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Height (km)

Dst (nT)

Time (UT-LT-9)

X4 2015%F 3 B 17 BICRAEL EXEHESKAE St Patrick’s Day 1 N2 b D#F#HI [5].
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WO WHRD /) 4 XKk E AT Do G MR Without the target With the tget
DREEES i1 Rice 0AGICHE) T e HHRIME LT
Gz, )"A Xz w7 7a—F 20 Ahb %
ELTHEZLIMBBEAOGZEZRAL L EDIZ, L 2 ZELOYIY =452 ADY—42 AR
AR LIRS MRLIC X 2 BbEEEHIEZ >0 r o BMEDZEE
FEBTLTFETH S,

[1] H. Ueda, Y. Ito, T. Oida, Y. Taniguchi, and T. Kobayashi, “Detection of tiny oscillatory magnetic
fields using low-field MRI: A combined phantom and simulation study”, J. Magn. Reson., Vol. 319,
106828, 2020.

Pulse sequence diagram
90° pulse

Spin—lock pulse

(c) spin-lock pulse
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BHMI¥HEE SWORIFSE
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(A2 N—2OXRBLFEICEDCRE R P2P I IV —{5iX]

1 AWK X 9 %8 J5meo DC-DC a2 v /38— %1%, PWM Z#H (Pulse Width Modulation) (2352
WT2MHDAAL v F2MHHICERICAVYIDTLZ LT, HREFEOAE, BMELZREZEHT 5.
PWMZMOT 2 —7 4 taZ PWMEM XD HorRVEERIGZ £ 12X > TR E, 2R —1MH
OB ATk TR I NS,

[ vy (k) :| _ |: 1/olk) 0 :| |: va (k) ] (1)

i1 (k) 0 alk) || k)
L, RmOBMMERZEEF UREZRLTBY, K LD U TEEMILE L S & AL T4
ZRLTWAS. D SICR GaN R EDEHT INA ZDFEREIE, PWM B WA LAY, KELE
JEfR & LTORMD EHL L TE T 5.

ZOEHE, TAVF—mEOHHEZRBWIC LT3 N—=FTHDD, BERILANT—{5%k
WCIEEPVLETH L. Bz, IHRHO L HIICR=DPLIZT TS VEliEBRE2O%E, RK—12
OEEEZ 1 HED 72546, R— M1 OBESEIR I ARKO X H I 2MHEETS. 2F 0, X (1)
R, BEERGO LI Z 5205, ERICEENEZEDLT 2 —T 4 a X 2MWAEL, ZEICH
fESEA720D121E, W a ORIBYLIREL ZET LLENDH 5.

P2P (Peer-to-Peer) T ANF—(Rikd%k) FEZUTFRIVBOATr—VTHEIL LS TRV F—
DZAT) HETH LD, ZORELEY) T ELZTTFENFNO KRB REEZEZ 2 20 % 5%
W, K2 I3HER Y A X7 AR KRBT AEBROMNE u ITIEO I KRIMBEEEFEBL, ERICIDZOR
VEZERL7-DDOTHA[1]. TDEH % DC-DC Ay NN—F DI 2 F— FEEKE LTORIEMN %
BV IE— M AR 525, MEEICEHTAZ L TEOMENRZTETEY, L) —BoIEHE 2
R— MR FEOE L ZHIEL T 5
2ZXk [1] K. Yamamoto, T. Hisakado, M. Islam, and O. Wada “Global stabilization for nonlinear

two-port characteristics of bidirectional DC/DC converter and its application to peer-to-peer energy
transfer,” NOLTA IEICE, vol. 14, no. 3, pp.292-307, 2023.
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Q1 | ‘
Two-port )

C1 Qf<1-a CZ Circuit

—_—
c- * o —LO— —0 > iy

1 W7HME DC-DC a2 /N\N—Z EXBRI L4, 1 EO 2 RABMESRICHIET % 2@D 1 RS ES,

iy l2

"y = Vsl

Lossless B =8T0Y

] o 110 3 3
a(0)
v(1)
0.8 +a* 1
0.8 = {2 <
0 ~ 100 F S
- _f 0.4 ;S' T ™ o 1 &
:;; 0.2 (- "2
— 0y
0 90 : i : o
i ( 100 200 300 400 500
05 \’ 05 ,
06 08 1 X o 0 it Time / ms

2 BROMNEYICE I KEREDERS & P2P I ILF —{RXDKERSH
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BETYETIYEE TRAETYHIZSTE (TRHRE)
http://qip.kuee.kyoto-u.ac.jp/index.html
[t R EE RS DBEEE TCHOEFTHRIEIREG ISR

ST HWEIRE (OCT) &, B THROMEHEZ A A=YV 7 T5Z LR TELEMT, EEIDS
T CIRIL S o nTuwE 3, BARMICIE, MR &S F ST MO ZEHM & L C2adIE &
LTwEd, 72, MRt bEORBABA~OLH LED LN TBY ., BB ADBK & E~OME b
HEDSNTWE T, OCT DFESHMEEIL. HV B HFEOFHOBRICHAL 5, Lzd-T, £
R E VIR, SRR EMES®LIENTET T, LAL, OCT 2. oo
WX DRSS GREPETTLLVIBEEH Y £, 20720, WENRITHEDD 5 W6, wikz ik
T XD EREDNHILLIAD 720, WESFRDOPHDOKRE & THEWRE R RS E > T LT W
T3, COMHIZKY MKMW OCT TlE, RSOHREN S ~ 10um ICHIBRE N TE T L7,

T HRRERG (&7 OCT) &, OCT O®m-iie WA AHM T3 25, HaESHRORELY 2T
BVEVWIRERFERESH Y T3, BT OCT k. HEHTOONE -6 Tx o 2 68T TS
AT A LT BEEESL BB O 5D OBEIWHMICF Y VeV ENL LD, A
WERTWEZENZ RS EEEZEDLIENTEET, LAL, ThETEFOCT T A=Y
T ERFEHLZE T, RS AMREEOREMEIZ. 6um FETL,

Al fh2HiE. b ORI R 2 R L A 2 & Ty AW 2 F 0 RIS D AOLTE & B,
RS E 2 D, 22um DPREETOET OCT A A=V Y IR LE L LT, SO A=Y
TAERAS, O (ZnSe) WX o TIRIFWELZT LW ERFEIEL T L7

M1 (a) ICAREBRTHW Y T7VERLET, 7V A7y TR L7229 A FEMRUC
ThVIERELZDDZHWE L7,
1(h)-() A A A=V Y FRERIIHD T (g

1) & (0 R, B OCT TE Al yom

L7ARede M1 (b) (&, S HoE s i0, T j1mm

ROVHAT, A7y THEENIE - 5D & T e g

RTHNnET, — KT K1()iE, Imm (b)) o () o

JED ZnSe & W E & LCTH ¥ 7 VAl T \ w E ”

CRE LA T, SROBEILY. E .

SIRBEDE LT LTWD L5 Hh s w I y

D, M1 E () . ®FocT &7 N . & .

THE L7 R T K 1(d) 125 e R :

Bewipa, M1(e) 30HBEE»H 5% @ )

BTTH, EHLOHALRAT THEE ¢ |

Bido &) LHERTEET, EpS, M 8 saasll I .

FOCT O S AR & FFM L2k, 5 |

SEBEAS R OHA T, 22um. HBY 49 1I0RE

%f&lumc‘:ﬁ&f%"é'ftbfv‘&‘/‘:k 0 5 10 15 , 0 S

ﬁié}z)‘ V) i Lf:o Transverse distance [m] Transverse distance [mm]| d
KWgEIE. CHE Q-LEAP O S % 1. TR

ZTiibE Lz,
2Z Xk - K. Hayama, B. Cao, R. Okamoto, S. Suezawa, M. Okano and S. Takeuchi, “High-depth-

resolution imaging of dispersive samples using quantum optical coherence tomography” Optics
Letters, 47, 4949 (2022).
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BEFYMHIFEE FEAYMIZFSF (KEHREE)
http://semicon.kuee.kyoto-u.ac.jp/
(BRI 7’ O0& X (C& B SiC MOSFET D44 m k|

SiC RALEER) 1 ZE VIR BEEENR 24 3 5 IR 55 IR P84T, FMEED Si/ vy —7 31 2 &
W§ % L@ERO L HPT FEEICER) %28 1/500 IR EE T3, SiC 287 — MOSFET O
DWEB SN, A R BEERG TE A ENFEILE SN T ETH, TOHREIL SICHEPET L KT~
Ty v (SiC EA ORI LHRZEFLLH>TwE T, FEIC. s KE SHAERMA 2287 b
DR E\600, 1200 V #% SiC MOSFET Tix. MOS F ¥ £ VE 5 o bih et Yool Lz 5o
TWwEJ, L72A> T, SiC MOS #mdstkonm Eix, SiC 287 — MOSFET o &R k. 2 2 ML,
B ED L ETREFEELREE 2> TWET (1],

SiC MOSFET #1893 2, HEkix. Si & FARIC SIC 2 EHAFRILT 5 2 &1 & ) K Si0g K2
L TEFE L, LeL%dn, SiC 22 b3 4 & R Ik FRRO KBRS, Z LAY
BFHEHICL o TRBINTVWET, 22T AWFRECTIEEMILT 2 2 & % < SiC DEIMIZ SiO2
AT 2 7t X (BILHH 7ot ) 2EZE L. BRILE /SiC FafEtk2 Kigicm 3562 212
B LEL[23le K1ICHRET ST aLA (He-CVD-NO) TR L 2-ER{LIEE /SiC Fiii o K &
nF ¥ #0V MOSFET $#MEh 64572 F ¥ A VBEED p BIAR 71 HIEO T 7 & 7 5 BEKAEZ R L £
T[4l k7T E X (0x-NO) &HRTHERMEEZEZE MM TE, Fy A VBEEON E 4 E
ETETWET, ¥, FEMiD /X7 — MOSFET & LTHZE % b L »F MOSFET THREF ¥ VAT
HENDb (11200 (ATE). (1100) (M) ECTk@EEE F—=78h7zpMKRF 4 ETH 110 ~ 140
cm”/Vs E VI BVWBEIEZHEL SR LE Lz, ABBEIIIER 70 A TIE# L 72 MOSFET
WCHARTI0/EDLETH ), LG5 [204E5) 0% ] EEbhTnEd,

S 512, TEA 100 nm ORI X &2 AT 57 4 B MOSFET I2BWTH 270 cm¥/ Vs &9
SBEELER TSI EICORII L. ToFME AV CIEE 1080 V. 4 Y#PT07 m Q cm? &\ 9
MESHREOEREEZHLZLICHEI LT FET[5l, DX H I, SiC MOSFET 1349 20 4F o 454
Wzt FMICD TEMICHHREZ R TR0 & 2o TnE T, i, SiC MOSFET (3%
SHEHBHEOE— B A N = R AL ERICHE RSN THGR2HIIRLTEY., EitokE
3. SIC OIS LB AL MET Lo LRI TVE T,

[1] T. Kimoto et al, Appl. Phys. Express, 13, 120101 (2020). [2] T. Kobayashi et al, Appl. Phys.
Express, 13, 091003 (2020).

[3] K. Tachiki et al, Appl. Phys. Express, 14, 031001 (2021). [4] K. Tachiki et al, Appl. Phys. Express,
15, 071001 (2022).

[5] F. Udrea et al, Proc. IEEE 34th Int. Symp. on Power Semiconductor Devices & ICs (ISPSD
2022) (Vancouver, 2022), 2-1.

typical p-body doping

R SiC MOSFET  in power MOSFETs
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o o Tl AsOx | q . ..... A
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. - .1 E1o0f .

= 3 > _

2 = ™ (1100), H,-cVD-NO
2 40ML Ox-NO _ o (0001), H,-CVD-NO

?) E E E 50 I~ ‘. 2

g F {1 3 p--g e

5 i 4 = ~O. =

i [ ] 8 0001), Ox-NOC=-05 @

@ . H,-CVD-NO 8 (0001), Ox- OO0,

g 1010 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I O 0 “ 15 : “H“‘ 16 : “H“I 17' EE— 1é

g - 02 03 04 05 - 10 00 10

k= ' ) ) ’ Doping Density of p-Body (cm'3)

Energy, E; — E; (eV)

X1 #BFE7OtX (H-CVD-NO) THEH LU /-ER{LIE /SiC REIDRMEHEE & n F+ xJL MOSFET 4514 H 5
BEFvIIBBEDpBRT (B8R 7 7t 7 4B EKEY
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BEFYMIFEE SFMHIEIZESE
https://piezo.kuee.kyoto-u.ac.jp/
Z7ObRT 2N ERFORAICBERL ZKPF2HDOAHRIE

5 RS TORMIBIET K, bW LK. & ¥ 237 BOWNEBIAAET % K51 & Fkk
2 F YRS T BT OEREEOMRE 20 OB EIEBNICEE 2 &EH2 2L Tnwb, bhivbh
ABASE U 72 R B R - RO s (FM-AFM) &, RN & R O ABBRBETICBIF 5 7 o5y
BOMEEEDMETA A=V VI THIENTE, 5127 VS HRELEEED 3 RITZEM D )15
RS 5 2 & TAAMEE 2 S WAL TE 5. Sl HEIRHIC B 3 2 i BE U IR AYR I & i 2 A
JafErh gty w2, N2 FUFa R 7Yy (bR) #xf4 s L, 2 ORI O KHRE & FTH
#ATo 7z WEMER IO 7o + Vg E B EL 2 AW, TAVTE—RERLTT /Y3
) U (ATP) 26K T 52 CTHmZHFLTEBY. bRIZ7 T b ¥ 2B O P 54~ & 5%
AL TREARZIERT 570 b YRy TOREZH- TWwa, bRIZ7T T b VR FHERE R BRI
KIEMOKAMEEZZBLESET, 70 by OEREZELLTWLEEZONTBY, Ju by R U7
WEED KRG DG DAZ. Ta bRy TR BHICHE L TWb LWz b,

M1 (a) X FM-AFM I X % 3WcZ=oAistill BD 74+ —Ax v ¥y 7)) OMBHTSH %,
FM-AFM Ti& #E8t L B L OMELEH %2 7 v F LA—0EFREHS 7 b (AH & LTEHIT 5,
3D 74— A%y ¥y T, HEHERBHNIH L THE T (z HI) ST - B S, Af O BEEK
e r — yHNOEKEEFEE 7 BV TEYIET, 0L &, FEHPRBIHRELZVWE S, Af25H5
PLOBRELBEEZBZL L., BH2EAAPLEBICHI ST, K1 (b)) BXUOXI (¢) &, bR
ZEHEUGERBEETIE L2 3RICT— 2 oM Lz, BFEEHASB X208 nm BL LS5 nm DFE X
Dx— yFHEHWNIIBIILAMETH S, DRIZFAN) Y ZA~GAY) Y 7 AT TODTRD aN) v 7 R
TR SN TVWDE Y VX ETHY), bDRAEZIDEF > T—DO0EAKZER LTS GEK), 20
3 BRI R 6.2 nm TATEFIRICESG L7z 2 RTCRERZBIRT A 2 bR TwAE 72D, A
FIRITHEAE T T L7z K1 (b) BIUKIL (¢) 1I2BWT, bR Z#KISHIET 5 3 DK A
MRTE LD BRBIIRLZE), K1 (a) OMSEOMBIZEAN) vy 7 ZAEFANY) v 27 2A0M%
DG (E-FV—7) IR LTWwbZERnS, E - FA—7OERIHED KRNI X
LAfOEALIZE D DEEZEZONE, —F, K1 () OMNIE. C-DNV—TEhrD¥ 7 DK
FKMiL ) EHIHEFIMELTVWDE I EDND, TOENIIRFIIINCE S FET DK X B IKAEE
HZEBLDTHDLZEHIRBEEING,

BE Xk
1) S. Ido, K. Kobayashi, N. Oyabu, Y. Hirata, K. Matsushige, and H. Yamada, Nano Lett. 22, 2391-2397
(2022).

Ehcv ol s

5nm

1: (@) BRI 74#—AT vy EXTOBERE. (b) &V (¢) BN7FUFARTY L2 8CREORE
508 nm BILP 15N DFS BT ZFARBY 7 MREEAOHE T 2UBEZRIEARITSH 5 .
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EFREIYEE XEFETFIFSET (FHHARE)
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[ A —FMREICHTBTF—LFzoTIilEMITE-EaBE7+ by V&RV —H—]

WAE, A= PMEEY T4 RAY— MLEITREKEIN LA~ — M4 Society 50 OEBIZIT T,
FIINIA VREREEE R DT I VL EDIS, L—F—FHIOIEHANOBLAE T > Twb,
BHTH, PERL ==, AR KIS - @R EVIIFREEZRL. SRS LWIRHO®
DIRHALEL L —F—FHHD 12 EZSNTWE, LEALAEDS, fERoFERL —F—Tid, Ll
DNEERDT2DIZT A AR ZIRT 5 & HIRE— F GEBRA) [CHEOEZ 22 BOERE—
FARAEL, E—AMEPLILT S E V) EDNH D, FoRA, ME R, WA AAY ) o
e e EHEEI N, B — A2 IEA S IR R 5 2 72, WMIIZiE < BB fedr 2 £4
/I OBKICBEA (100 MWem?sr! BELT) 240, FROIHIZBIFA AR MV Ay 7 L5 T
oo TAE, ZOX)BIEEZMRL, A—PFEEY) T4 RAY— MlERZ B E LT, WE, EE-
RS, S HICEFTHICHICES T, A2 ERZWTREE 75742 FEAKL - -2 LT, o
HEREORM#EZ D7+ b2y ZEREZWHH L7+ b=y 78V =¥ — [1] D% - B%t%
ToTWb, ZZTlE, ZOHMTH, A~v— FMESHIZIT-ESHET7 5 b=y Z#EE L =% —IC
DWTHINT %o

A — MLUEOKE L L —F—ILIZBVWTiX, Ldod
PR AR L — W — % M HEE T B O LI HR T BUR, ‘:
COL—F—RT 74 N—L—F =L Lo, BHE (> \ Ao
1GWem?sr!) TlEH Ao, KEl-mHa X b TERIEO L — = &

tem

SAFhOAWRRIESE
L. ERAB(E(>50%).

PF— (1) PHLNTWE, 7+ b=y ZHimL —F—
WZBWT, SNSRI L —HF— 2S5 - Sl .
B FBHDE LS. A7 — b B — A F = v T (= B
KR —F—D—) 2550 L MEHEKS (M1 4H),

SHIZ, TNEFESO DXL, A—FKry=a— b FNVEL 1. 74 oy ofEEBL—Y—I2L?
LETHLDTHALESR Do ZDOLEH L HEIZITT, 7+ AV — FNESBFOF—LF 2D (=
b=y 7L = —OEEEEEH O 7012, &I T, FE L —H — D—F)

K2R T2HE 74+ b=y Z7#EmEZ AT, 2O

BT O N K O I E S ORI RIE (L0 HMWIZIE, v I — b /D0 I — FMEIED B
) OFEELRHEICE > T, EROPERL —F— MG (Fum £E) & HART, M) CTREE
THAHAEAEIMm U LBV THH—DIIRE— FTOEELZWREE Lz, ToME, diiREics v
TN S0W o — 2 mBEEEIC LD, R L —HF— 2L A8 1IGWem?sr? Z 3 L [2].
EHICK3IICRT LI, EEMOURIIM L E TLAMREE %2572 30 UL EofERIZ, A~— Mk
SEIZBIARML —HF—D—8, $hbb, Y—AF 2 IDHBTRLERIEL>OHLI LR
RETLHHD0TH S,

SZ3Wk : [1] S. Noda, et al., Adv. Opt. Phon. 15, 977 (2023). [2] M. Yoshida, S. Noda, et al., Nature.
618, 727 (2023). (3] B5EF , B HIf , 25 84 [lioy W B2 SR ATl 4 | 22a-A308-9 (2022).

R A THBENIERTT 4 b 2R 74 b=y rRRL—Y-2L3
£ & 3EARUBEESAOREFAROHE EREOVENI KT
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A2, 20 b= 7kl & BEET oM (A CEEShESaC
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1Y TIVEDL - B—AF 2 bTy TEBEORFEESTEGICO T T

A% VR BEHEHICL > THEBEETORCERICH LADLIEEDOZ LEAF Y Ty T,
LihD7-AF v OEE T AN F—IF, V—H—GHEZHESTLERBIETSIELIENTE, 14~
OEBEPHZ XOWR IV I LT, BCHLTD Ny 79— T NERETAHILEDNTELE, 2D
HHAF VIR OREEEDLDOTZIFICL WD, b TN AN E OYCHIB O T-REE O
R . BTRAEEO T Iy b7+ =2 LTHHEN TS, A B HBEHTOT L - 74 v r#
BHUADZIZITER LTS, SITO AFVIEF Ty IPRF VIV 2BE L TWADOT, RE)
WCEoTARZ PVIZELZHA ANV FOREEDL, EFHZANVF -2l TEx 5, /141X 1M
TREWNEWD, A4 FNY PR BET 2 ICIEERRLEE R I P bhroTE&7z, b5
A TEEEETR BT RIMERROFEHE T TR T AL, A ¥ FF ¥ 2 7)) — TREF R E 8 i 0] fE 7 258 )8
VERTRKTHD, LA, BIRTH 1 HOMEICKEERE2ET 2L W 2 E1E, S0u~IExr#HD
Z7-0121E, HiEE RIFMEREIKT 52 2 EPUEL I L ERTRT 2, TOLHILEROD LI, B
MEREEALZ ) S, A F Y bTy TOMEEZEDO TN L E LT,

AWETIE A F Y EERT L7200 2HB2BWTH6H/EFIEDL—F—%, FEKEZELDT 1 —
RNy 7l % 2 72 IRETHHA L T2, 1 REEREOBERERE, &L —F — 13625520 721k
BT 1~ 2ok EIIZiETH L, L2l L—F—I3EREFRBICLEL 25720, Hl#Ess
N7z L —HF—OWEEZ R A FH TTW AL EBRE KT 2 DOBEFTH - 72,

MRELTETUELILIEE, LY -2 RERMHE—F Yy 78380 L TH D, FLid, FEHR
L—HF—OHERICEIEF 2@ L. 20 1 REPOLEZ L —F — IR L CRIRS 5. SRR
BRL —HF—2fFHLTWwb, E— kv 7ORRKIE, PERL —F—DORIRE— F &, FERIERSO
E—FOTNICE S, TNFET, AEBRIRSBOMEZZENT LI LICL > T, Bd O TIIESER.
— L BT OMEZFRET LI ERLAITETVS (READRICE I VEFIC X 28130
oo F7o. IR IRBORMBELEALS LWL —F =T, PHIFEERZHIT S & sk i Ay
BT e ybhoTE I, IR OIER EILE B I ko729 2 THIE Z 2 U,V BEE
TR C R R I e ) R E i AR T & A0 RO, RIFMHIHZ RO -0 ORI H 5. Fi
S Rk X B2, ROPHIEEEEZ B WX D ICTALELRDH LA, FORHNI, WEERRD
L —TZ2WHE5 L XV, TOFEFTHHRIHVS L= — (HEIL—%—) AT A% %E L7,
MRSz b b L —H —. AU S 272 BRI L — % —. & 1A IR D2 et
i L720 BIGIERERNL = — O 2 WMk A BAESETBI LRI, HHEEL K& T4
PREFN IR G2 i 2 AN TR SR Z FiFCwize 4
AT HE LT —DBZFZNITEREL BNV ERTHhoTE

>0.4
2IEbdY . BHEOFMIIEER AL OEHER 5o carrier
EREL L, BERROLEL OO OREN -T2 R £,
o SOYAFATI2MMEME DERBEEHRLE 5,
EHISROLIIC, IRETERNTHEOOZ G, B—f vy B |
FIVEYT AL F Y (YY) D% A KNV FARYZ Myt & 123 1234 1238 1242 1246
L7z [1]e G#%IIEAHEO BB REEOEAL &, 30D Offset frequency / MHz
VWY AT ALEDT, AXTF AT —ORMBANE g yE B - XFLT
E) L:&E%iﬁ&)&ﬁi‘%\ ﬁﬁ%%i@&)“(b‘ < o Eﬁbﬂu [J f: 74 Bt D 231/2 — 2D5/2 H#Eﬂg
[ HHliE A, 2023 4E45 70 Mo SR ETAMH#H S, BANXI ML, £ Xy U7, A &
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BHRENE &G H, S DIEE LIRE &E = RTHEHE

(DP Dataset, Nakamura et al., 2023) (PKU-MMD, Liu et al., 2017)

1 R4 BIEEL Y - TOHEHEERR
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[Application of Passivity-Based Control to Series-Parallel Connected DC-DC
Converters and their Circuit Characteristics ]
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[Three-Dimensional Imaging of lonospheric Irregularities at Midlatitudes Using
Global Navigation Satellite System]

(HEEAM Y AT LICEPHEEERBALX27UT1DIRTA*A—T %)
SM5FE3 A 23 HEES

The ionosphere is a dynamic interface where neutral particles and plasma intermingle, leading to
intricate phenomena such as irregularities. Nowadays, the drastic increase and ubiquitous day-to-day
dependence of complex inter-connected technological networks on precise space-borne
communications or trans-ionospheric signals have elevated the demand to understand and
characterize ionospheric irregularities. At mid-latitudes, medium-scale traveling ionospheric
disturbances (MSTIDs) and sporadic E (Es) are two primary classes of irregularities at different
altitudes that frequently disrupt the ionosphere. Existing theories still fall short in fully explaining
the observations. Grasping the 3-D dynamics and morphology of Es and MSTIDs during their
evolution is fundamental for elucidating the underlying physical principles. Yet, the challenge
remains that no existing methods allow for the continuous and broad plasma density distribution
measurement on both Es and MSTIDs simultaneously. The advancements in the Global Navigation

Satellite System (GNSS) present a promising approach to overcoming these limitations. In Japan, the

dense GNSS receiver array consisting of ~1300 stations, GEONET (GNSS Earth Observation Network

System), is ideal for monitoring and analyzing ionospheric disturbances in detail. However, GNSS-

derived ionospheric parameters, total electron content (TEC), provide only 2-D horizontal information

on ionospheric dynamics. Thus, there is a pressing need for the development of new techniques. This
study attempted to utilize dense GNSS TEC observations to simultaneously provide information in
both Es and MSTIDs. The key findings obtained are summarized below:

1. A novel double-thin-shell model was conceived and successfully applied to the study of ionospheric
irregularities, which effectively differentiates disturbances at different altitudes. For the first time,
this innovative approach allowed for simultaneous observation of the morphology and dynamics of
ionospheric perturbations in both Es and MSTIDs, marking a significant advancement in the field.

2. Further exploration focused on MSTID events in the Japan-Australia sector. The results shed
light on the intriguing interplay between different ionospheric regions and hemispheres in the
context of MSTID phenomena. It was revealed that the MSTID is produced in the F region above
the Es layer in summer, corresponding with the development of the Es layer structure, and the
MSTID is further generated in the F region of the opposite hemisphere through the Earth's
magnetic field coupling process. This insight, derived from state-of-the-art TEC data analysis
using the GNSS receiver network, significantly enhances our understanding of the generation and
propagation of MSTIDs.

3. Given the thin thickness of Es and representation errors typically encountered in tomography, the
3-D reconstruction of Es has always been fraught with difficulties. An innovative tomography
technique to image the 3-D structure of daytime mid-latitude Es was developed by using GNSS
and ionosondes. For the first time, this novel tomography technique effectively tracked the height
variation of Es over time. Subsequently, a similar method was employed for the concurrent
reconstruction of both Es and MSTIDs.

This pioneering work not only offers a technological advancement but also provides vital insights

into the dynamic behavior of Es and MSTIDs, marking a significant step forward in our

understanding of ionospheric irregularities.
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[Study on spin-orbit torque effects in metallic bi-layer and single-layer systems]
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[Study on broadband quantum infrared spectroscopy using visible-infrared photon
pair sources in the mid-infrared region
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[Study on Electron Trapping and Transport in SiC MOSFETs]
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[Study on Forming and Resistive Switching Phenomena in Tantalum Oxide for
Analog Memory Devices]
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[MOVPE of Semipolar r-plane AlGaN-based Semiconductors toward Highly
Efficient Solid-state UVC Emitters ]|

(B%hEEF UVC FERSICHE T 723481 r & AlGaN %3 E{£ 0D MOVPE K&K ICE
¥ 5H%R)

SHM5FE3 B 23 HES
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R RE?Z L £ 2 SN b, BIE., UVC LED 1% AlGaN ZMETE# & 525, AlGaN 52 UVC LED @
L 20 % DUF (BRIC98E 230 nm PLUF O far-UVC #7228 1 % DLF) & 3R BMEWZ A EE 25
TWwb, TOERE LT, BHETHAETHIABOMNE (NHETHE) ML LRBTFoN,,
R EOME S S5BAEE e ((0001) 1) 12 AlGaN & LED Z/F# &5 A%, AlGaN & ¢ iy
M ([0001] 1) 29 a oM CTHh Y, ZOMERETHIAWHICERIEL S5, ORI, ST
BOBEBMEFFOBYT - L2 0BESE 5720, NEHETHFRETOERND 1 2L b, c D HMEIT
HTHh LR 2 HCITEFHITHNBOERZ /NS TE S, KEFIHMEO BRI 72 PRk
AlGaN #2452 L IZINFTHEETH V. ZO 720 PHPEE AlGaN 52 UVC LED O#HiF I3 HETH -
720

A TIE T T, B4 4 AR O PARY: » 18 ((10-12) 0. c T & D% 944 42.75° ) AlGaN B W
THESLZBAE L. I, EXEFTHAT VESTHELEZILI LI L TEAIIERINLE Y
B 2GR T &, RIHL & O M AT 1 nm LT O30 20 2P » 11 AlGaN 2155 Z L1k L
720 I, cHB LMY LoRFHEFZ 7 P VIt vtbr 2 (PL) BICXVEMELZ. ZD
LEDORESRERZRTH AR TEH - 72b 02K 1IRT. T3, rHEOBTHAIX, cHOET
FICHRTH L TREBMENEH N L2305 H 5. MAT, clid rd. FHEE -7 EEIEEREIC
BRDIZONTHRAEEDIRE LTV AHDS ¢ [ TIEHEE 230 nm FXFHE & 0 R RICHR 2 & 3EMmIE
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Qianying Liu (28X %)

[Numerical Reasoning in NLP: Challenges, Innovations, and Strategies for Handling
Mathematical Equivalency]

(BERASENIBICH T2 BEH - BEFFREMORE. F=H. SO
SM5F9 A 25 HEES

Numerical reasoning is a fundamental aspect of Natural Language Processing (NLP) research and
its practical applications, playing a critical role in the development of Artificial General Intelligence
(AGI). This thesis delves into the significance and complexities of numerical reasoning within NLP,
offering insights into its applications across various domains such as science, finance, and news
analysis. The research primarily focuses on a key challenge in numerical reasoning tasks - the
presence of answers with mathematical equivalency, presenting a unique set of obstacles in model
reasoning.

The thesis begins with a thorough overview of numerical reasoning's role in NLP, tracing its
historical trajectory and highlighting research gaps. It then examines specific tasks and datasets,
establishing the groundwork for understanding the intricacies involved. A significant focus is placed
on the concept of mathematical equivalency in numerical reasoning tasks, addressing how one
problem can have multiple equivalent expressions.

Key challenges explored include the Costly Expert Annotation Dilemma, emphasizing the need for
scalable annotation methods; the Mismatch of Supervised Training Objective, tackling training noise
and enhancing model robustness; and the Enormous Search Space and False-Matching in Weak
Supervision, proposing novel strategies to navigate these issues. These challenges are met with
innovative solutions such as a novel data augmentation method, a Textual Enhanced Contrastive
Learning framework, and a controlled equation generation solver, all aimed at improving sSystem
performance.

The thesis contributes significantly to the advancement of numerical reasoning in NLP, proposing
methods to address mathematical equivalency and enhance system accuracy. The final chapters

summarize the findings and suggest future directions for research in this evolving field.

Key Challenge:
Mathematical Equivalence

v v !

Challenge 3: Enormous Search
Space and False-Matching of
Weak Supervision

Challenge 1: Costly Expert Challenge 2: Noise in Supervised
Annotation Dilemma Training

| |
v v v ! v

Chapter 3: O]y 4:. Chapter 5: Chapter 6: Chapter 7:
Comprehensive f
Reverse Solution Textual Controlled Equation
Operation Prouram Enhanced Equation Searching with
based Data gra Contrastive Expression Combinatorial
. Centric ) )
Augmentation - Learning Generation Strategy
Pretraining

Figure 1: An overview of the topics included in this thesis.
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Tareq Yaser Samih Alkhaldi (EfEtEkX %)

[Studies on Question Answering in Open-Book and Closed-Book Settings|
(=T > Ty L0 70-XNTy IVEREICETZEBCEICEAT 2HR)
SM5%F9 A 25 HRE

Natural language is the medium through which humans mainly communicate and store their
knowledge to pass it on. Manual analysis and handling of such massive quantities of natural language
is beyond human capabilities, therefore, automatically processing such information through natural
language processing (NLP) has been an active field. Searching for information is typically done by
asking questions in search engines and going through the returned results to find a specific piece of
information in mind, which can be tiresome and time-consuming. A question answering (QA) system
can automatically read those documents and return the exact answer immediately, making our lives
easier. This thesis focuses on the study of the QA task in different settings.

We start this thesis by introducing the background of the QA task and explain how considering
the complexity of the question, the task is divided into single-hop and multi-hop QA while
considering whether the context is provided to the model alongside the question, the QA task is
categorized into open-book and closed-book settings. Then we review the recent advancements in
NLP, along with explaining related model architectures.

We then proceed to study improving multi-hop QA in an open-book setting. Models for handling
multi-hop questions are required to identify and collect important pieces of information from the
provided context documents to achieve the answer. Models that utilize the identified supporting
sentences have been developed; however, they utilize such sentences ineffectively. They either only
focus on the sentences to find the answer and ignore the remaining context or do not use the
supporting sentences at all. We proposed a method to focus on the supporting sentences more
effectively by tagging the sentences while keeping the remaining context and then using the tagged
sentences for answer prediction. Additionally, the new method focuses on beneficial signals from
context documents by tagging the bridging entities between the documents.

Then, we investigate the setting of closed-book QA. While the existence and the amount of factual
knowledge that models memorize during pre-training have been studied, the mechanism and inner
workings are not investigated. Therefore, we investigate how models memorize factual knowledge
and their inner workings. Through gradient analysis and corrupting attention components with noise
while observing the outcome, the query component (Q) in the attention mechanism is found to be the
most responsible for finding the answer. Moreover, after pruning parts of the encoder and decoder in
turns and monitoring the differences, the encoder is found to be responsible for finding the broad
entity embedding, while the decoder finds the exact entity. Furthermore, using different head-scoring
techniques, it is demonstrated that certain areas in the model retain more information about factual
knowledge than others. Also, it is shown that related entity types are generally clustered in similar
areas in the model.

We then investigate multi-hop QA in a closed-book setting and its improvement. We propose
showing reasoning steps that are obtained through explicit and implicit question decomposition to
the answering model to improve the performance. Several possible points for further improving the
multi-hop baseline are also identified. This thesis concludes the study of QA models with varying
settings and discusses possible trajectories for future research.

Improving Open-book Multi-hop QA Investigating Closed-book QA Improving Closed-book Multi-hop QA

Answer Answer Answer

1 l !

P — Meodel
— a— @ Parameters
A

Multi-hop Question + Decompose(Multi-hop Question)

I r :
Muiti-hop Question + é % Single-hop Question M Multi-hop Question :.'.’
B8 EE =2

Figure 1: An overview of the topics included in this thesis.
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[View Birdification: On-Ground Pedestrian Movement Estimation and Prediction
from Ego-centric In-Crowd Views]

(RHIRIETICH T 2 BEAERVEISITEDIMBHET - FHl)

SM5FE3 24 HES

M7= HEMA RGO Ry s OBEADHETIZON, ADBMET 5 EBIZBIT 5 HEB BT X
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Wb,
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HerE Tl L7255 2 LS 6 BII L. R A2 H W THF —F 4 ¥ ML Dl Sh 2 BREE
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A A I — ABRHE TN SN2 BT EOB X OAD SLMESICB I 2HE (BHlA 25) K
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WEEE L 720 F 70— ABRALSBLA A & P i
TS DOBATEIE~DZEHL%E Conditional
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[Robust design of low-voltage OTFT circuits for flexible electronic systems]
(FLExVTNVEFIRATLICET-EREEEHEEN S > P X 2BKOO/N X MEET)
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[Development of Multi-pass Thomson Scattering System with Delay Mechanism of
Laser Pulses for Measuring Anisotropy of Electron Velocity Distribution Function on
Heliotron J|
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The Road

TR BRLYHER W2EmRSE WhabEi e kOR

Roads are usually perceived as physical objects. For example, national highways, provincial roads,
county roads, etc. That is to say, the road has become a means of transportation or a carrier for
people to walk. But I think the road has a deeper meaning. The road could be a bridge of
communication between the mankind, that is, the road of mind. It is a conversation between friends,
a communication between parents and children, a discussion between teachers and students.
Especially for our international students, it is of great prominence to find the “road” to undergo the
culture shock, understand the culture difference and undertake the adjustment.

To a beginner in research, the road of mind becomes the ideas of how to make a study. Choice of
the topic, usage of the method, analysis of the data and so on, all play roles in the road to a good
study. There are not any roads on the ground until people walk upon them, once remarked Lu Xun
(#58). While, in science since the solid theories/facts obtained by former scientists become the road,
young researchers tend to walk on these roads, learning naturally the latest, and perhaps the most
popular theory, and believe that it is the only useful one. No students would love to explore the non-
existent road anymore. That is why innovation is encouraged all the time.

Life is like a road you travel on. We may never know the best one to the future, but when
standing at the crossroads, once the decision is made, better to run than curse the road.
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