X-ray scattering: SAXS) &, A
W AV 2 RO L CRLES T D 7 T A A BAMER A (Cryo-electron microscopy: cryoEM)IZF H
L. ZHHFEICET 2EAERME - BiEOFHARITIEZ PR - BE L, HROLEY FRICEER
EHEICHEHA L TEOAMMEEZRGET 5 & & I, ZNENOBEEMFIZ1T> T\ 5,

F—ETIL, RAEOHWEIIEOME, Wik TR EOMIENFEOBEEMIZ OV TR, A4
FEDONLES T, BB LI ONTE L DTN D,

5 "RTIE, SAXS OIEREHGR L AERD S IR PRIE Z MBI L. SAXS TORE IS HILRE G
WIS 72 & L R TIR D REE TIEH 528, mWHIESREE B B E 2752 L COMMBEE 72 2
L OEPEMEZCEEGICHETE DR ZMmB LR G, BIEORMBERZIER L T\ 5,

=TI, (EROIERRIHEEIE T TR SN D 55 FIRRICFEE AN S N H H 2 & 2R
L. Z2EEMNTZHOTCEROMERRNPOL LD L LWEBRES L H LW HIEZRB LT Z
L. DI, HEMEREZE LT, RFEMERELIY ENLTND Z 2R TNS,

S VU B N OVER L8 CUd, BTBLARNT VL 22 NEARREIE DS R AR C & DAY L3 5 8 BV E O & AT
WA Lok 2 HmE LT b, HBNETIE, SEEELHET 274+ M e ErofF et
SZRAZETOG TR EE R AL VELEZREL, SR L>TEL D Y VE{EiE
M RDOA D= AL EHEEL TS, FHHETIE, HEEEREHS 74 F 72 A BIZon
T, HbRiEfE 7 n~ N7 T 74— & SAXS ZOFH L CHEET =20 b, ZOREMIREDO S
EEEEZRE L, REXMERDO 7 4 M7 v B ORERIEIRE{LEZBH LN LTV 5,

FNETIEL, SAXS K0b @ W EE TR R E ONAREIECENBABIZE TED cryoEM (IZDW T,
FOREAEE L, BEAEBIBIEIEE~OMHICBIT MEEHER L T\0b, HEETIE
cryoEM O RFIHIZ AT, B BEIEEE 2 5 781 ) 7 CF S 7 2 BB 2 VTRt A

<O HLWEAEBREMATEOBRRBICOVWTER LTS, SHIZ, kL 7L I UK
LD N AA EBFITIZEA L, £ OPEIREZ AT kT 5 & & biT, ks TR
Thole FAA VEEOA BT RLF—HEOAGUICHRI L2 2 L@t LT,

WZIT, FINEIZBWTARIFEARIEL , FERAZ2HFEREBRICE KL W5,

Pk, REmSLOFEFZ L, RIS 58 AE O AR E GO E 2L & 7T 5 72 D O Fri figsT
TIEAMBIZBRE L, 2o OFIMEE BARKMIORT Z & T, BEAEWFOMIETIERBIZKE L
Bk L2 F 25, £z, WEXSR & LAY PR EE R E 0B OMEE - BEEHEEZ B 62T L,
FrlZ, MEMICB T oRELE v o AR OBRIZHBN L7 LR T E B,

KL DOH =B E-EEDONED, FHl O @I SCANEEIZ R E 72 3= I D 2
L. FElo, KSLORED, IKKBEF EHFEGT5L2A0RD L7202 &b, KinslDOEHEIL,
it (BF) OFMNEZITL2ERP DL LD LEROLND,
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Novel dynamic critical phenomena
induced by superfluidity and the chiral magnetic effect in Quantum Chromodynamics

(ET-ESAHTIT DHBITE) & A T NAEKERITER U7 ey 72 i i 5

BRREE « BIRANY A ALFERT v v VIZB T 581 071% (QCD) OAatEid 4 #
it 2% = L1k, Fh T OEERRORMRMEDO —>TH 5, T E T QCD O
[ZiE, BEWE ORIR « ERARERE O R SIS Z T, DR S OFIENHEERIIC R
BN TWD, =Dk, "NKaUMET +—7 « T—F 2 « TT X HOR O & IREE
RETHY, b O —2F, B T@EREEE 7+ — 7 BRI O O SBEERA S TH D,
HA A UERERTIIZNL DR AOBIRZ B L TEBY ., ZOifF TOMABSR %
HRMIZTET DI CITEERREE 2> T D, DT, HA A4 U HEERTIL,
ERE LR LA TNVEBRGEHREETH b EME LTS, ZOREMNZR
BN, Ws &R CHINCERNEC DA TR TH D, BT, T4 T MRS
RIZE ST, TA TABKIILE PRI DB R BB D Z LR bI TV D,

AL TIE, £7. @EE QCD ARSI ORT R /X —H2hBim A HEEE L,
Z DOFR - BIRER R BB 2T, ZORR, BIE 7 + /v O EH AR S 2 R T
ZEERM L, BT, mEE QCD ASOEM = "—%1UTF 7 J7 AL, @ik
FESRSDZI E B2 57717 T/ <. Hohenberg & Halperin (2 X 2 HERD/3FEIZYS Tix
ELRWVH LWL =R—H VT 4 I TRATHLI L ER LT, ZOHLWNZ="—H%
T4 7 7 A, QCD IZRA R A A TV FRIE DAL ORRIF AR L IRE) 7 + / - OfH
OMESERICRINT 5720, EEER R SOEHETOBMERRGE2BHT 5 2 i,
m i QCD WE NI ENEZ T 85 LWL A 5.2 5 2 LT b,

WIZ, WHH D QCD OAA TNV "KM EE 2, BINERBSRE B A 7 VRS
RPMAICG R DB LR, 20D, B1FEEOYREZET0IERIE Langevin 7
BAZHEE L, B D ZABEZHWEMIT 21T o7, TOMKER, ROBR = =/—1
VT 477 A%, A TNVEEKENEE 1A TR DFTEIC L - T, 76RO TE
TIE NHETIVA EMEND I TANEEDDHZ BRIz, TO—FT, A4 F
IAESRIE MRS 2L, B ROLFECHAET L2 bbhole, £o, ZOH
L1, KR - IRIAFREER O FE R SOEEE T B W TN S LT D I O R & R U B AR
B TR DD Z L2 LM LT,
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EEDHEE

e %5 5249 = K 4 BIEE 2
WMOCERAHEME . A BESRPUCHMZEEE Bt (F) A A
Rl BEERBEOT L (FE) - B s BT
BERBICMESTE Mt (F) PakS 7S
BERBICHMESTE Bt (F) MIL BT

F (B) BT (BF) WG B O ALK ST, [Novel dynamic critical phenomena
induced by superfluidity and the chiral magnetic effect in Quantum Chromodynamics (& -4 /)25 1)
LHGE) & T A TR RITER U728 ar R B0 A BIE) ) LU, 26 EX VM STV
Do
BRI « AIRANY A IR 2B 707)% (QCD) OMEZ BT 5 2 L3, Fhi+o
FEVERLI DRI EDO — D> ThH D, ZTHNE TOIBNFIIZE > T, QCD OFHMEEIZIEZ, N e
VHE T k=7 TN—F s T T AFOMO RN A L . BBRENE & 7+ — 7 BiRENE
DD & RS R OFENTRE SN TN D, FEXFRIEA A B3R i, 2415 QCD i
RAOBRZHAEL TBY ., TOIHGE TCORABRLZHRITET 2 LITHERERREL - T
W5, [FRC, BA A ERERTIE, B FRE LR LA TNVERGEZIRET 52 L bl
DREBRBAETHY . TORER RGN, By & R CHEICERSBELCD (04 T MEKEIR] &,
TS THNDEER D [ A TAREKH ] ThD, FHIIARmLITBWT, @mHE QCD I
FRICI T 2680 - BIERRBIR L | A T BRI RO IR QCD S Al s 1T 2 §#i - BIRIER
RARA~OEZ . TN ZNAO THRAICH 52 Lz,

B EIIFmCHY ., ARIEE - AIREE QCD OMFEDOBLK & | ARFZEEOMEN B ST
Do

%2 FTIX, QCD L ZDAME, BLT, I A TNERIRE A T IVEERBIZ SV T O
WIERBEN TV D,

#3 T, AR THO L HGRIESHA BT S TV D, BINEABREO 2= =%V 7 ¢
77 ADMH D%, EERRBIG %2 5a3 5 Ginzburg-Landau BifR & B A TR 2 50k 35
Langevin ¥, X HICENENOHERICKT 20 ZAHFEOHFENFIR I TN D,

%4 E T, BB QCD AT OK= R VX —HHEm A ME L, T O - BInEEREL
RPN TND, TORMK, BRE) 7 4/  OFEREPENRZTRTZLEEHLNILTND, &
Bz, @EE QCD AR OB = N\—H% U F 7 7 A3, Hohenberg & Halperin (& L D7k D
DEEBITEH LN =AU T 4V TATHDLIEERLTND,

5 HTIE, WRBESETICE TS QCD O A F )V KA 25 2, BIMBERRZ LA T 1
BRI RPN G 2 DB TN D, £ BFREOMREETIMIE Langevin HHER
L L, WICEI K O ZABEZ W 24T > T\ b, ZORR, RO ="—% 1 T 4
7T AW, A TNERNRE A T IVEBERBDIFAEC L - T, RO SHICBIT 5ETVE 2D
ETIVA EMEIND Y TANEEDDL Z L ER LTINS, T2, DA TR MRS D8,
PR R DI CHAT 5 2 E BB LN LTV D,

FoHTIE, flame L TAMIIEOMREN T LOLNTVD,

PLED X 91T, AWFZEIL. QCD WE DOBIRENIES T A T NWHERERIZ L - T, BN
RBGNEEINOEEMITEESNDZ 2R LD THY , BELRKETH D, FFiZ, FHL
WEI == U 7 ¢ 7 T 2 E BRI R L7 AR ORI, M= L X —WRpIicl E S
T EABROWEORBILS BT 200 L LTHESIFMETE 2, Lo T, KL OFHILHE
+ (BF) OFNEZTLERPHDL D LR D,
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NEDEE

WEERS 555250 =5 K 4 ks F5

F i CE 4
HET =4 U EIRILEY SroVFeAsOs.s &2 A=
RRARERRAAA O & G L BB B B 3 B AT

AFHSCTI, MBS H 2 A v ~OFE R HIRE S 5 B EHM O AREER FE S
JEJ M ESELT00MY A%z £ L DD, BB S 5 BIE K IS
X3 DTE T D EEBEE R AR B E (woH) B2 &, F72, % U T OHIENES
ThHHIERRDOLND., TZTEHERINDLEMIERELS T =4 v E@Ribaw
(Mixed-Anion Layered Compound, MALC) To 5. KX TIIMALC DOEDTH Y, H
(REHRRE IR B (To) 38 & Y woHea DS ELEZHIEI VY Sr1aVFeAsOss I H T 5.

% 1 B TIX Sr2VFeAsOss ICH H LB %2, BIEFEHA SN TV b 5SS H 21 Lz
B DB EZOMBES & & HITh D, ZD%, SnVFeAsOs.s & V72 BBl i bt B %
DBRIZBNT, DR EDRKLETHD Z L2l 5.

% 2 BTl London HHEX/) 5 BCS Hin O E I G 2k X 7-1%, KL THW =
T VE T D X #REHT - BRIEPTRME - BLHE - SEM Bl OB 23 5.

5% 3 ETIEZLAE T SnVFeAsOss DERGFE R A MET 5. BIETAKIINZ, —HH o
EHIXR L, —EINE TRERTH DAy 7 LA (HP) ALER ATV, IKZE R 248 itk
B85, KRB0 R X BREITNE — o NHHERAER L OB - ER AR ET S.

55 4 FECIE, Z458h SnVFeAsOs.s D EEELIZ LD Jo ~DEELE @53 5. HP JLEE
SN LhEREREIOBALFED e A7 U A0 5 Bean E7 /VIC LY Jo (magnetic Jo) & H
3%, 554172 magnetic Jo 1%, MEEAIZEDY 0 TIZBWT 124, 45 TIZBWT 48
G ERT 5. Lizdo T, —#lhIE N 2SEE O Je 17l EIZEZTH 5.

B 5 B CIES A S SraVFeAsOss iBHZ DWW T, mFE FOBRIEHHIEN R E 51
CEEBIRE (T) OFREZWET S, £72, 6 = 0.116(2) 122\ T, Gorter ET /L5
woH(0 K) & 39 5. EIINE 2N 2.7 GPa D & &, noHo(0 K)S EF-4 5. Z i3k +1k
R LD /NS 6<0.116 IZBNWTEY @V poHe 3G 65 Z 8 2R LTS,

¥ 6 ETIIE 4 EOMRABEEGMICER L= EE L LT, BEEa 7 0mEE
FEALDORAZET S, BB a7 OEEEICED void B8 L, ZHUTX Y J 2
285 A em? 2\ 9%, SraVFeAsOs.s & W T2 B RERA T I\ T, void JEL THESE KR
NHN L, BEEHMO Te BIRIBRDT 5.

[ FE S CIE AR 2155 & & D30 CTHE LW il SraVFeAsOss I8\ T, BiAE
WA SEDZEN S M EICEETHS. 22T, H7TETIL2012FEIZYH THRE SN
oA AR & AR E S AW IRAEIC L D Sr-V-0 =t R {bEM DA% HET
5. 5T Sr-V-0 =t R b W% SroVFeAsOs.s ki A i DO FTERMA L L THWS Z &
T, LV EBEMIZIEWSHES SnVFeAsOss AT 5 Z ENTE 5 LIRSS,

FYEDMEMCIIFEIENOHTETHONTMAEZRIET 5. £/, ZhbDmiA
% K12 SraVFeAsOss IR EMM O X 5722 J O EIZmT 7268 27 5.
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EREDEY

WEE S 555250 = K 4 kg 75
AN . TR B JRE 35 A U it (T%) R B
R B E SR BN A it (T%) foty  IERE

B JRE S5 A U Ph. D. HAK mF

B EZR BN FL F AR Lt KHE

E+(T%). Diplome d’ingénieur ‘AW FHE O EimXiL, EE 7T =F VEIRILEY Sr,VFeAsOs
T RO BRSO mER S EREEICBET 2450 CEL, 28 Eh LMK IN TN,

MBI R 2 a 7R UCER Ui 13, sBan R A2 LB L3 5851, b bRk
W RV E, AR, R ORI R ATEE THOWON TWA, BEGM O HIT. JIE~Y 7
LED MR Gifford-McMahon #HEEIC L D EBRINHKIEZLE LT 5, 2D OB AE
WCHW D EEE O/NRIZIE, BEFO Nb-Ti 7 £ OGS RBEEERE WM IC S, XV EiRT
0.5-12 7 A7 O &S F COMERZ AR & T 2 BREREZ H WM R LETH D,

FF LT 2009 2 Zhu HIZ K0 HE SNICEET =4 VEIRIEAE Y StVFeAsOss (21113V) & =
TIELE UTo RS  O/ERL, PEREREAM. & OVAERESANIZRE T 2B LRI W THET %,

B1EIFMTHY ., a7 ke UTHERT 282 mIREBEEA 21113V OO BRE LA
KB A e L EAT T 2R R0 B, BAREIRIZ IS T 2 B O SME & L CoOBREHRS
IREE(T), FEBER A (He) B FEIRE (). L OBMAER Y 1 & 210k L T2 b3 2 THERS
IROALFARR &R | I XV IRESND T & L COREIREE ] 285AT 5,

F2RIFHTHY, BEREICETLE M. MR ET V2 SHBISE. T2 bbERyEE
& U COBIRERDOIRIR &2 1+ 5, (L0 AW R X RREr, AR E FBEEEIC W T
AT 5, WEXROEETFOESEIRE, MKE—A 2 MIE, X My U FRES L
DOFERE 2 W Tl BIG ORI Rl S 4L 5,

53 EITBEER O T E L THW: TEE T TARR S 7228 21113V OfERL 7 v+ % |
BEET S, WETOAKTERZ 21113V ISk L T—HihiE F TORWHE(R v h 7 L AHP))% i
L TR 72 DOFEH21113V-HP) DAL Fflk, fhdallim, & OZERRSRBER D) Z L 2R T\ 5, &
JEFCAR S 472 21113V 1%, 2019 4E1T Tojo HIZ L D #iE S 7= 21113V @ [ERFERIEE L&+
) OMENZEAST D, ZAUTX L, 21113V-HP I%, Tojo b D ELFHAKRFE—ThH > Th,
BT EREZ T, ZOMHEOMRRIL, WEICTHHIND,

55 4 T (X 21113V-HP OB E IR AT 3R, BREHIE, BKE—A LV FeRET 5, HIETO
B THETZ 21113V IR AL — T > TH  21113V-HP D T.13 6 K FEE VN, 21113 V-HP
IXERR KIR DA U DA RN LE O DN EE T TR SN L Bpp L BERIND,

55 BT NI D 21113V-HP Ok LMl Téd ¥ | 21113V-HP |2 3 GPa f2 £ DO Ff K+ %
FInL72581c, WHETOREIZHST, 1I0KBE TN ER 752 L 2WmET 5,

96 T, ThH DR R WM ERL & BRI B ORI DWW TR RTS8
REAM OERLICIE, Ry — 2, By —RAD ZHO L —AREZ VT WS, 4 TS OINEIC
XDFEMEIZE D, Wb IBREERT D, 1EINEICE D T —TRE2ERT D, 7 — 7 HRITAR
[, ZERRBBINCIRL 725, T— 7D J AT, BRI 6 fFE0,

57 EIX, 21113V OFEMEHER TH 5 Sr-V-0 Z T RILBEM DA F ik & AR E 5+ %2 iz
B A et O A pk & B A2 S T 5,

8 EIL, MARERTH V., 21113V AW - BInEHRM O J, LR O HiEwmERF L T D,

FRm SO, BARERRA OVERL L GFE & W D B D F 72 B3 JER RO Yl 2> BN T2 8 5 1
FE - BVLERE COMERIT o XA THE UGS, a7HEE LTo 21113V OFRZE L & OEHE(GE
N L DEEBG A~ OB WP LT L ER BRSO ORI EI VR LI DO THY . T
2l TEEFEGTDHLEZANDRLI RN, XoT, BEHEEYEZIL., EmXoEE I, LT
DN EZ T DHEED DD H D ERD D,
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WEES 555251 = K 4 AL ST

+ i E 4
& BRI IR R 2 — BT BRI L X A F I 7 A D
IR & - HIENC B A AT

BRIGITEIR DORULZ A F 2 7 ZAOWEIE 1940 05 1980 EARIT T T3 7 o s ik
TREANTHFIE S iz, — 5T 2000 E{RICA D & RGN TEAfr o m EIC ey, B o s X
WELTEIRTAAE VIREIEHT A~ ) =7 A0, AV UAEHMEORNLTHD AL
METEHAT AL hu=7 2L W o 28 LW R, TR L, Rt iR Créft
A FI T AOHBERROLNLTWS., LML, WlbkZx A F I 7 2A%&2LdbT 5
Landau-Lifshitz-Gilbert HFERITIERIEM D HRXTH 272012, HERKMNIRITHEATT
LY T a s AR — L ORUNEREMEIR T, ST O DRIERE IR 72D, 22T
AT, Y7 27 gy A7 —) LTI T U 72 SR R R A O IR 2 1 )
7 A e FEERHNCTHR D FIEZ T L, IR X 2614 & S REEEIC B D HF9E 21772 - 7=

F 9, WEMEROBALD —RRICER T 2555525, ZO%A, MbX A I 7 A3 2 H
R SR (L ER R B OEE) & 70 0, BT TIEIC LY, EEMICEMCTE . flziX, 5
PEDOIRVRIEMER ORL & KR S 5532 TlE, ZEREBMELZET— KR S5 Z &M
WEIN, BbXAF I 7 ZAMXE L TEENICEED BN, L, ERIZRREEIC X
0, ZOBERREL ET — RE2BU L7 ITIE & A L, UMM IR DB RS K DM
REAEHOMIT HI0I2IE, TNEBEFRERT LWERTIENRD D, & 2 TR
7% CliL Cooperative Switcihng(CS)1E% B L, BIHEL EE— RO EEENRFEEAFEL <
T2 ZOfER, “Saddle-Node 47iE” & FEEN BB/ T, WAk Ok ZEEh M 23 R 2 21
TAHHRSE BTS2 LW TRRE LT,

WA, BRBEMER DIEIERAL XA F 2 7 AL, 2 v OEIREELOBLE ) & BfRT 5 D)
—ETHD. ~ 7 )l BEOREIREE R B TE L0 THY, HH-MIZIE
AP LI AEMAMEE— R ThsD. ALV EOMEITSHMEIRIC L ViR S50,
TR PE DMK < RSN G MY 7 2 7 v v A7 — L OIRBENER TIE, #0450 HE%R%
ENTRC RS Z EMTE RV, T2 T3~ T ) VHELE I D IERIE~ 7 ) B S %
W, w7 ) UIKIREED R A HET 2 EBRTIEARE L, TOEIEIRI L. ZOfE
B, 7 X7 v UEO NiFe fll#R T, #HREC L7 REHIE R T~ 7 Ny RilR#—F—
Ne=7 ) VHRIRIEO = R VX —Z)0N 5 FREREILS R EEZHLMMNIL, ERE~S
J R O B  FREIC e D T L AR L LT,

BRI, FERIERAL X A F 2 7 ADOEZhREIEIHE U728 LWL A BBl B &2 e L
7. W73 BEOEI A — LV TCIIA Y U AEBIEORN TH D A B BB 5
25 bV BEENT 572018, AU EMILA AT I 7 AOMAEERAPE SN TWD.
UL, AV UMARE LT Pt REOESBEHEAT L L, WHIRICL Y ESETICAHE
BENERL L, BULZ A T 7 ANWET HMER S - 72, AR TIL, 2016 4412 Pt & [FIFRE
DAY VARSI R Z 7T Z ERIME STV D BRSO ER-A ARSI H
L, fHHEEBEEZRE Lz, ZORE, AN LEBIR~OLBDZRN, BRNHD AL
TRAN~OEBRI O S K/ NS MK THD Z L2 RR L. ZoMWEICk Y, BRERL
EBEASLTY, POX I ITHALE A F I 7 ANRE LRV, ERICIERIERIML X A F
ST AEETESEEZEZHND.
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EEDHEE

WEE S 555251 = K 4 LS TS
AN . TR B E SR BN A it () REIR =2k
R B S B A il TIRE

B2 EFEERR 2% it (B Pk fh—

BER AR AR i (T5) L7 A

PR, ELEP) M T EEIRE OPAEE R S, SRR EAER Y — 2B 1T %
IR Z A T 2 7 2D @A &M - HIENCBE 2028 LREL, &2 8 L VR IND,
H1EIIFRTHY . IERIBRHME A A F 2 7 AWFROHE, KR D BRNRR5N TS,

B 2ETIL, EMERAL T A T I 7 AL A UMICEAT 2 EBHERNE LD LTV D,

F3ETIE, ERICHWEFRFOEREFIEESEIEFRENE LD LN TN D,

%4 ETIX, IERIERMEZ A T X 7 ZAORFRHISEIREIZL A2 % L7 Cooperative Switcihng(CS)
EOFBE L ZORGEREREN T L O LN TND, BULEEN KRG, R X A F I 7 ATHAL
ki EORUE & U CRAIPIICTHIRON TR Y, SERMALT A T I 7 AMERHET 5, —F,
BRIZ2NEES D, O OBPERTEMEBIEE TE TR o7, BME~A 7 aiflc kv Rk
FAT I A& L, SRR GTEM B ZBCAA v F T35~ A 7 a7 v A MGk
(MAMR) CliE, EEARICBWTEIMELEMZ2 BT 5 2 L NEB TH D, £ 2T, WLEEMDO=T
FNX—DOIEFERZ | 7OV AR &~ A 7 a i ORIFEINING X 26 A A~ T2 T RED B
% CSIEEBR LT, TORE, mlE~4 7 alEs 97 7 v g NiFe fiffIC 5 2 7256, &
EHRIZ 3 5 =k L X —[RbE 3 37 RS TR+ 2 2 & 17 BLELT Ol EREIk ChERE
NN E 72D 2 728 MAMR ) EEE R 257,

%5 FETIL, 100 B2 E TH/IME L 7e v A &= 2 CSIEIC LD, FERIBEA A I 7 A
\ZEEHI IS BN D DI B S 4 7 X 7 1 g NiFe i CBIEE LTz, ZOf5 R, Wb OmgrEEs) A
DIINBBETH X U TR LT A E2HA L, ~A 7/ a~ T X T 4 7 AFHHE LD LY |
Zivhi“Saddle-Node 773l A FEERICE VIO TRBIZE LT b D TH D Z L B3I L 72,

HEETIX, AL VIROIEMEA A F Iz AL LTHMbIS 3~ ) VBELBHARICERL, A
DSy B RERR & IR BEIR TR AR R A £ Lo, RIS TR T ) A — VREER T
X, BRI RD b, 22 T3~ 7 VHELESE W T~ 7 VIR R A T
RLEBRPEEZBRE LI, ZOFE, %77 0 4§ NiFe fI#R T, HEEC L 7 50BN T
BJ—F—Re~7 7 VEEREO TR VX —EE SHEREITELZE2HLNIL, R~
J VRO @R I ERE T DR R A L,

BT ETCIL IERIE A A F X ADEE R LT A B U R BR R L 0 FEE
REEZAT - 72, A HUEMHEASERCOD DK X ekl 2 A & Uil WV 2 06T, sl
REDEBEFHRIZE D . A IRIC K DIERIERUL X A F X 7 ARhE I S b BER S - 7=,
Z 2T, SOl D/NS 72D FREMALIC L BE& L RSO AL Uit Ak LB TFEICER L, A
v A DR M & BRBEMEIR & DTN R 2T, O/, A U b B~ DR
D, WEEHELD BIEFITNE L, SOICHEEDRBIZFEA LRV EERA L, £/, R
(REFE OERMEEICHERT D22 HT LA U IAEMEEIC LY . 2D OEBRERENFHHTE S
AIREME 2R Lo, ARRRIE, Er 72 A EE) &R AR 2 W A B AR O FREEZ R~ T H DT
b, AV bR AMEHBICRESBERT 2D TH D,

8 ETIX, A XOfEREE LD THEMEBRI TN D,

VL b, ARGwsCiET ) A — VTR DO IERIERAL 7 A F 2 7 A DRI « B - HlEC B
THHLWHRZEZLOTHY, AV ha=7 ZAOEEWHE, THEHAICKESBEMRT 250
Thbd, £oT, KigXOFEH X LERD) DM E2Z T HERNH DL LD LFBD D,
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NEDEE

R 555252 75 K 4 EVAI|

F i OCE 4

B35 12 & 5 %1972 poly(ethylene terephthalate) 7y i =12 0 BH 5%

Poly(ethylene terephthalate) (PET)iX, £k4 Ze HiZ CHWON A ERMIAED 1 > Th 5, ATEK
YD IAITE - T PET SUSOFEIIHIMEINICH 5 —F7 T, FOMIIIIRZBREICH L TE
BRI72FENRA I TEY, BEE I TWD, 2070, BRERAR ALY 1 7)1
EOBFBRD ST D, ARAEIZ K5 PET QB IBFI72 54 F CHUGRIEETH VY | PET
DFEHEA W Z L CTE 720, RAR PO U YA Z ~EA RN E L TER ST
Do THET, HxREEDINDG PET NREFENFE SN TNDN, ZO0RIZ—HL T
W7D, RIEERGITIEE > TWRY, FHF I, PET offEEE ORIETEIX, BUKA72 PET &
BUKH 223 & OO BEAEHBEEDIRI NERETH Y | Z O AN OBCEDN DRI 72 /31T
DIRMND EBZ T, FITAMETIE, INOOMAERZNET 2 FEOMRBEEZEMN L L,

%5 1 B TIE, PET #rRAYS RIS (PETase) DIEMEZ | £ OFFEAN 22 K dE A 2 R ) L Coleg L
T2 FEIZ DWW TR %, PETase (FF DOEWEER(l = 9HIIKMINTWD L H 2, REMNIE
B LT-BE TH D, AFETIL, PETase (2 X D PET iSRS, Mid TIRREDT =4
PESETEPER 2 092 2 & 23 100 f5 LA EOIEMER BIC el Z L 2R L, LT, 2D
IEMYEEL, 7 =4 R EEERORINAEE Ch D PET £lad 7 =4 kL, ZhizL-
THFANED PETase & OMAAEMZIME L7 Z LITEKRT2Z 26T LT,

%2 BT, 1 BECRR LA R EIEEAI ORI TIE & B RE AL A, IHEWE PET 23 fi#
%56 Thermobifida fusca cutinase (TfCut2) DIEVELFR T OW T~ %, TfCut2 I%, PETase & &\ 4l
[Al14:(51% sequence identity) % 7~ 9" —J5 T, PETase & IIXxf DT =A DK M (pl = 6.1) % FFD,
Z ZTCTHF A MRS ORI L ATEE~OFELRTF Lo L 2 A, 24 {FOTEER EIC
R L, AREMUOBEEICHIGHEETH 5 2 EBHL MR-, ARG RITENERT
o D RETEMER ZHEH L TV DI HEOL T, BEROEMNZMED 2 &7< 48 RFHLL L E L T
FISFRETH o7z, X HIT, IHHEAED OMEIZE R Lo A REA X0 E S 2GR BA
FLK G62A/F209A 12BN T b FETEMERI O RINIZhEANC OS2 I L, 24 Ref R RIZ 80T
B S PETGRS LS 3-5%, JE X 200 um)D B Z 90%LL HIKF &b 2 &t 2 /R LT,

AWFFETIEL, WD T, FETEPER O EM 2 RIS E DY TaReIT 2 2 & 03%EAYIC PET-#EH
WOMAAEH ZUE L, PET fRIEMEZ RigCm L2 2 & & R Lz, 2070 R miE kAl
DOEIMTIET, BERIC X D PET RN B W CTHBEMIC /R 95 E2 6N 5,
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EEDHEE

WEE S 555252 = K 4 w0 A
AN . TR B E SR BN A it () wmA ET
R B S B A Tt Yok
B JE S B A Tt [ 1 AHR

BRERBCEEE Bk GUEREERY) R X

b (BT, L (BT IR OPAEERGR ST TBEFRIC X 530372 poly(ethylene
terephthalate) 77 fiE FIE OB EBE L. Fim. Aim. fiom. KOOIV EERK STV D,

Poly(ethylene terephthalate) (UL PET) (X, A MOl Ekk 2 2 THOW B TW D AR
RiECTdH 5, BIFE, PET RS OFEIIHIEICH 528, Z OB FIEIIRMER N Z W, £ 2T,
BRECIRAM 2 ) A 7 AV TFEORBENRRD LTS, —FH T, IBM7RSMT CEltn fe/e AR
il X B PET /3 FEN, LW U A 7 AT LTHER SN TWD, THVET, Bkx 72
KO FRFESRIC X D PET fEDRET ST E 23, DRI < REERBITIZE > T,
EFIT, BEFIT LD PET SREE MRV OIE, BiKAY7Ze PET & BKA 7l L oEfllEE Dk &
WRKN S D LB 2T, 2T, HAERZ%ET 2 FIEE LTCHRmIEHAZRAT 2L 28R
L. @%hE7e PET 0 FIEOBZITEE LT,

JFFamClE, 77 AF v 7 OFIH, BEICEH 2 2 ESCAELSMRIEIZ OV TR TS, £/, PET
DIEREFEONWTE LD T, ZOMEAZIERML TWD, BEICAIFZED B OV TR TW 5,

AFHOE 1 FTIX, PET 2 fiE > 5 [FE S iz PET MKy fifl%3% (PETase) DIETMEZ . Z D4F
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Thesis Title
Development of Unique Reaction on Boron-doped Diamond Electrode:
Coreactant-free Electrogenerated Chemiluminescence and Hydroxide lon Oxidation

A boron-doped diamond (BDD) electrode is gaining much attention as an electrode material due to
its superior electrochemical properties such as wide potential window and small background current in
aqueous media compared to some conventional electrodes. Moreover, BDD is able to promote some
unigue reactions such as electrogenerating a strong oxidant/reductant. In this thesis, advantages of the
BDD as a working electrode to promote unique reaction are utilized. Firstly, novel coreactant-free
electrogenerated chemiluminescence (ECL) systems by in situ generation of coreactant are developed.
Secondly, the hydroxide ion oxidation behaviour is studied.

In Chapter 1, general background of BDD, ECL, hydroxide oxidation, and purpose of the study are
summarized.

In Chapter 2, a unique ability of a BDD electrode to electrogenerate strong oxidant efficiently
combined with the high overpotential over the hydrogen and oxygen evolution is described. Generally, a
system of using tris(2,2’-bipyridine)ruthenium complex (Ru(bpy)s?*) as the luminophore and S20g* for
the coreactant is commonly used. Instead of using coreactant S20s?-, Na2SQOa4 solution was applied,
which allows the electrogeneration of S20g% from the oxidation of SO4?- at the surface of the electrode.
The results showed an efficient ECL generation could be observed at the bare BDD electrode in the
novel Ru(bpy)3?*/SQ4% coreactant-free ECL system.

In Chapter 3, the another example of coreactant-free system of Ru(bpy)3?*/CO3% is discussed,
where COs?% is oxidized at the BDD electrode to generate H202 that acts as the coreactant. As the ECL
intensity was found to be dependent on the concentration of the electrogenerated H202, it can be
controlled by several parameters such as pH, oxidation potential, time, and the initial concentration of
electrolyte containing CO3%.

In Chapter 4, using the similar strategy, ECL system of luminol/CO3? is shown. The emission was
found to be decreased by lowering pH, which is anticipated in the luminol system due to the needs of
luminol to be deprotonated before oxidized at the surface of the electrode.

In Chapter 5, a study of hydroxide ion oxidation on the BDD electrode in alkaline solution was
described. A hydroxide oxidation peak was found in both oxidized and reduced BDD electrodes and the
peak current showed a good linearity versus the concentration of the hydroxide ion. The current in a
weak alkaline solution was found to be higher compared to the same hydroxide ion concentration of a
strong alkaline solution due to the buffering capability of the weak alkaline solution.

Finally in Chapter 6, summary of the thesis and its future perspective are described.
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A Study on Hopping Based Control Channel Establishment for Dynamic Spectrum Access

This dissertation provides a study on hopping based control channel establishment (CCE) for dynamic
spectrum access (DSA). DSA technique was proposed to improve spectrum efficiency, where
unlicensed secondary users (SUs) can utilize licensed spectrum without interfering licensed primary
users (PUs) opportunistically. A pair of SUs wishing to communicate with each other needs to exchange
control information using control links firstly in DSA networks. The procedure of CCE is referred to as a
rendezvous process, plays a critical role in configuring a DSA network. CCE in a DSA network is a
challenging problem. To cope with the problems of control channel saturation and channel blocking by
PUs, channel hopping (CH) based rendezvous algorithms are commonly used for CCE in DSA
networks. In CH based rendezvous algorithms, each SU generates its own CH sequence (CHS)
according to the CH algorithms, and then accesses available channels according to the generated CHS
sequentially. Control channels between SUs can be established on the channels that they access
simultaneously.

The main contributions of this dissertation are summarized as follows. Firstly, a heterogeneous
radios based rendezvous (HRR) algorithm is proposed to guarantee rendezvous within upper bounded
time for the SUs in heterogeneous DSA networks. Then, a modified enhanced HRR (MEHRR) algorithm
is proposed to achieve full rendezvous diversity for avoiding blocking PUs for a long time while
increasing the successful probability of CCE. Finally, the performance in terms of rendezvous channel
quality, channel loading, and optimal radio allocation manner is evaluated for the proposed algorithms.

Chapter 1 introduces the concept of DSA and the importance of the CCE for DSA firstly. Then, the
advantages of the CH based CCE compared with other techniques and methods are described.
Moreover, the scope and contributions of this dissertation are summarized while presenting the
disadvantages of the conventional CH based algorithms.

Chapter 2 reviews some representative CH rendezvous algorithms firstly. Then, the pros and cons of
the conventional CH based algorithms as well as the motivation of our proposed algorithms are
presented.

Chapter 3 proposes the HRR algorithm. The HRR algorithm consists of the multi-radio based
rendezvous (MRR) algorithm and the single radio based rendezvous (SRR) algorithm. The MRR
algorithm and the SRR algorithm are utilized to generate CHSs for the SUs with multiple radios and the
SUs with single radio, respectively. Theoretical analysis and simulation results verify that CCE can be
guaranteed among the SUs in heterogeneous DSA networks within upper bounded time using the HRR

algorithm.
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Chapter 4 proposes the MEHRR algorithm to achieve full rendezvous diversity for the SUs in
heterogeneous DSA networks. Theoretical analysis and simulation results verify that CCE with full
rendezvous diversity can be guaranteed among the SUs in heterogeneous DSA networks within upper
bounded time using the MEHRR algorithm.

Chapter 5 evaluates the performance in terms of the rendezvous channel quality, the channel
loading, and the optimal radio allocation manner for the proposed HRR algorithm and the MEHRR
algorithm.

Finally, Chapter 6 concludes this dissertation while discussing the future work.
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A YT NEMRZ M L TR AL At o 2 U 2T TR EHE AT L OB

ARG EG D NA A2 71, AmBIROBEMEOWRKRO TR « IRFRICR )T 2
ETERVWEBERFEINCTHS. R, EmBIRNE ENTOWDLERNIZEBNTY T L4
A DPOBRHNI D FOREZ|D Z &1E, "M ' I8 D REERED —
Thbd. T TARMETIE, EERNICEIT DU T A LJIEICET DEXILFH LT
EERWEAA e v TEIROBRREEZ B L. RiC, BERZEE, WAL LW
HEREGEE IR D XA YE NEME L L, ¥ —7 v MR ZRHETIE L,
ARNIE & 7THE & 3 2 IRV NERERE I OB R 21T - 7.

91 RIS, Ao REENEE LD,

2 ETIX, A Y'Y NEMOERLFMICHOWTIRR. Frlg, A4 YvEY N
W NEBOFT-2MERTIEL LT, HITAXY T U —DAE ANk TiEOR %
ATz, ZOREE, BREMO BRI btz 5 2R/ NEMOERIZ KT LTz,
FIFETIE, XTFRRALELOFETHDHA T by OEIRW DO 1 72 1 E
FHEORBEZHE L. X2 b oid, MEFTO 7 = ) — VO bicHE kT b
TF vk +0.7Vvs. Ag/lAgCl (25252 Lotz Ax v by EREH L 7%
BoNY T LY b RABD Y AR B2 b OO0, BRI A LT A Y
NEEMRZ WD Z & TliE OMLEMMICHBRIENRE LD Z LB LN -T2, B
Wil L7 A v REPIRIVNEMZH WS Z & T, AF v by ey 7F Lo
BRI D e 10 72 I E & FERRK L 72
54 TN, BRICFINSOE LSV A bl rTREZeE R Bfs L, BXLET 74~
—Y P —DBREE T T2, XA YT REH~D DNA OWERSEZFRIF L, EiEmmRE
L7ZDNA 77X ~v—p3toh—L LTEWET D2 L2 R LT, 777 ~—DlFEE, 0K
L OAIER LSO S REHC bI 2 9 DEEMEE RO Z LD -oT-. BEBLO T vi—h
—IR BRIV TS DNA 7 72~ —DOREBIGIIR OGN, ENbEMIE—& LT
OESREIZ R 720 o7, LI~ T, HEORWEH—& LTOZEENE, A4 YvEL F&
DNA 7 75~ —0OA GO RBIR Th D L) Z &7,

HSETIE, SR INEROFT- BT E L LT, XA YTy ROZBNFEH L [4H—1 g
AYEL R UNEBROBIRE AT 12, 7 1 Lo & ORI L CERIREMO IO I 7
nALEESYE, vAZ L LUTHWE. feififxtEsy A vEY RORE, B~ RA7 OFRED
FlEEFTeZ LT, Hukgth & A Y FCTHENSHE SNZA A Y RS NERBO/ERLC
R LT=. ZOFET, EOTRLHENLATRETH D720, XA YT R NEMORLE 2 L
T RHEEEZD.

56 I, AMIOMREEL, SHOEELE LD,
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FBEDOEE

A 2 5298 = K 4 %I B
FSCERA Y . A P SR AR % it (17%) *E R
IR P JHE SR AR % it (L5 Fril
BEEF R FH IR Dr. sc. nat. FoT VA, F=x )L
B HE S AR % i (HERBRBERL ) TJE Fo
b (BT, B (L5 EIFFAERM O L Ar5E K T XA YEy NEREEE L

HERNAAL ARy T ﬁTt%%m%@EVZ?A®%%Jk\u6$#%%&éﬂ1w5
R RZ S DA, T v 7%, AMBROBMBCFRRD T « IBRICRNTZEDTER
WHEEZRFERTH 5. B, EMBERNE TN TV D ERNIC wf)?»&%A#o@m%_ﬂ
TOREZR D Z E1X ,A%ﬁﬁ///ﬁ B AKEEREO—-SOTHD. £ TR
EERWNIZBIT DU TAZ A LJE _%Té@ﬂk%%@?%%ﬁthKﬁ?/V/fﬁﬁ@%
REBREL, BENERE, AR I OVERBESEZ R D XA e NEmE gL Lz
— 7y NERWZRHETIE L, ERNRIEZ FTHE & T 2 SRR NEIERIE N OB R 21T - 72

B1ETIHE, AMEOEREBMNEE LD TND.

F2ETIE, ¥4 VT FEMOER LFHIZ OV TIRRTWD. R, ¥ A YTV ReRRBUN
BROF T2 ERTIEE LT, TTAFYyET Y — @A%%wtﬁﬁiﬁ@%%%ﬁofmé.%

OFER, EROESELEEINC G2 9 D #RNEBOERIZKRE LT\ D

HIETIE, XTF REALELO—FETHDHAFY b2 ORI DR A 72 1) & F 15 D BR%E
IZOWTIHARTND., AF T b o), 7=/ — VA OBILICHKT 2Ly 7% +07V
vs. Ag/AgCl IC5- 252 ZRAHB LTS, X% Fy v B LMEE O T Ly v b [E
RO T NE 5250, BBEILERZ i L7- 2 A Y& REmEZ WD 2 & CliE ORR{LEN

(AR WAL LD Z EEHOLNIILTWA. TORE, B L L= A Y& RERIRIINVE
W%%wé LT, XV RV ERY T U OEIRNOERA R IE 2 ER LTV 5.

%4 BT, BERALFEICEIL LW o b A2 llEx Big L, X7 74 ~—
U —OBEIToTND. XA YEY NRE~D DNA OWEBRG AR L, BMmERmII%E
L7ZDNA 77 ~—NerH—L LTEET LA EEZRAHL TS, HEBIO Ty —h—
NUBMIZEBWTE DNA 7 72~ —OWAEBGITIR N TWD D, Zib 0BTt h—E L
TOMREZ RTZ L3, HEMEORWE L —E LTOREEN, ¥4 YvEL KL DNAT 74
~— DAL RBERTHDLE V) ZEEHLMMI LTS,

55 ETIE, $RRIUNEMOF - AERTFEL LT, A4 VTS FOBRBRBEH L T4—L 54
YEL N M/NEMOBTREIT>TWA. 7B Lo XOFEMNZIGH L CERREMmMD S0 Iz 7
0 AEBEISHE, vAZELTHWTWS., i@tk y A vE O, BXO~27 D%
DO FNa%EHTe Z & T, fafgihE ¥ A ¥E 2 NTHEPBE SNTZZ A V'Y RERRIUNERO(ERLIZ
L TWD., ZOFETEOTREEL BELARETH D720, XA YT RvINEMORLE I L
FETHS.

B 6FETIL, R LORIER L NIAHRDBLEIZOWTRRITNSD.

VL BB 2512, AGRCTHE, HEEMLEmRCTH D XA Y REMOAERNGHI~Om@HICE LT
%@ﬁ@ﬁ%%ﬁbfkb,% EMEHMEY:, BRALF T OSBIZBWT, Tk, T EHFET
BHEZANDIR IR0,

X oT, KX oFEFE I L (IL%) OFNEZTLIERRHLLDOLED 5.
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Wideband Motion Control Utilizing Field Programmable Gate Array
(Field Programmable Gate Array # /o JAHkE— 3 o a fr—)L)

I T2 B3 C, BB IERFTE & A ELINE R 2 NI IR G X 5 2 HHE
ISR DHENL ST\ D, SELINERMEIZS AT AT I L > THIBEN D Z &35 5
NTWnWs, —F5T, VAT LHEZIRNT 57 4 VE ZE8ALIESEI2IE, HEE SO
MAEEIUC LV AT AOREEMET T HMENFET 5, 20 hb— KA 7% L,
AL TIEIN— R = TRHDO LA Y2 & THIERZH 21T 2 & T, MEEFEOM
il 2 U CHIEIR OIS H B LA FEBLRRE & 72 5 Z L # I BT LT,

%1 ETIE, AREOTRB I OHBIZOW CEEM I 22 2 Tl L7z,

%2 T, 2 BHERIERICE S v R MilER L E—varar br—Z
B DHFNCOW T L, fEMIC N~ R = TGP ROTH L Z L 2R LT,
IN—= R 2T RN K VEIERDOY T T XA DBEHETH 2L T, MR 20
flcEnZ 2O L, FIERDRFEEILAFIREICRD ZEZ2 LT, AT,
10 R D JE I Bk % 7] _E9 5 72 @D Field Programmable Gate Array (FPGA)% v 72/ ~—
R =7 OFEERS 2R Uz, AIESHIESWTHIERZREFT 52 10k, M5k
FEDOIHIZh R BT 5 2 ENFHEE 72D, HIEPERED M LS FTREICZ /2 5,

5% 3 I, WA DIERMED & 5 filE B O G F#HZ W TEgEm L2, E—
varvary he—L T, MEEOHIEAITS 2 & TS E I 2HlHMItEZ2 KB TE 5
ZEMFEIEENTWD, £ 2T, FPGA Z W T & WP RE 2 fefs: Lo,
F7o, IEESBMEORGHINHGFERAER T2 LT, EEtEE2ET5E— 3
b= VAT LAORSERE LTz, MZ T, HERTH O EE»DHES 2200
\ZBRET D 72O OHIFRAERIZ DWW TRRET Lo, 1ERDE SHEEHMEIZIE, B o5
AL FTRE 7R & HMEZREHE AL L CIEAE L TV 72D, TS 78 B W il s R AR ek
FHCBIT D X2 A7 5EIJiEt 2 RE Lz, RFEICLD, SR TRMEEESZHS 2 &
NAREIC 72 D72, HlER ORI NG T 5,

5 4 BT, FPGA ICFELET DHIHZRORK G LU FPGA & IUHEIHERIZ L - THEK
SND VAT AEEROEF ATV, IR OEED FIEIZOWTEH Lz, filigs 3
WZH=0, HEY Y —ZAEBHIEO 7= OfilEER O LI X O BRI 2 ERE IR OREHT
B DOWTHR 72, F72, FPGA & PLAFHEMEOBEITEE T 5B OREHT OV TR
WL, B LV AT AL, HE) VY —2AEBEB L OHEENEOEZ1T -1,
FIEINT VAT AMIMEIEEE ) CTEMET 5 2 E R S L,

BSETIE, RBELEHEZIEOAZMR L OREHEDO R Y2 RT3 720, FEEBRIZKD
P AT o 72, HIEROMERE, M, IRRMEOMERIZERZ Y TR EREZITY, ERR
TEENOEE LIV AT AOMRETHl 21T - 7-, FEBRZWU T, Kin L CTHRETHILH
WE—arary ha— LOEMEEHER LT,

56 ETIE, AMREOMEZENL, fme & bICBEEZRT,
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FBEDOEE

WEE %5299 = K 4 A K

amCEAHEE . A BB R FH IR it (T B RR

Rl A BB R FH IR it (15 I

BERBOCANEH R it (T9) PNLITA

BEEFR R P it (%) [

b (15, B+ (15) BA RKEFEEH O35 Km SC % [ Wideband Motion Control
Utilizing Field Programmable Gate Array| (Field Programmable Gate Array % i\ 72 Ik
FT—vararhbo—) EEL, 6 ENOHERINLTWS. fHlill THSEIZBWT,
HAREEIE R & AN ELINERAE 2 NAIZERE T 5 2 E S AlRE R 2 B H S 3 e N S
NTWD. AELIERHEIZ Y AT AT LS THIRS D Z E N H ATV B3,
VAT LB EIRT DT 4 VE EZEAT LR, HIEE S OMAHENIZ LD AT A
DZEEMETTHZENRMEE o TV, Rigslx, ZofEICx L, &Rz
FEFTHN— R 2T ETEDTRARZITO 2 & T, HE 2K L7 A iris el
W AT LOEENAREIZ/RAZ EZHLNZL TV,

01 ETHE, RO RE BNZRS, 18RO ZMH L T\ 5.

F2 T, 2 HHERMEICES<E—Yarary br— Ly AT AIHONWT, HE
NV AT DZHZ DI HOWTORL, #llROIFEICH > T T 7 F
A LDBMENIRHTHLZEEHLMNIZLTWS., o7V 7 X2 A LD D
7o, AR TR FTRET /3 A A CTd % Field Programmable Gate Array (FPGA) % ££ ]
L, BEEEAERIEICOWTRIBL TS, B2, ~— Ry = 7RI L 2 EEEEIC
b1z, ZRATOT—HDOWIULEEZE LG FIREZ R L TV 5.

% 3 BETIE, FPGA ZHWTEWR AR MEAZG T A IEEHIEZHZB T 57200
F—varyary hba— L AT ADOERIEIZHODWWTRLTWS, F—v a2 b
2—/LIZEBWT, BEx el TR SN D X A7 ZEBT 5720121, HERO
ZRREEIEER T TERT D Z ENAAARTHSD. w41 F—/L—7IZ FPGA % H
77 7 40— Ry JHIfEH 2R LoD, AV ¥y ——7IZBWCIHEELSZ H
W S IR A RS EE 2 ARk 35 Z & C, R O IR b & Felik7p 2 A 7 ZHLO W T
BT D2 EITRBIL TV 5.

H 4 BETIE, HER CIERMESE S A D Z & A AEREICT D72 D FPGA O FEHEE,
FPGA & PFLABEEIRROBEIRORFHEIZOW TR L TWS. S b2l ge/ 2 A &
BHMETR B O W TH A7 5Bl 2R E L, BARMAREH FIELZ RT3 L LB,
AU V=R 5 NNHEEE N OBLE D GRHEEZTIT> TV 5.

%5 ECIE, FELHIESSOA MR XOBGHED 242 T 720, FEhRic X
DHAMIZOWNWTRLTWS., BREREE OBMA S X X7 2 n Ry MIFEITSHE, K
LTCRRETDHIEFIRE—aryary e —LOAEMEZHRE L TWD.

FOETIE, FETCELNIELE LD, KX KOMEiwmERXTWND.

PLEBES 2T, R X TIEHHIER & N— R = 7 OFARFHT L IKFileT—
varvarybhun—LOFEEERTE LI, FRERCHIC T TR & ERO
MIGMNEZDEMEEFIEL THB Y, #ilfll TEoiricksne, Tk, TEEHFGT
LHEZANLIR . Lo T, Kl oFEH I L (1% OF &2z 28N
HHLDLERD S,
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Construction of Organ-scale Vascular Networks Using a Decellularized Liver
by Regulating Mechanical and Chemical Factors
(AR AR 2 N TR Y+ AL 22 IR 7 D R 1 K 2 g 2 r — L iU Ml O R 5T

R —HgO R LY, RKEOHEEBEE~OBMZ B E LT3 4 N TAHSOREEEH 1A
FESNUCND.  ITFEOMIRE T AT 2R E T, Tlesh DA% a4 2 I bR 2
WD Z S K0 AERIMNZBW TR RO AASEET 5 Z EATRRIZ R > TE 2. L,
JHERE LB B4 2 PO CREEE U 7o/ S, WSROI E OB ERTH D72, BA%IC
JEERPNES CIARAME U T LE D, 20728, RN TOEMIHERRIREECH Y, BhErTRE AT
TROREFU IR L LCTHECTH D, Liznd>C, B EFIBPNERI T, R 7Hs 5 B
BITED F CORENAMAEREZAEEET 2 Z L1, B TRE g A ST 5 L Clid CEE T
5. B IR IO TR 2 F2E U 7iFE i IR A eSS, RN DI
BN DA A OREEE TR IR SILTU VRV, Z 2 CAGRSCTIY, My - (LR 1o
AT Z 2k, Mo B oMb ARET 5 2 LT, BE 2 A9 DRSO mAEE
RS D EAANE L.

551 BT, ASRSCOMES 53 LU HBIZ DN TR~ Tz,

B2 ETIE, DU CAFENIZ R 5 B ORZECOWCREl Lz, AT T, Mtz AR
e LT AWIS ) AL a—T ¢ 778, BN 249 2 BB E Ok & ifEd
% LA A S CCHEBR A T 72, TORE, BIEEEB L0 ¢ 7' 37 T2 X 2 G b
D a—7 4 7 HATH Z & T, FiAVEALR LW ERESIE L i UC, BRI O B
IBESND Z AR LT, 202 ennb, B - (LFRIRHIERIMNI W TRl B 2
R AAE L, BEmia VAR Z3 0 2 BHIMAE O AR T DREI 2T 5 Z L300
7-.

H3ETIL, ~A 7 aithT v 7= O ClEYE 287 5 Bl EEO RS 2 fet L7z,
MEWEETERRT D Z &1, g0 X 5 i/ mhif i a8l 5 L CEECh D, AFET
1%, b MEESHIRIAT PRSI (HUVEC) &b MEEEREI (MSC) OIEEE41TH 2 & T,
ARG D 7 VINERIZ B TSI A 2 AT 2 BHIMENEOI R 2583 5 Z LIS Lz,
|2, HUVEC & MSC O#fiffatt, 36X OV HITEIRT 2 A LFIRF- O AR,  mAEWE
EHT HMEREOIR RN ST Z L 2/R LT

4TI, B - AR OB 1T O Z SIS XD, HERERYZR A HEOREEEA Y, 1
B UT- AR L A PUmARTEOMSRER M 24T~ 72, T OREE, DU LTI 381 2 A P RGHE
faD#ESRAZ N ESEH 2 EI2LY, /IMROIENIHRISNG Z LAVRENTZ. ZORRI,
AP I THEEE L 7= R puifetE 2 A3 5 Z L 2R L 0D, LLEORERMN D, AHf%E
T LT AHAR P A IR rTRE 72 AR O ) TR AR I AR 5 Z L v T
HH0 MRS,

555 WO, ARSIOMIERERZERI L, SHOEEIZOWN TR,
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FBEDOEE

wEES 555300 = K 4 PR JEST
ROCEAYE . EH BEESC AR UESGE  E (19) g 5
Bl BHERBRFUESTE W (159 HA  BIA
BESS B UEST i (FHE ) B EOBLR

BB e (T9), it (BEY)  &MW Fih

T (L), Bt (%) ERESCERZEOFAEE K 3C1E [Construction of Organ-scale Vascular
Networks Using a Decellularized Liver by Regulating Mechanical and Chemical Factors | (At bl 2
PO TR - ALFRIRF OFIENC X Dl 2 7 — Vil B M OREE) L, SENOHER ST
W5,

R —HRORNRIC LY, REOFREEE ~OBMEEZ AR & LTc o A N LATIR OGN 57
SITWD . IEFEOMF LFITB T IR TIE, il bHIIE D 2 % Brs 3 2 s it 2 F
T5 2 ST KD AN TITIR IR DM 2 ST 5 2 LA A[BEIC /> T& 7. LavL, Wik
R AV B A & FH O TRESE U 72 /8RR, PN & M8 ORISR 522 Th 5 7= OBtk O B 72
HEFF D NEECTH D, BEEERIZRITIR ORI ITKIRE L THEBLS TV, LR ->T, KENSH
EMMEIZE D ETOHUMEMEEZ A3 DHEREM 2 BN 25T 5 2 & 1%, B rTRE 72 T 2 A 48
759D TEETHSD. FHIPMRCIFIRIZ I T 2 B MILE OEFIEIIML STV
VY. ZCARMGRIE, BEEAY - (LRI 2T 5 2 & T, BRI LTI I TR ILE 2 A
T Ol A=V OMEMEEIET 5 L2 HNE LTNDS.

1 ETIE, ARXOMIEE B L OHIIC OV TRANTNS.

552 BECIE, DA EATIRIC 3617 2 B O FIEIC OV TR LTS, RETITARS
BB RDUERMAZZZIC LT, el L dAWIS I E 7 T ax s F AL ba—T7 v
7h, BRI 2 AT BB R IMEEOIRAZHET 2 LA AL T TEREZIT>TND. 20
R, BIEEBB L7 4 T a R Froa—7 4 0 7 O/MBEDEDR, BMIME O A BEC
ESELZEEZRAH LTS, 202 &0 6, BAREAFRIZ IV T O - (LFRIR D
il K> TEMIME DR NFEIND Z L 2P BN LTINS,

HIETIE, v A7 miikTF v 72 HWTEMILEMOMESRIELRET L TWD. IEVEEZE
TS Z L iE, R EFIRE AT 50 X CEETHS. 2T, B MEANEMEE B K
MR DO IR 21T 5 2 &I L0, RS FaZLNBICB W CTEEEZ 6T 5%E
MIILAE R OTERRZFHE L T\ D, KIS, B Miio=s, & I UELFAN2RRF OREARL),
MENEEZETHMEMOIKICEETHLZ EE2RLTWND.

B4 FECIE, BEIREY - (LFRIRFORRENIC K 0, BRI Z 7o B RER 20 1 AE HE O RS A
D, REEE L MUAE IS K DB ARt OBERERH M AT > T\ 5. ZORER, Bl LIFEIC T
MENEMROWERZ M LS5 LIk, m/MoLERIHH SN, Z & 2Rm L Tn5d. L
FEOFERN D, ARWFE TR LI AHRR TR FIES B r e R IR ORESLI mF TR FIE L 72
HTEHERLTWNAS.

5 ETIE, fme LTHEEONAZE LD TR ZEN L, SBRDOBREIZHONVTHERTH
5.

UL EEE 212, AWF7EIEb A b 2 F O THEREAY 72 /B 8 2 8559 5 5 2 THEIRAY - (b5 HY
KFa2BETLZEOEENELZRL, ZNULORFOERMEHREFTEZITH Z LI XV etttz A4
%, KILE DS EBMMEIZE D E TOlfER A 7y — LV OMEMEE AR THRETE L2 2N
LTEY, =ik Lok nT, Lk TERFGTLEZARDRR0n. XoT,
Kim X OFEF I L (L% OFE2Z T8N HLLDERD L.
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NAEDHES

WEE S 555301 & K 4 EA TR VN

P - FRREEBEA ST 5 5 UHEPO R /o A DR & KA

Aw— R 7 DO RSToT HEIM ORI, ZORARELZ DRy T =728 T,
(RIER D KMERYERDRD VTS, ZIUTHHRT L, ITHE, /LT3 7 77173 (MCF:
Multicore fiber) % AV =225 B BARDEELAT AN B 28D TCD. MCF 23V AT ATEAL
TV 7201213, MCF [RIEE, MCF &Stk 1 & 220 5, B/t A A
DEBPVEARFRKTH D, TNEERTH ETIE, BEEANCLD 7 7 A ER TR LT,
RBEABEDNER O 2 BRI CHERF T DN D D, — 5, 1ERDIEHET /A AR D8
FEEE, BERAIC, DIl D & ZANKEL, FRIBEERIOMY INETE K O ORFEZTAZD
UWNTHREIDES BN, & 2 CAGRSUIATRU NG A 1 = XL EfRT L, & O F RIS
< EAEHH - R EEE T L 0, IR T S A &G JEET A 2 L2 B LTz,

F1ETE, Ao ERE LT, X7 7 A S OME L Sex v b U —27 Ofhm R OY
PAGi~OERFE AR L, RGO B EE~DT 7 a—F ER LT,

B2 BT, ARSUTIR D a7 ZOEkBI 2R L C\D. £z, MEREFBEE Ch o HEHE
P& FHHGEREIZ OV, ZOEREBETRE/RT L LI, EERIMEEECS % o8 %
TRARTUND,

%5 3 T, Physical-contact (PC) A7 ZITEFER L, [FtaRy ZITBITAE55RI0E
HU IV A J1 = X B DFEF7 2T OV Tl R TUN D, ARFEIZIUWNT, R 2 2 2B
7 V=7 EE TR UTRER, PCRYC Ry 2R+ 7Gfitca A4 52 L &#95ELT-.

54 ETIL, 3 BEOMNTEIIIESR, BUELCEMEYE TR ZIZOW TR 5. 82574
DBV L BYUSCER L, #ESET T A7 2 — LA EBAT5H T LT, 2600°C DY 7 a—%4%
ThH, PRI 03dB LA, ShhEEEa: 45 dB U LD BRI/t Rt 2 a3 26 a %7 2 % 35E
L.

5 = ClE, PCHIMCF Atk 7 Z OFGHI DWW TR TS, B OMIEIZE S 27
H SR O INETAZONT, SEEEROETE b IR U7 ATRESRTIC L v EBk+25 2 L T,
MCF itz % @ PC Hidt 2 W L7=. F£7-, MCF [EAOMETH HHliE] » DRk
DEAIREICT D HHE 2B AL, 7 27 MCF flYtax7 # 23 fELT-fEE, £ CTha 7 TPC
Pee e FHLL, 02dB LU DRAFRBEHEAIMGF O D Z & afEd LTz,

%6 T TIX, MCF BT " AD—>Th 5, fan-in/fanout (FIFO) #BiHDe%ET, FEREM
OZEDISFIZOWTIRR TS, 5 BETHAT L= RNz, BEEFEEC LD/ 7 7 AN
DEEIERN AL, WHT 252 & T, fixd MCF I[SEET 5 EMEE R FUFO HihA2 3311
2. IBITNHE LT, 72—F— KMCF H FUFO ¥t e ONMCF k< o —/ 3 FIFO #hih %
at  BUEL, BRI A ISGIET D & L BIS, EV AT A EER LT,

F1EIMGRTHY, HBONIRREERIET D & &b, ABROEEIIONTE LD TND.

PIED X DT, AGasCUIEtERe 7t 2 3589 2 1= O OEEHH - misE /e Bas IS 2R
FRNTGHETERY, [y MU =28 T AR T S A &G, SFREL T 5.
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FBEDOEE

et 55301 7 K 4 FEFE] JEX
amCEAHEE . A e YN S T /N R

Bl BB R FH IR it (15 HE e

BEEF R P it (1) WA fEE

BERBRTFMEIR T +L TR SR

b (L5, &k (L% BRYERERMOPAGEERm T TEEH - sl EEEIECL D
WAL BERE T A ADFRFFE KL L, TEIVHFERINL TN,

A — 7 4 DK 10T HITOERI, L, EOWRARE XX LRy T —T7IZBW TRk
REOKMBRILRBP RO BN TWD., ZHUCxHsT <<, T4, Multicore fiber (MCF) % Fu 7222
M E L BREFRTNERZED TS, MCF 2FEL X T AZEA L TV 72D121E, MCF [+
X%, MCF &NFHET L 2R 28 T- o T " ADFEBENMERARTHDH. =
NEFEBLT D BT, BERICKD T 7 A NEEAZIEARE LT, BEEEDOMERD % &EFEICHE
FFT2a0BERSD. —J, 1RO T A AR 288 ZEITRBAIC ) vTic kb &2
ANKE L, FRITHAER OB NETE KM E ORFEETIT OV TRAMOE 3L\, & 2 TARIFIEIT
AL NETE A 1 = X L Z AT L, oIS < @EH - i E s I2Elc ky, kil
BT A ZAEKF L, TOREFFRT HZ L2 HE L TWD.

B E T, AFEOERE LT, K7 7 A RN OME L ey N U — 7 O Kk OYEHE
FE~OERFEZ R L, AFFEOBEHEFE~OT T o —F 2R L TND.

52 BT, RWFIE TS a7 X OPEkERZ7R L TWa. £7-, MEREFRIETH DR
R REIZOWT, TOEREREERZRT L &I, EERDEHEMEICE 2 5 R LR~
TWA5.

%5 3 B TlX, Physical contact (PC) At axs ZIZEB L, RYtaxs ZIZBT H8EKOREY
PNEETE A 7 = R B DOFERMIR AT IC DWW TR TN D REIZE W T, KRz RIcEH 2 U
— 7B EE TR LR, PCRYC a7 X RN+ GfEE 2B 952 2 EEL TV 5.

FATETIE, 3EOMNT 2 EBITRE, RMELZEMEVEa 27 XIZoW TR TS, #EAID
B L BYSICER U, b T T A7 2 — VB EATAHZ LT, 260°C DY 70 —4%KThH,
it 0.3 dB LA T, SO 845 dB UL LD BAF R PR A AT o0t ax 7 Z 2 FEFEL T\ 5.
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Thesis Abstract
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‘KOU” No0.5302 Name WANG, Jian

Number

Thesis Title
Development of Flexible Sensors Inspired by Bionic Structures and Application to Physical
Activity Monitoring

Due to changes in lifestyles associated with aging of the population, the human health status is
receiving increasing attention. Flexible sensors enable monitoring and recording of physiological
signals of the human body in real-time, which plays an important role in predicting the occurrence
of diseases and helping diagnosis. This work makes use of the unique advantages of the bionic
structure to prepare a variety of flexible sensor devices based on the special bionic structure with a
simple process and excellent comprehensive response performance. Furthermore, the electrical and
mechanical properties of these sensors and their applications to human health monitoring and
human machine interaction are further studied.

Chapter 1 introduces the background of this research.

Chapter 2 describes the fabrication of a flexible sensor based on a bionic fish-scale substrate and
graphene/PEDOT:PSS composite conductive layers. A PDMS film was formed directly at the
air/water interface by using the diffusion and floating effect of PDMS on the surface of water. A
highly sensitive pressure sensor was prepared by transferring a transparent graphene/PEDOT:PSS
composite conductive film to the surface of a bionic fish scale substrate, and its various applications
were analyzed.

Chapter 3 describes a capacitive sensor with a wide pressure response range and excellent
sensitivity. A biomimetic Komochi Konbu dielectric layer structure was prepared using a
water-soluble template, and it was combined with a conductive flexible film consisting of Cu/Ni
nanofibers to prepare a high-performance sensor. The performance of the sensor was tested and its
applications in human activity monitoring and human machine interaction were studied.

Chapter 4 introduces a graphene-based pressure and stretch sensor with a biomimetic nacre
multilayered structure prepared by a solvent-free strategy. This sensor not only exhibited a wide
pressure response range but also had excellent stretch response performance. Compared to the
fabrication of most previously reported graphene-based sensors, the current approach does not
require any organic solvents and therefore, represents a highly environmentally friendly solution.
The performance of the sensor was further tested, and the application of the sensor in the detection
of subtle movements of the human body, speech recognition, and handwriting recognition was
proved.

Chapter 5 summarizes the research results of this thesis and provides the future prospect of

flexible sensors.
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Thesis Title
Design of a Retrofitted Pilot-controlled System to Conduct Flight-deck Interval
Management

This thesis explores Flight-deck Interval Management (FIM), an airborne self-spacing technology to
ensure the safe and efficient operation of aircraft in highly utilized airspace by speed control. Leading
research on FIM was conducted by the National Aeronautics and Space Administration (NASA), who
proposed the current control logic ASTAR, and designed the dedicated avionics for FIM. However,
industry demand and the wish to demonstrate the technology earlier called for a paradigm change from
a fully automated, to a retrofitted, pilot-controlled system. In early 2017, NASA concluded their research
on FIM with a flight test that revealed that the current control logic issues too many speed commands,
and thereby causes too much workload for the pilots. Therefore, it was recommended to explore
alternative control logics to achieve operational implementation.

The aim and originality of this thesis is in the proposal, optimization, and testing of a new, easy-to-
integrate control logic, called IM-SP, that uses an original two-staged rule-based speed plan
modification concept, which employs performance and pilot workload related decision factors. Focus
was given on the reduction of speed commands and other findings made by NASA during their test.
Optimization was achieved using evolutionary algorithms, and a flight simulator evaluation, involving
airline and test pilots, was conducted. It is envisioned that the results of this thesis will provide the FIM
research community with tools and ideas to bring FIM toward operational implementation, so that the
time and performance goals of global and national airspace improvement initiatives are met.

Chapter 1 introduces the current research matter, motivation for the topic, and the thesis structure.

Chapter 2 explains the concepts and history of FIM in further detail and gives a description of the
ASTAR control logic along an in-depth analysis of the issues found in the ATD-1 flight test. Further,
other models and concepts important to this thesis are presented.

Chapter 3 shows the research results of multiple feasibility studies using large-scale Monte Carlo
simulations of aircraft using ASTAR based FIM on arrivals in Tokyo International Airport. These
simulations were used to investigate the spacing performance and speed control behavior of ASTAR
and to ensure arrival route compatibility under local environmental conditions.

Chapter 4 introduces the IM-SP concept and describes its design principles and two-staged
selection-algorithm. Two benchmark studies are shown, comparing the performance of ASTAR to IM-
SP.

Chapter 5 describes an optimization study of IM-SP, using Particle Swarm Optimization to improve
the selection logic for an improved spacing performance, user friendliness and ecology. Two distinctive
results, a spacing performance optimal, and a fuel performance improved solution, are shown in detail.

Chapter 6 presents the setup and results of the flight simulator evaluation in which airline and
certified test pilots evaluated FIM, ASTAR and IM-SP in an Airbus A320 flight simulator, recreating the
ATD-1 flight test environment. Pilots’ comments are provided and further observations are presented

Chapter 7 concludes this paper with a summary of the research achievements and an outlook on
future research tasks, including potential enhancements for FIM.
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