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DEORHECH - FET 74 NNHEETE S Wavelength [nm]
EI12% Y £9 [14]. XI5 (a) HeM1#4 > FIBEBZRAWTHERL
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Ml - AREGREET, KA LB T2S58E 1+ TICH HHMBIIRD 3 kT viki§z 1552 & b ulhEs
LAhbLNEEA
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n

Intensity [a. u.]
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1. [FUBHIC

5 5 AR EAS (5G) ISR L 72 #E i KA BEF v V) 720 %8 SN BN T  WE w56 ¥ —
CADIGETE 720 EINF Y ) 7L 55G =¥ 2 7ORITIX, 2020 4F 12 A ST, 4G —E R
A EAFIH TR SN TV DI LG — ALY TIFERICBER E 7o Tnb, 5% .14
W) 7 &KL 2021 4F 5 AR THROIRICIA <RI L. 2023 4FBEIZ B 97% % B3 51H & 72 - T
W5 (1. 2] 4G S5 O@EY — ¥ ABBEAHESE SN D D13 2024 FEIT 2 D) BEEITHE S TH A 2 —
CADPRBEENRDEEZ LN, KERBLALREIATH D, T—F T 74 v 7 OBEFEN BN
Internet of Things EWHEN DL EK DLy T ¥ 7 - @E T34 A DOt &\ - - HERLEE B Pl 2 15
FAZ5G EEICET %m0 L E 10 ERI2 S8 F ) [3. 4], 2016 FUEHAD S dah & A 7 & O FE B #E
Kk % %€ 3 5 3rd Generation Partnership Project[5] {TAMAL L 720 K 1IIRT & 9 12T EmEH
Ji 20Gbps. #fein A EE 10° B /km? EIE Imsec 5 &, 4G PEREZ K & < B 2 BRI 2R PR REIRAE S —
AT =2 U TCTHRESINT WS [6], 2020 EFF S TORMH Y — ¥ 2 1%, MEHEIRZE E 172 enhance
mobile broadband DAEFRDO—FIZHES b DTH V. Fe b HAfrtlAk, FEREHL) 3GPP IS TRk 2
TWwab,

5G TIX 4G RS (kK 36GHz) %. FR1 (Frequency Rangel, 0.45GHz-6GHz, ¥76 &
I %) % FR2 (24.25GHz-526GHz, X V%) (2% CHIRL, WA 2(ntlE - MERERN L2 K-
TWho M2ICELMITICB W THHAPEE SN TV L RN 2R (7. FEOFHHEIC LY FHE
BRI N DB DD FRIBL P2 2HVAR-EE Lo Twh, 72, BLIZFR3 (6-24GHz) &
HIZFR2 &1 &85\ 52671GHz FIH O b 3GPP IZTHAE > T b T OFMHEEBOIRIE, 3
WR720) T 7% ¥ AR I LTk A 2B BEMR 2 2G5 L TB D . ITIZEEL (bR %,

Enhanced mobile broadband

Gigabytes in a second

3D video, UHD screens

Work and play in the cloud
Smart home/building )

Augmented reality
Industry automation

Mission critical application

v Mobility
Smart city g Self driving car (kav'h)
Massive machine type Ultra-reliable and low latency
communications communications 208303

M208302

1 5GDEHKI—Ry— R EMEEIEERE™
(IMT-Advanced #* LTE-Advanced ®. IMT-2020 #* 5G O BiE{t#%%k7)
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= - — - —

~376GHz
(%) 600MHz (2x35MHz) 3475365GHz 365-40GHz 376-40GHz 57-64GHz 64-71GHz
—_— —— —_—

. 700MHz (2x30 MHz) 34-38GHz 59-64GHz 245-275GHz 57-66GHz

—_— — =
ol 700MHz (2x30 MHz) 34-38GHz 26GHz 57-66GHz
Rl — — —
@ 700vHz (230 MHz) 34-38GHz 26GHz 57-66GHz
‘ 700MHz (2x30 MHz) 346-38GHz 26GHz 57-66GHz
() ooz @30 M) 36-38GHz 26 5-27 5GHz 57-66GHz

—_— — LY
Q 700MHz 25[2.6GHz (B41/n41)  33-36GHz 48-5GHz 2475-275GHz 40-43 5GHz

—_— — —_— — —_—
. ; van 34- 342~ 31 e 257-  265- 289 . _
. 700/B00M 1 23239GHz 3 oy 37GHZ 4 0GHZ 5971GHz 555Gz 28 9GHzZ 29 5GHz 37-5.38.7GHz  57-66GHz
() 36-41GHz 45-49GHz 26,6-27GHz 27-29 5GHz 39-43 5GHz 57-66GHz

el e — —
- 247527 5GHz

< 700MHz 33-36GHz 27.5-29.5GHz 37-435GHz

— — — —
@ 34-37GHz 2425-275GHz 39GHz  57-66GHz

—_— — —_—=
> *5GBERREE ) HT T
X2 HixT5GEERRBENET
(== Licensed. Unlicensed. Existing band)

2. 5G ERmKICH T SEE

$76

U AR OBERRIE, HAEEG. 7 A MRS, WSR-S - op & EE BRI o R RICHEo
TEERL, T4 X7V A A ZORBUIZ & ) FNEMER RICE2S>Twd, mFIONA Y FAY—
F74 0Tl FAATLATA RE6~TA4 VFIELTBY, SOF AL ZPRIFA A—T UV —D
KEULRL ZEALIC X 2 Bt Lo KN v 79U =12 X 2R ORISR TONR TV S, #EHK
BEICEHT 5L, 4G TRBREAELEAKDOZD, MIMORF Y V7T 7V r—va v%, #Eo7 7
FE VB HEMAEA SNz M2 T Wi-Fi % Bluetooth, GPS %, k4 ZilEREEICHHIS 3 5 720,
U AR ERNICRE S ND T v 7 FR@EHIC OBAEM L7z, K 3alZuRICH SN2 WA 728
R 2 R T, B5 UM A1T9 Base Band #f. 7YV ¥ WESE 7 F 0 75540k & HM L%
179 REIC#. £ L CEEWET a7 F5 OMiE%47 9 RF Front End #8 (BIOBHREEN) 2> 5o T
Who X 3-b it 4G I KOMBY e d@E 70y 7 2R LTE Y E4 2 B R @ E SIS %
72D, ZROT VT FRICHPHVENTVBET2RTINDG [8le 7 v 7 F DK THIE 2 W
A XD, BEBEINECERNTOAR—AEGESBEE L o722 800, WEELTT v 7
F &L —HF =MW ) ERO—EIZIEd 5 Laser Direct Structuring Hili25& A X7z (K4) [9].
5GH 76 DEAICLY, WKDOY A XFK O, Bz T v 7 HEBIEmE HEEG B RO 0T »
T HREOLBET ST, BEMEORTEZHERIIL>TED, ZOMNKV2HL Lo Tnd,

4

U PiE 1GHz L)l (76 Kk 100MHz) FIHIC X Y Bl 7 — S ZE W RECTH 5 —F. K
SRR K BIRMIRL DI T 5 [10]e TOXfHKE LTS IIRT T L—T > 7 F & TEEIK
SHRPEICIR I 2 7o, TR OF IO ARECIEEREZ 52 € — A7 + — I ¥ 78k & AAHZ % F)
MLUTHE i E &EbT 5 =2 A7 7Y ¥ Z8M»S, 56 I VEANIFISEA SN T 5 [11], HIZ,
JE W% 30GHZ LA E TR ED 1I0mm LT &40 7 v 75 & IC MOERBEEL D METE 3, HikE
M LIEREZMZ 272027 V=7 v 7 FEROEMIC IC 2 FEET AMEIRESIN TS, H6-a
WCHBBHAT V=7 Y7 FOBZRT, 7TL—=7 Y7 FERDOHF A ZHIFH/N S WIEHFTI1d. 32~128
KOEZBOT v 7 F2FERICFHH L, WKL OMEET->Twb,

Jiln
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BOLPT VoA WX ol | TxBa RF Front End 1

BB
Modem

BBLPF VGA MIX xgm

(" MHB TKDRK

Base Band# RF ICEP RF Front End#f

X 3-a #mKRAEEEIRBERE ™

PA: Power Amplifier

LNA: Low Noise Amplifier

SW: Switch, Ant: Antenna

Tx: Transmitter, Rx: Receiver

LB: Low Band, MB: Middle Band,
HB: High Band

PAID: Power Amp. integrated Duplexer
PAM: Power Amp. Module

DRx: Discontinuous Reception
GPS: Global Positioning System
LAA: licensed Assisted Access

Zag:

=P

Ground Connection of
Parasitic Strip

Matching Network — Antenna Feed Point

M4 L—Y—RET 7"

—Ji EERNAR=ZAPROEN DK TIZT ¥ 7 F BT A ANOHIKAFEFICH L ZROT ¥
TFRFERICHCTEWT YT F A28 2 L L v, —flE LTRIAIE S 7z 5G ikIZ)A < E
ASNTWVLIVET YT FHETa—VEREDIIRT (12 Ix4T7 V=T Y7+ 2HT 58
4mmx23mm A4 ADET 2= Vo> TBY, WmRKOEFRMEIZH D L) ICEINLTVE, IR
WICKELEBEZ 52 5B TF 2T OORELREMEREB LR L 200 El)E L odE x24T 729
275 4 DEBEY 2 - VR ERNICEET 2LElH D 7’/Tﬁ‘%‘/:z-—)lza)/]\iﬂi%ﬂfkiﬁﬁ%
P TW5D, BEHEIC EEEEICIZTL—T Y7 F EERZRATHMIZEEINTEY, AL v
FRoNT) =7 7 ELE P IC 121 40nm 7 u X A2 X % SiFEME Metal Oxide Semiconductor
(MOS) Transistor VHWHNTWS (13l 7 ¥ T FEPROSNEBI 2T 7 F G255 Z & 258 L
WK T, SEABRETHIEZ ) ST =7 Y T OIS EMR L OBEL) TNy T —OFRbL %
WART 2 ECIRFICEEL 25T,

SCHK 13 12 & uE. MOS Transistor 787 —7 ¥ 7 OMJJIE 5mW #2E LK< FRICEBRO ST =7
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K5 ZL—TFoTFFHIlLBE—LT+—3I 2 THEIT
(k" ESZBICEEDSER. SRT T HRE — LB, AR KV S % )

X 6-a EMERITZCTFFEZ2—OB™ RK6b HmEKAIVERZ>TTFEY 2—ILOH
(RERDB Ny FTFL—T 77, RAIIERODIC) (EFEARICHITITIX4T7L—T72TFHRZ3B)

YT EACTHNZ/HTVEH, oL IEE AT IV EEES RIS EVEFELY) 72RTE 2w
CEDVLEEND, ) THROZOIZEHO I ) HHRMBE2HET 2 2 L 3@EF v ) 7oRFEH
HEEZV, EWTIERET) 7OED I )P —ERICEELBENE D L, TS, T =T 2V TO%R)
INy 7)) —OFRLRRBICKERBEL 52 5720, MWLM DREEE 2> T,
Dby 76 TR¥WMO—&ETH L7 ¥ 7 F B EHWE THIGT 5EMERT v 7F5, I VKT
HEZY TNy 7)) —ORLHERO 72O DEMRE T — T  THRREE L5 Twd, DUF TR,
SRS, 7Y T FFa—=r ZHME T =T ¥ TEMNORHLA % FIH KT 5 Y = — DHGH A
EEHITHI LIz,

3. PorFFa—Z=CUHEVZI—DOEREAH

AGRTT6IMFTT v FHIC L. B—7 v FF CHEOEEE 2 P LTy vy FFa—
SUTHEHMMREIN TS, Fa—=V FEMICE R TIIRTA Y E—F v AFa—= v T L T8~
Frx—F 22—V FEENE TERD L. HHIPZTEEP SR F Y /SO INY 2% AL v FT
P Bz, 77 F EERERBOEGENL FETHL, —H, BERIA 57 5 R Ex0 0Bz,
BRMCT VT FEZZALEELTETH S (14 WTFRLEEKPHELICHLTT v FF AL v E—%
YARBYNIRE, RFRT v 7 HEN AL 5. SEIRTEZY ORI L K- A4 v F VS
NTWb, COZHHETELR-DMAL v FRORLF 2=V FHMICEY 1775 THEORE
T 52 L 2WHRE L, T YT FOEANR—= 2 L L BRIRILICES T 5, EHE— AL v FIC
Z. EBREEAAL vy FE LTEWERENRD b, F VO, + 7HBoRRR, FrEiEt 7o
ERFEAE E 70 b TORMREZ 723 720 P8R X 4 v 5% Micro Electro Mechanical Systems A
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4 v FUEHWLNTEY, FERZA AL v FHT /34 A& LT GaAs High Electron Mobility Transistor
(HEMT) % Sion Insulator (SOI) #A4% E MOS Transistor 2SHHW SN TW 5,

V= IEEBEAA v FEMIZ 90 FARMED SHHLIA TE 720 BT GaAs BRI L Tp B F—
WY MNTHDLZInDPWHRKICL > TN T Y VA7 — MHIBIZ pn HEA Z LT 5 GaAs Junction Field
Effect Transistor (JEET) $ii% .6 LIF K HEEHEA A v F TR RSB A L (K8) [15].
M, FEHEEBEESRONTBY 7 V7 FFa—= v FF AL v FRIAETH 7205 T 7F
DFEZFENYBRZHAA v F & LTORWIERD TS CaMii 2 1572, €Dk, diK@E Tk ERIC X
DEEEAA Y FoEK. BN EARD S W, JFET £ 0 b E g EIcEL S
Pseudomorphic HEMT (PHEMT) (2 Zn ##k pn #eATHEA Z2 EEH L (JPHEMT). 2000 FA82 5
3G R, FICAGHME L., WMARBEMIEFEEAL v F L LTUELHWLNTEZ (16l @ JPHEMT
. B AE TEAEC L 24 VBRI L pn A7 — MK AW — 7 BibEED & B A
A FRFTRIERBENRT =T 7L LT EWEREZR LA 17

2010 4EACHIEED & 7 7 )b, IC MIFIZE A A HEA TW 72 Silicon On Insulator (SOI) MK % T
EEWEAA Y FOBEHLICE D HLA 72, SOI ZEARZ AL v FIEMKTICO %255 Si RO EFER S %
HECTE, Ml 7 et 212k 5 A4 v F/EUER JPHEMT A A4 v F TR 2 4 v 5 & ERB %o
FrFy M EHTE S L, WIZ200mm KIOFEEBRIC I 2T A Ay 26, GaAs A4 v F
PODBEEWAZPESL L L HIINNT =T TR EDMOEEIE IC IS EA TV S [18], FEICHHML
THIZEIEAA Y F/IEUICES T AR, HE. Ny PRy —R ot 23X MCillEE %5, 5
RN L7727 v 7 FFa—= Y ZEM T, BRI X > T 100V DLEDTEA AL v FI2KD &
Nb, 22TV =—=TI, 130nm LD Tt 2% \\WTTF A AEEORELZ 1T, BN
Btk e mi e e 2 WL L, SR 7 V7T FFa—= v AL v FEFEH L [19]

Antenna Element

SPDT

swf S

ﬁ

Aperture tuning - Aperture tuning

(>
Peripheral
Connectivity
Processor

X7 7orFFa—=—JERHE " 8 v=— JFET SW #i !
(SPDT: Single Pole Dual Throw) (4 X 1.13mmx1.15mm)

SURBRNT—T72F

M4 THZAGIT 8T =7 ¥ 7 Tid, Bl MhicBwCERMERED R L Wi#FTic Si MOS
Transistor (22 CTEMD. BT % GaAs HBT ICL 2837 =7 U ISR TW A,

IVPNRT =T U FIZBVTH, Si MOS8 —7 ¥ 7ot iz 2 T, SiGe ® GaAs. InP.
GaN S DAL AW P8R Z 72837 =7 ¥ 7h%EE ST 5 [20]. GaAs 0 TV AL G841,
EWE TS L T4 FXry v FTICE BN FURT =05 IYENST—T7 v 7 LT Bl
B2 R T I ERME SN TS 21 I WCEMEHI L 587 —7 v T ofafiiil ) & @R O K
BERT NI =T VT EEBT LT3 AR E LCTid, MOS. HBT. HEMT %k 4 2 BIUEA D
B0 Z ORI TIIM BRI IR T 2 BEBER T35 A4 X2 KB L TV ARWIICHER Sz,
5G I VP ST — T ¥ TINFITHGET SR 2 734 2 ORI % table TIZR T,
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Saturated Output Power vs. Frequency (All Technologies)
60
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~n
=

0
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9 BMBERAVTERINANT -T2 7 IC OREMHD EEBEREHD ML 2 K@

Table | I YVENT—7 2T EFT/INA XK

Si SiGe GaAs InP GaN
HAR 300mm Si | 300mm Si 150mm GaAs 100-150mm InP 150mm SiC or
150-200mm Si
M a Z b Cheap Cheap Expensive Very expensive Very expensive
Cheap
TINA AR MOS Bipolar PHEMT HBT HEMT
BEEE [V] <4 <6 <6 <5 ~30
INY RN — Low Low Medium Medium High
EYES Low Good Very good Excellent Excellent
FONA A A X Small Small Medium-large Medium Medium

InP HBT ZEMOfitE L 70 AHIZHI G CEZ FIFICS WE W) EZEH Y, ThEThaR
A& LTOEFEDOR L > T D, TA ML S REAELFITRE T HUWAKMIT 8T =T ¥ 7T,
CON—=FNVEIZ)TTELLNRHEL L > TW5b, WKIANTEEEAAL vF. RU=T7ICEL
TOFEBEVEREOM LA S GaAs NT—T ¥ T~OWEHEIKE L, 7— FE 150nm 72 £ 212 &
% GaAs PHEMT # W 7Moo S T\w b [22], ik 22 Tk, B, maE 7% GaAs PHEMT
T =T 7% Si MOSRT =7 Y TORDLYDITHVEZ LT, TYTFHREA4D5 2125 Leds
LFASEDOT ¥ 7 F 2R Lo 7 V7 F Y 2 — VN L LRI BB EZ M TE 22 &
S L CwWhs GaN HEMT 3B X v SiC HMR LA L7z 2 TRty & ashs e
M. L. fit3k Si LDMOS (Laterally Diffused MOS) 23HW ST & 72 4G MBI T —7 7D
BEEXBZDPEATED 23, ZOHNIZSGHEMBIIBVWTLRMEEDbDNSL, —J, WRH T =7
Y TTNFICIE, SiC DMK ATIRE & 7 > TEADHEE Lo FAUTEI L T3 ZeliZe Si ZEARDSRIUE &
BBH WTFNOER LTI L7z GaN HEMT 3 30V BEOBIEREEARiHE LTB)., Ny T —
EXEh o> 7= 5V DL T QBRI Z Hide & 3 28R MT 87 — 7 ¥ 7 Tld BRI 2 5B L < MET DS
HA TV,

VLB, B6b TRAZMWRRMNII VLTV FFEY 2=V T, T —7 ¥ FHE7Z3T7% < AD/DA
EHE SR IAATZLHERE - /N1 F v THEIDPEETH 5 &\ ) JE A2 5512, Si MOS Transistor (2
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XBICHEANETLIEEZONS, —/ T, MOS/NY—7 ¥ 7OMWRRIZIZEEH . L b mikfe
87 —7 7L LT GaAs PEHMT R 2O 2 BHET 2 LT N, 20BN S Twb,

5 #U

LARRE X ) AL DSBHIG S 72 5G Tid, 4G 2 K& K BE T2 MRk BT 5720, #7212 FRL
(HF76). 2 (IVWK) FAWEATHPEAS NI, BAHECEMENET VT FRET2—VERET S
ANR—= A Z Wi RERWICHERT A2 EDEE 2o THBY, WIRELTH T 6L 4G T ¥ T F DI
b IVWRT—7 ¥ FEUERILICE B EY 2 — VWINEABREF SR TWD, ZBFEFLLKRK— T R
A9 FEMAEGDEDLT VT FFa—= Vv FHMICE 5T v 7 FHAMLRE T, e b SOT AL v F
W) MAZBBE L TWD, B, BRI )Ny —7 v FEIICmT. Si CMOS 787 —
7 ¥ 7 OMRER _EICH 2 T GaAs PHEMT 7% &0 II1-V AL G873 4 2 DMGEIHHED 5 Tw
5o AAE) 72 5G W FAIT S S WEI 232 % L b N D A3, Z 2T 728 B Z I BEICE R 2 2 L
TBY., HTxIHA LMY MAZED TV S,
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http://www-lab22.kuee.kyoto-u.ac.jp/
HRFIEERE R Y b7 — 7 HEHR

AMEFELZBZ O TN, LIFUIE T#HER] SHwWoN b, Hiihk & 2 A TIRREATFHOBEKAE
BREL LOYREERLZ EVBHITONL, AR BET DR ARICERTLHERLEDDH 5,
INHOMRITVTNG, BETAREOERIRX 220089 PRI hIIUE, EXHLETLWV
bDTHbH, LHLHEICIE, FEOFEPRELDEIDZHFICAMAZ EIETE WD, EiLo
L) hMREARNICBE TS L1042 (A IRRARED VA S &L H- THHRT %), H
BV TD, HlHT2HROWLENDPIAMHEETH 851213, HERRB L O #o M % g
HTHZENEELEZOND, TOLH)LREENLL. BRETIET—~D 128 LT, B4
R TH D L) R 2§ %720 OBGEEMICHN ) MA TS, LT TIEZOHHBE LT, #BF
BIEDTER DA 2 FHWTEENSE F v b7 — 27 RO ELHEIZ OV THAT 5,

K1DAy bT—=2HlR%EE 25, 72720, Po (&GRSR, P 3SR, S &
P TI HIZOKRA—IVETHSD, ZORGHIEN G L HIHEGR R TN NIT 1 T 7 VilsfElk%E
ALTORDBoTHY), TOBEBEICHEBIRR & D1 A7 v 7HIC 1P, 1 ZFETZ2ERHTES
L EFZ DP, D™ PZEEINTWD, v
T2 ER—NVIFERPILTEY), A= F u Ue Xc x
BB X KB Y T BT R H | fe "l S
FRET DL 1y, 1y BHERSAHES & T
&, 20X v MU= IR ERO B §Dd‘” iDYP
BHERGICE D, Z0 L) BREREMNRT  E Py
LA P&, SO [1] OBCRE T 5 ' k4 '
Z L TRET & B . )

WS P & LTy HUROEHT X 55 11 %y b7 =TSR
DRNEERDHLHE 2 OBVIET O, §HE
EHTOMILEMETVEEZ A, 72720, HE M=1. EHINHE g=98. BOEX =02 THD.
Tt WABDMVZ, 0 BHELELFLLOIRTFOMETH D, FEEREXIERS A Exp # HIWwT
tp=¢Ep+00l, Ty =& +001. &y ~Exp (001), & ~Exp (002) &EINbL¥5 (FRESMI3H
LA THWOLNTE D, 7y FNoRIFEMREEL EZHT 2MMN L 0HGO—FThb), TDX
ILBREDD &R EZ R TRV, S 56 P & CHR[1] OERICEOSWTEETTAE Ay P —
I HERDISEIH 3 DIk o72. BEfOFEREEHIZ 0 20ICPEELTHE Y, /il L ToR
VBERTETVWDEIENDPD. KEFED X I Pe PALRETH Y. 2053 EO P2 IEA T
TH o THREE WAL 72 HIBREF DR TH 5L 2 L, BFmNET 7O —FORAD 1 DOTH
5o
[1] Y. Hosoe and T. Hagiwara, IEEE Transactions on Automatic Control, Vol. 64, No. 11, pp. 4764-4771, 2019.

A 4

15 4
2
ES
\L 0
&
-2
-15 -4
0 0.5 1 15 0 0.5 1 15
continuous time continuous time
2 : BIALiRF 3: %Xy M7=V HERBOILE (A% 100)
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SHEIREE B4 ATL59F (TBEHEE)
http://turbine.kuee.kyoto-u.ac.jp/
(BB > 7 VN> ZBICE T B HBaEEIC & 2 MFEER]HE ]

BoOR (M) 12H 2. EmHERFOL010 (E{BEORLL OO TH L) Ik
HEE N WHEREZ > T b, BEE L L T8I~ O LEEE SO Z 5w 5 D05
WTHY HILENTIZ. BERONEZDOTH D), £ A YR IVA T Y7 EO M EREICED
5 RIVE V& BIRONERIZ WS 5 DHBNTWTH 5 i 247 ) Mg IE AN TIIBER D 98 % 2 % 5
BDTEH., WM Emd T ch b, T2, (MHEEL LA SED) TV h Ty %503 5% a il
Jage (MBHEZE THREES) £ YA Y E25WT 5 Bl 0Nl & 2 ke, BN
TRMZETZ > THEEL T Iy AR (BE) 2R L. SN OBEESERNICE S 1E-> THIEL
T\ 5, DR HClam B o BE MRS, AR BT 2 MAEEGIE & v EEREE ZH - Tw b,
O MUHEfEHI BB AR\ T 2 U 2 B8R 1E. BRE T CTlEgih S8 5 H3 % < (B O BALFAl 72
ExR BRI HERENRERLEGEEEOUE IS L1k v,

MIFRECIIHHN - VAT 25N T7 7 —FI2 X D EBLRAEHABLICET A2 To TV B A -
MRERRDE - MR 22 Tl <, BEIZBIT 2R VE VIZB VTS BERAEBBR S ARE N 2
ZENZH S TWD, BT AL TIE, MIIWCRLAZE D% ON—Z MEBEIENS) 52
BREST QEBIEMN) PER I, FNICLETA VA) U5 aEans (BEEICBITA2Lofind .,
ENZFNIHF R GBI B 2 AT %) o BERW CTHW O N A IR & L TREN 2 AV A= VIR KSR
. BERAHIMDO K A+ v F v A NVEHETAIET, 2OXI HRN—X MEFZ (EHPY) /2L,
AVA) VO ERESEE S ETD (B, K FY 2 VEHEST LI EMEHBEMEZMRT Z &1L,
MERHI BT B3 [HRARTE0REME] 2@y, BTE5L918h5),

EZAM TOX D BAEBIBER - KT TIIAERROBRBICIZEDS v, 8% 5. BERKIE.

FIVE VR OB ARREA I L 2B TIE R [VAT L] OBBEASIZE BN TH
5o MEHHOMPHEIZEICHBICHIH SN TWEH, ZRIIEENO A OB H WIZERZ P ) I
D LMD, BEMBEESEKDS Y X7 4 8 U CIHLAEE 5 %
ToTWnBHIEIZEDEEZONTVSD, K2ITRLHES
Hix, BEND a. B BB ENCZENS 5w 5K 220
WE VRN LTIT) MHEEH (BB5WlEl) 2R L Twa,
LA L. ABFETIE. S H 50N MRIIEATE W IZ T LT S
LTV, MBET RLVEYEFTiad) ER £
BRI THERO R DI %470 7 H% & Kl 2 0B ) 14 ~
7o TWHOTIHEEZR, (BHWMERZITTIERL) EBXR

HFIBLG % b EIE L BT L ATy S IR 4 60, t 100
Y 27 AL LTED LD BMHZ > TV D P55 (s)
I2F 2R DTV B M1 B B S OEE R

B ik TYRIY
[1] e - 10 Ba, BB I OMIBOEGWA S = X Lf#
o720 OB O BRI 50158, 2580

NLP2017-111, pp51-56 (2018). /“<:%:;2
[2] Wi - £ HER 2 AU S HIRE TV DNy N V0 S \,
SO & ST IEIRHTIZ 3D AT ~HMR AT & LB > 5 s/ o\
WZHEH L CT~, E% 80 NLP2019-117, pp.25-30 (2020). v

[2] Y. Nishide, S. Doi: Influence of the electrical activity of ®-----------
pancreatic beta cells on the electrical activity of alpha cells Sihdy UV RZRAFY
through the insulin secretion, Proc. of NOLTA2020, pp.476- eg— e

479 (2020). 2 EEMREOE2ER
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SHETIFEE £HEEEIFZSE (IWWMHARE)

https://bfe.kuee.kyoto-u.ac.jp

[ DEEEM RS OEESHAICH T /= MRI X E > Oy 7 R&DET ]

e o, B BE, @ik o7
Y A %A 5 NBERE L. BEA REHAIEICE D
%75% SNTELD, REBHINL TV W

2L DFPEEINTEY, b bR
WCHETAMEDOEENLZTNTVE, HTH,
iR Ry P T—2Z LW BIE2S. MND
W BB E D X ) e HERENY 70 B & FF
B, W ERTEE) 2 L TV b O AT W
TR NE L)ool INEKGE
s A &I 2% C OB & % EER T
TELEHITHEIZRZHEEIN TV RV,

¥%  oFHI T30 T BREM A IEE
Wi EMRID) &, RGBT 2 I Y A — b
VHEAL D22 e CIRRBRICEHNTE 5 2

Ehn, EBERICELELTFETHL, LA
M5, HERD IMRI (3R 25 RE 5 %
BT 2 M TEIE 0 & L (BOLD %h#) 12
KOV TBY, #WRIEE» S BIEILET 5 2
&R, TEEERAL & V) )L #E e SIS T RS AT 5
NAHZ b, BERENEAZ BT 2BICH
EERDRELBRMEIN TS,

Frlzohicw LT, A yay 7 Rigs:
ZHWAZ LX) BRI S OB 25
WEHELTWL, A 0y 7 Ffdid,
AR BN & b 7o THE U B IREIIEY I &
0. EERNCHFEET LK FHo7Ta o
WAL D RF A E B I RN e R I E 2 5 &k
CTFHETHDH, BEOAE Oy 7 g
Tld. BroMHERZIETAILITTE
BV, b7 ) v T v IV ERRET S
LT ATEM AR T 5 2 EAHEIC 2
5 (K1) 1o BEEOMEEE CT&H S 5N
RS O MBI BRI 5 2 & T, HENR
i IS OB REMAE B 2 AT 5 2 L AT E
bHo K212, AFHEEFVAR=VT 7 bA
W L7 R 2R ¥ A4 R — )VEMIZED
X2 w35 o OV O ZE L 238 & v T
WLZ LD, KRFETIIEE pT D%
WM TE& 5729, 01 ~1 nT HE DM
59 72 iR 3 O M R BEBE IS A O FHll~ DIt
M2 TE %,

AFHFE. BOLD RR D LN < WIKREEY

MRIWZHEHTE S0 [2. KELEEIESMETE 5,

AWFEDHHTEZBGEL TITS FETH %o

(a)

a pulse —apulse  90° pulse  180° pulse

1 Spin-lock pulse
g RF pulse M

M. q
magnetic fiels

Electric
current dipole | =

%3

(b) without B,

wl e,

(c) with B,
A

I,

Dendrites

Pyramidal cells

‘7

[Bao=0%)

Y1)

. eB =90

1 ZBLAZRE>OY 7iBEE

[ |
S—mNNw
Signal intensity (a.u.)
] =
s 8

.,
Signal change ratio (%)

oJol;

(e) ¢=180° (N ¢=240°

(d) ¢=120°

(2) ¢=300°

K2 HA4FK—INT 72 ALK DGR, £ER

BARKADE A F—

JVEBICENINY 285 DREGIEE

LS EB L MREKRD S 1 K- IVEREEDES

MEDERE L

TRAS5N B,

[1] Y. Ito, M. Ueno and T. Kobayashi, Scientific Reports 10, 5463 (2020).
[2] H. Ueda, Y. Ito, T. Oida, Y. Taniguchi and T. Kobayashi, J. Magn. Res. 319, 106828 (2020).
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BHIYHEE SWORIZSE FIHHARE)
http://cct.kuee.kyoto-u.ac.jp/
[RSEORIERAZ & BEXDEERIRET IV

R E T VIEE VR TEMET A M ORFHIB W TR RDET NV TH 5D, AUFFEETIE
ZOWHRE LT, RN RIFERZ D 72 W HEREEREORBEE T VL2 ToTWwh, 2OXH %
BRI 22 it B 2 B 7 e WR SRR L. T I AN Y k% EOREEE TEBICHEDbDR S —T, #IRoT v
FFRIATVE— NICE MG SBERICERL. ZORS oM A% EY 2 TRIEE T VAR
LI ENEEIIE STV,

B X 2HELZPEEE T VICHGAL L &, whHRE LTH T AV F—2 NEOEL L LTE
B A HHEME TV LS HWONED, CHIEZZALVF—DHROAZIH VL7720, EEOR I E
THULLHEEOMECHM D GO-FHIZH LV, 22T, HEERRE EOBRRINES BRAIHFIC
T4 = Ny 7T HETHEORENE2RBTL2ETFVERE L (1], oEc & LT, ER EOBEN
B Q L i I DI E A (Sommerfeld D F%) 2B WTAFERICIA CTHEIMELBRZ 7 1 —
KNy 72 & LTAND kAT 5o

7= L 7]

CZTC z \FEREFHIMOZZHERE, kIZHMZZEER. GUBE_HIIH S 3 o0ERIL. Thth
ANHWED 2 oy (ex). #ATIRDIEL MFOAER (tr). AREER (fin) OBRTHS, TOETIV
XD, B EOBRIIK L O L SIS AFEICK D BET L2HEDED Y — A B (Isc). M Foi
T Em (e o), HEATHEDG S TIED ST O RAERIZ X 28I (Le) D 3 DORSIZHT B, AS
PR B HGEL & R OE VDA R S, /20 TO3DORMITHFITATEICED, K2ITRT
RO AGT TR S e — WMz @ T R o5 (R A5 PP 2 BRI Z 3 DD IZ01T &
nd (H). SOXIRBEHCR LT Iy Y A7 ¥ PARBREEETVE VT, JHHlIR 52 & off
WEHMEKE L TRFTEBICTAZ EZHED TS,

£ZX@k [1] D.Tashiro, T. Hisakado, T. Matsushima, O. Wada, “Single-Conductor Transmission Line
Model Incorporating Radiation Reaction,” IEEE Trans. EMC, Accepted.

S 2 { Bukin) + Burlkin) — Baa () | o717
0

Incident EM field % ’ ¢Ore, Ire Radiation reaction
Eex I'4 Scattering Forward traveling
cOse, I N cOr, Ir
NNNNNN e
—
O, Iy '
Backward traveling
Traveling wave’ s radiation £
K1 BEFEEBREROIODERER (AFEOBEDY — X, EITHE. HmaICES3RHORIER)
120 60 120 7% 10-3 60
’ya\f %107 oo
ox 5%
” ) kex ‘ 150 30 150
."'/\6‘ ¢ l oz 1 -3 S
e p— B { O\l 1 \

o]
9’6 - 30 210 330 i
— proposed 210 —traveling 330
- - ~MoM - - -reaction
external
240 300 240 300
270 270

K2 MOAHTHRSNAGZEDEFIREZDIHINDRHE (MoM (FE— X > ME)
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ETETBE T8
http://sk.kuee.kyoto-u.ac.jp
[RAEBITICE D2EEBETET IANIVYREDOEE IR 5 OfFH |

B L ORI ORWEENAEST LTI~y (THz) #HSIE I E T2l mW 282 % FEHN R
AR FORALEIEONTVERLATLZ, A7 BEEBOL I IF vV TOF A F I 7 2A%FH
LEIHELTHHREROBEED FRDSEBEESHH SN, LED DX ) ICETFRIREFAHT 2546
B XD ANVF X107 VE Y BT OMmREICHYT 50T, BKRSLEE 2505 Ty, BrE
WO ANVEETHL Y a7y VAT, ZRY a7V YRRICE ) ERENTE &2 RRERICE
g2 ENMETH LT TR, BEEX v v I X ) EFHEIRESRESINL DT, #Hukod
Zwat—Lry N EBENHEINSE ZENPPFINTEFE L7, 2007 48 12 & i (2 54
BisSr2CaCuz0s+a (Bi2212) 2B OFEEAAND THz PG 23800 THIM S N7 OWMEIC X ), HAaT
HY%H5 0345 11 THz &\ ) IR ZEREB RGP, =K 0.6 mW &) mOBERIER & v ) Bz -
THEEDRBAE T ClICHF s T E 9, ZhiE, Bi2212 A ERICER I Nz XA HfEIcE TIN5
1000 F2EED THEA] Y a7y YEEVPFEM L TIRE§T AR EEZONTVWE T, SR Z H
FELTHALN TV DA, A FTHEERETFORBIREIRT T, FH—OMB{RER LI L 72850 £
PG 2 BF F 72 ENC R L CERELE Z N 2 2 & T, EREho X ik FE 1 Tk 2
NBHZEMNZL Y a7y 077 A<REDEI L7258 FFEo 2 Fllpl UComEE2 s m L. B
SEE 0.6mW ZZR L7z SN TwE 3, L Ladh s, AEEL D263 HFHoMEOMM
MR E A CHINTB LT, MlERIRG LT 2 2 L3O THETH - 72 £ THA
Z2Hid, BHEINL T I AV WROREEE» SR FICE SNy a7y ¥ 77 A< REOIREE
HEL, FFEMET HBREHERIERE N LI EA D = AL EHAT 2 TR EL 2,

B &Iz, HAERER LR L7z 2 00 X P HERF 2O SN DL 77NV JEORE, ik
B £ Utz HAREE & b h Hem R B EO S 6 CTBII L £ Lze ROCEBIINIC X 0 BRI DA
PHEETEHDT, BIRINEEZ XY PVEBHT LI EWREICAR D 9. ZOME. FRFEEOIIRIR
BA2ODFEFOHMEEEZ LKL THMEAEE TR TELILERLE Lze SORRBIZ 8T X —
Y EREZIZMEZHED TN I LIZEY, 20D AFEEICEENZY a LTV v T T AIRE DO
HAEMATH ZHEEST A2 EZ2WRRICL, MMERN R OEH 2072720 TR, 7INVYE
FHET A ZADOWREMESIRE L TV E 3, RFZEBCRIT AR A — A _— 2020 4-5 H 15 HfH i
oIl TRABEINTWwE F, https//www.kyoto-u.acjp/ja/research-news/2020-05-15-1

(a)L' 1 I

FINIVYR
(Z# k)

—

Bm Ay | FSRTREN LIRS

X: (a) BEEFEXY (A1) 25 2UNLT7 LM BEDEBETE, LTICHBULERIS A FICE
MEFATBETINIVYRPRET B, (b) AT 2BEEHRX VORISR, B S5 XY HBEE
FTZZATKENLTHEL. @BELTINIVYER (T4 b2) 2RET S,

22



2021.3

BETYHIFEE FEFYMETFEIT (KEHRE)
http://semicon.kuee.kyoto-u.ac.jp/
[FIB(CE DV /-BMLEE /SiC FRE R KD KIE % iR |

it 1~3 kV # o SiC (RAbEEZ) 787 — MOSFET & ¥ a v & —[ERES 4 F — FIZFEHEIET Y .,
KHEOEI, KbpEMH ST 2>, B, BRABHBHEZ ETHELEZ AR RINTVET, L
L&A, SiC787 — MOSFET O SICHADRT v vy M HRKE STREEL. ARoMiEE %
HTETWIHA, ZORKDERIZ, MOSFET OMEEZ ) BEILIE & SiC o FREICIEF IEHBEED
RGP L. 7 — MEETHFEEINKER S Y ) 70 R MRBICHEINTLEI NS TT, 20
FRALIE /SiC FHRMGIE. Y0 CilZs 20 FICH - THELRERDSH ) TRHATLLD, 4N, R
RGO KRB RIS L F Lo TRV LET,

ek, SiC MOSFET I2HW5 7 — pEgfbFLiZ. Si MOSFET & FIARICAERALIC X VIS NTE £
L7zo LA2L%ATS, SiC & O ORISIZ L 1) SiO2 2K T A MEICB VT, BHMRET-TH 5 RENR
HHEEESB X OB ISR L. BB EXRE R T 5 LRI N SN T T 9, BIFEETIL,
SiC % BB b3 % & TS E B E O RFZ RGO IR S NS 2 L 22X kD, TNEZHRA
RIS A FEE R L TE FE Lz, ZofER. (1) SiC OBEAL % HERR L 72U 7 10 A D
fESr, (2) SiC RMHEEEIAHAET A RMa%z . LR AIICKEZ Yy F oy 72XV BET45 70220
MV 2BL T, MEORCWRIHZER TS 2 LI L L.

Bl 1 IZHEROBALIETER 7ot A, BILOSGEHRET 2 “HEOMBLEER 70t 20 70— X% /R
LEdo FRllRET L7 A AT, KEZyF U 7RIS EEZHERE L. % SiC ofELd
ELHETLEWVIRETIHILT A2 21250 SIO 1AL EF (1o F/27 0 X B Tld, KEZvF ¥
FHRICHERPANC L D SIC RMIC SiO A L 9 (2] 2B, Wi 7av 22, BRILERREIC
FILCEFME A L., REEL21T) 2 EPRMEKRICAEN THLZ L2 RHBLTwET,

212, HE—EERFEOMITIC L D RD AR /SiC FRHRBEEO T AN F—5Aiz R L E T,
Z ZTlid. SiC 737 — MOSFET OFPEICK & 885 5.2 w8 (E.) O T 30 ¥ —#ipHic
BULRMREEEZRLTWET, HICABRILOAZIT- %A I IR E R REEA 10% cm?® V! 2L
FEmMOTELS D T3, BPBILERICNO #AIC X 2 Rt T & RBIERIEICIE L 325, %
OFFEMEEF LT 10" cm?2e VI L e ) F3, WL HIREamicio IO TRIBEED
TRHPEABICH KT 2R L) T, —FH. Sl UIEEIRET LT ut A A, B TIXARMHKN
BEHN (1~4) x10° cm? V! TH ), (ZEFIWRME TR 7 7y M XKEafitzoTwET, 20
W REEEBEORMMETHIET S &, R 7O 2 IZHRTH 1/56~1/10 IR TE TV E T, Fun,
AKERZITCIZ 2O TV AR EIT ™. £ OFH. Mk, 1 ¥ —4 v bTIY) LIFTwi72lz &
NCTEF L, 5% COEBEREEHCZ N VIR 5 OIERZIT) FTETT,

[1] T. Kobayashi et al, Appl. Phys. Express, 13, 091003 (2020). [2] K. Tachiki et al, Appl. Phys. Express, 13, 121002 (2020).

n-SiC MOS, High (1 MHz) — Low

z| Conventional } ~

Oxidation Annealing FI> [~~~
so "N 50; & Tl As-oxidized
sc| = sc| = sic € 1012k Tl =
/| Process A } = ™
" Low-Temperature  Annealing 2
H, etching + oxidation in N, o) 1
Si deposition 50, S0 = 1 0 ]
sic [~ sic |‘i> sic [~ sic ‘% 3
Process B @
SiOQZZ;:pcI)ns?tion Anir:]eljlmg o) % E ooy T
S0, 2 0, L
c 0.2 0.3 0.4 0.5
sic| = sic| = sic - E. - E; (eV)
\ J c— T
K1 RETIERCEFREK7OLAO70- X2 BEMLEE /SiC REXMREE DK
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BEFYMISFEE EFVAYEIZESE (LHHRE)
http://piezo.kuee.kyoto-u.ac.jp/
RPEFENBEMEICK 3 RERICODDFL ANIVERIEICEEY 2%

AN, RIER L VDI O OB AWK T 2 BifiEiE A M D o> T b RIS, BHEEI L Lo
AEWNIE. BA LREARZ FRERINEERR L CHERR T % & v ) B R R H 5. IR 5HRER
TlE RN TEA SN DHUET FAREERO—E (BUEMEST) SRFRNICHEGT 52 & T ikt
ERBLTWD, ZORRMHEGIIPUR - UK L IIEN 55, HEDOGTHROADRETHLI L
Mo, DFilikt IR0 EN R EISHENTE Y, A - EHEMMHE 2 Tldk <. TN
HIZBWTHIRE L B LEHEDTWE, —J, FTMDEMSEE (AFM) 3, #PRETICBVWTH S
F A —VTOBENTEELZTETH Y, DNA “HELBAMEOEEBELZ LY. EARBOSF L~
WIRHT 2 B W BN TW A, AFM IZ X 2808 - PURIS O EEBIZE. 5T LNV TORER
DRI KRE S EHBRT A L DI FHANA T2 U FADISHZ EICBEL T 2 e Wi sh b,
bivbiux, ThETOMET, VD TFO—MTHDL g SrEFra 7)) v G) 5515, AMBEET
WZBWTHCHRRIIZ 6 BEZTER L. E5IC20 6 Bk 2 KTk bt 52 &% AFM BlgIC k5
THO TR LY AFCld. IgG ka1 6 BARICPUEMES T 2563 5 2 & 2R T AFM BIgk:
BIZOWTHNT S Y,

M1 (a) I21gGoufhsnT (HEfk) O AFM %2R T, PRGN 2 Y FPREZ AL TB D,
PURICHE A2 =20 Fab il & . Ml BMRICHGT 5 Fe I E IS0 TWw5b 2 & AHIBIC T #]
fbshzze K1 (b) &, 1gG T2 H CHREICERIR D 6 BARZ TR L7258 % 7R3, 1gG 4 T1& Fe
I (MO L WE) % duiiZ, Fab g (Ko 12 o) 24N miy < 6 &% Bl LT
Who EBIT, IS IgG T 6 Bk LIS, YRS T2 SR EZH T L2%o AFM §% X 2 1R
Fo BIRD 6 BAROHMINIALIE T % Fab SIRICHURMES 72554 L. AFM AR TIZR M E LTS
TWh, COMBMOBOEALZIET S LT PSS T O &8 OB KAEME 2 51§ 2 2 & 5]
BEL 20, REREEBRERDLI LI L, IS —HEOMRIZE > T, BEESBERESTL
NVTHET S EC AFM THALIIBD THER R T E %25 2 EAVRENTZ, Sk AFM I X 2 HE:E -
BRETTHLZ S HICHD D 2 LT T LRV TORERBEOFEMSSH S 225 2 L2 LT b,

BE Wk
1) S. Ido, H. Kimiya, K. Kobayashi, H. Kominami, K. Matsushige, H. Yamada Nature Materials 13, 264 (2014).
2) H. Kominami K. Kobayashi, H. Yamada RSC Advances 8, 29378 (2018).

X 1: (a) 1gG D FHEFD AFM &, (b) IgGAPFO6EFDAFMIK, X2 MEMD>FHESL -
IgG Hiik9F 6 240D AFM £,
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EFREIFEE XEFEFIFSEF (FHWREE)
http://www.qgoe.kuee.kyoto-u.ac.jp/
(BN - HE—LEBAT+ Py VRV -V —ZAVEXEEEY X7 LD

VAR, HEJHER TRy hOHBETICRESNLIAY—bEC ) T 2206y v e L
C. LiDAR (Light Detection and Ranging) &IN5 L —H—J% H 7206018 2 X 7 2 OF B
BHWEANATDNTVWE T, TD L1DAR DLEERTDH B L —F—JHFICiE, /AN - 22l - mRhE v o
M EAT ALERL —F =2 FIHORTWET, LAL%EDS, BlRO LIDAR Tk, €—2
B S U= A RBHADKRE OISR R o PEE R L — %—(Ilf)%ﬁwfw%tb
C— LD DOBMLNERL ¥ XRREERESLEE R, 4 A, 2 A b, HRBICGEEZ 2
TWEF, €2T Fald, fEROPEARL —F— OB EL I L. LIDAR O/ - fliFE bk, K3 X
Mb. S SIEERERCHAEDIN L2 WREIC T 27 P8 kL —— L LT, &) - Y — 2588
BEmTEEZR 7+ b=y 7R L —— Y Off%E - B EZITo T E 9,

T+ b 7R L—— (W14) . F/ Ar—VoRENEZEO 7+ b=y Z7HmE L —F—

RS LCHEHT A 2 LT REMICATF T It — L ¥ FEIELSTRE TS, D720, Bl (K
EE%%)Tk%wﬁ—A%E%%ﬁf%émﬁﬁbf&w EHADE =22 f5b 2 EHETT Y,
BI212id, ZoX) eI pE LT s hzv—2%, Ly X5 2 &% RBHEERE
BT ERLE T HEOZOITR L2l O P8R L — 3 — Tl B HEE 2 (kL2720 ce—
IBRELIEN>TLEIDIIH LT, 74 by 7BV ——Tld, E—2F LA SLZ L
BB L 30m E V) mAFICBWT LD Sem BEDOHF VWY — AR TETCVWET, Thid. 7+
v 7L —F—ZHVHZ LT, AL Y ARZLELE LW - iR v AT AL 5T,
RO S0 ERE 2 MBS S L 2 BKR L £ 3 312iE. AL —HF—%2#WL 72 LIDAR
THWT, EEIZ)TVI A LA TOUHEEZT 72k FO—BlZ/RLE T, AMID, ZADAW A, B
FCTOHEER, FERIRTTORHRTRED, ML IHIONTVAZ EBNERTHNE T, /2. 74 b
=y 7R L= —12E, Yo XD RENREBICMZ T, e iz 2 ofm (21X, EX
B2 RICE =L EE? R, ¥ T7F 2 BOE/ V2L 2 &) dWEERD, 5K 5% 5/NULRE
PEre b, BRREEILOFEIICEDR > T 2RI T T,
2Z @k [1] M. Yoshida, S. Noda, et al., Nat. Mater. 18, 121 (2019). [2] R. Sakata, S. Noda, et al,, Nat.
Commun. 11, 3487 (2020). [3] &AM, ¥FHAh, 2 81 B PRS- Sk A 2, 10p-Z18-14 (2020).
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TEMENF T LEBAL X AFREICKDEE 1/4 BRIROER

AT ) TIVIFEBIEOWREIH LT/ SwWATLHEEOEEARZR L, Azt L
HAROWECTRFEHUTE LI ) RBR2EHITLIIDE LTHEAIN TV S, 2RI 2REZ D
AZ T ) TIVIIHFIC A ¥ Rl & TN, BREEOEHERERCHER LRIV VR T CEITE
HIENLIA 7 ONHEIR T TILWS B THAPEA TS, £L T, XY REICEZERZH
FAihte & & THYED BT RE R BN X & REOMZE L EEREX (HERL TV 5,

AWFFEE Tl A ¥ RE ORI Z BRIHIEH T 5 2 & TEBEORLZBEET A A ¥ REIZHEH L.
T TNV PN T HEN 1/4 PR Z IR CTHEIT 5 HiEIZODO W TR E T o720 A & KT OB
#M (a) IRL7ze 202 WIS ISR & AP SRR S N5 TP I 408 KEE &
FRIREE DY) O B 2 AT RE e W) TRERK S L5 o WA SR IREE D35 & 0 2 & K O R % [F X (b)
2 @ERBOLEOMEZFM (¢) ISRT. IS DREIX, &R EMiiBae ANE 2 T 90 R
MEELZETHRLEVHINHEZ DD, TOL ) &I LT &t (EEREE KBRS
X3 5 EEFIIEBERED 5 (1] K (b) OREEDSEZMmICITH L CTEm=E035 L <. AAHZ2Y90 B
THhHLEITE, (¢) OMEOEMED KWL TEL L, MMHEIZR (b) OW&HEHmT 5, I,
X (b) OffEd () OWED 1/4WEMD X 5 ITH &, Z ol & Billddifiml Tnwbsb I 2R LT
Wb, 2F D, K (a) ®XFEREIKH LT, TEKPKEOREAZY Y FH2 52 LT, 819 1/4 BEK
FEBTELILEZERLTN S,

CDAFRMZ T ITNINVYHEBCERT L2012, WERPUEE LT b+ Iy A2 FIH L7
TN F V7 AL 65 ERi AT
Mgtk - SRER R TWET (b) I
HY., AR TIET I AV P
5 XL OHRA, BTk L vz
ARE UCHBET B0 TR L723%
ToeEKEZK (d) ITRL. £
DA F RFOWKX % (e) 1278 T o
SR/EBETIVI = ATHR S y

TWh, ZOX¥EHEKIZIZE
AT I AU HETT, EREIM > TR

WX BMBTZBILNF V7 20 @

MR %23 2§ 2 LT ©
2. HENICT o EmeE s B (@) X AREOEE (b) AEERESEZI N TOBRE (o
S AUy B A 1 AT AZERESLBEL 7-1REE (d) TFD2MEFE (6) X FFXEDIHL
/4 WERE L TRfEL T

HTEREIELZ, TOX YK

EHIAFZE (2] (S O b AT b TB 0. 42 15D O IR IREMEA T HEIZ 72 5 72 [3]o

2R

SE K

[1] Y. Nakata, Y. Urade, K. Okimura, T. Nakanishi, F. Miyamaru, M. W. Takeda, and M. Kitano, Phys.
Rev. Appl. 6, 044022 (2016).

[2] Y. Nakata, K. Fukawa, T. Nakanishi, Y. Urade, K. Okimura, and F. Miyamaru, Phys. Rev. Appl. 11,
044008 (2019).

[3] T. Nakanishi, Y. Nakata, Y. Urade, and K. Okimura, Appl. Phys. Lett. 117, 091102 (2020).
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[U—EXF A2 TICET3REXY N7 —VREEEES LURBBRREETTIV]

KARIFZEZREIL, A= T+ YRIOT TNA A, T—=F ¥ —, 7578, BIUOKA LT 7)Y r—
VarvEMEERL. T BAAICH 0 TRERRAETE S L9 %, Sl BEE. FREE
Fehfiz =0y VT =27 OMEFEEZT> T b, ARTIE, MIEEINEYy 7D 1DOTHEH—EAF =
4 =2 72OV THAT 5 [1H3

T7 AT+ =Ny b7 4 VFY) V7, BiliREfbEFEE Vo7 h Yy b= R E . LY —
N ETCTEMEST A Ay b7 — 7 fE (VNF: Virtual network function) & U TZEE$ 5 OMF5EH
BAHERIATONT WS, ERFHDON—F 7 2 7 TEEIN TV Ay NI — B2V 7 by 27
ELTEBTAIEIZED, "= FY 27 OREIAMOHIRRL, v T —27 OFEEHG UM
REDFEE, FREEDE S 70380 - HIBREZEHT 5,

P—EAF A4 =271, VNFO#EHZ Ly b7 —27 ETHEL, TEORy hT—2 -V 2%
=PI T L TETH DL, K- THO Iy 7k, 2—HFPER L/ VNF 2 EDNEFE T
T A EHICHHEND KIS —ERAF 24 =¥ ZI2BI1T 5 VNFEEB X ORI E OB 2 Rd
KARMGERE Tld, B —EADEREM 2R L0 5, EERRERHARISEOLA Y VY -2 &%
R L. o —E A0 2tz EZHT 57200 - X F =4 Y OGHE ) B TET
VO EIT-> T\ b,

—HOMEOVNFIZK2D L H I Ty Z2%l@dT 2T 2 ANBZTH tshsty hU—
7Y —UCADOWRBICKRELWEN LW LM EN TS, /2, K3DLHITH—EAF A D
BHHEHEZBML, OB LRV —T2HARTHIET, HHOY—EXF 24 VM TVNF 23T
XDLWHEENEE %o [1]1 B L [2] Tid. VNF DI & BEEEHHR oM 2 &AM L 72T VIZONWT
B, V7B X VNF BLEIC2 5 3 A b Zi/MEd 2 BEEIEm R E E L CERILL 72,
F72, KRBBZMETO EHMNICHZES 72012, FIAEREZFH LR T VIY) XA 2K
L7

B8] Tix. A v M7 —27 FICEE S NG EREHROFHWRRMICEOSWT, $y—EXAF 4 VD
LR F T BE R A I A L3 A VNF B EFIVICOWTHE L7 BEZEMT7T L ITY A% R— 2121
TR TREEMIE L T2, RFFEDSEE LT, G IHORF T RER M IS A M2 H 5
FVFR.HOENPLDVNFDONy 77 v TRER L TBL I ENFWEER T FY FIZOVWTHMEZ21T-
TWwh,

[1] N. Hyodo, T. Sato, R. Shinkuma, and E. Oki, “Virtual Network Function Placement for Service
Chaining by Relaxing Visit Order and Non-Loop Constraints,” IEEE Access, vol. 7, pp. 165399-
165410, Aug. 2019.

[2] T. Sato, A. Kikuchi, R. Shinkuma, and E. Oki, “Column Generation Based Algorithm for Service
Chaining Relaxing Visit Order and Routing Constraints,” IEEE GLOBECOM, Dec. 2020.

[3] R. Kang, F. He, T. Sato, and E. Oki, “Virtual Network Function Allocation to Maximize Continuous
Available Time of Service Function Chains with Availability Schedule,” IEEE Transactions on
Network and Service Management (to be published).
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[ (Ring-) LWE ICE S MEFSIERREXBRITEET7 -7 7 F v DIRE]

w RIS T 2 M OFIEIC X 0 FR K E R E e O B 2 EBAE)L KA S Tw b
Brg 7T XLDHLE o T BENRENBHEN LR TRITZ L) IR ) D0H b, 2D,
BEOW 5 D% {13455 20 SERETREMN L DbNE ZEDRBREENTVWE, ZhEZITT, KED
] N7 A e B AR A SR T ST e TR H LRI S 7 OV T ) X A ofEH L ICI i O TB ) . ZOEMD
—2 & LT Learning with Errors (LWE) FJEIZIEDKKEZ TV TY ZLABENHEINT WD, LHF
RETIE, INOMETFHERES 7T LVIT) ZADN—FY 2 7BL V7 by = 7EEIZOWTHIZE
2o TWwWhb,

M1, 21&. LWE X—= 208535 TH 5 Frodo ANFICHRE L 2 FH R 7 —F 7 7 F ¥ Filianore
Td 5 [1], Filanore Tid. LWE TEAIT SN A FEH TIEIEEIFIT/NSI W LIEH LT, TEREZM
BHIMESLVFTLIH 2HOATEIRLTWS, ZHIZKY), @ik BB ILPEBTE %,

¥7:., LWE MEOMMETH 5 ring-LWE % JLE L 3 2 #2555 X NewHope[2] I, K312
Ry et 2E R-Filianore 2% L72. 21, NewHope (2B W THICEM DK X WILBLTH 2 Fam i
EEHERDEV 25— FEBEBLIOMELZ 1 ODEY 2 — VTETURELTERE o TWh, MG
CCAHBIOE Y MESIR/ARE 2D X ICHHAN=FY 27 & LTHEETLHIEIZL), AT
WO ZWHEIZL TWh, MA T, WETET SN EREEYETMEEL Yy bY 7 MZX D FEHR
LTHBY, AT A bOHIICEIRT o

S 512, NewHope [T OFEHIEOR#ELEZ TV, FREERRORELZZLH TS5 2 L T HOEH
Bt EHT LAWK HA T —F 7 7 F X 2RELLB 2OT—FF727FxTld. AHBX
OWHEREZOE Y MEOBME G EH 212, FREENEOKEEHEA T v 7HEHIBTE %,

INLOHET—F 77 F ¥y 2 HVAIT LT, —HOBLHIIZB W CHBERTHET 5T 4V
F—oHR L. ZOmBEHAEDOM/NE FFFIZEHRL TWwb,

SE XM

[1] S. Bian, M. Hiromoto and T. Sato, “Filianore: Better multiplier architectures for LWE-based post-
quantum key exchange,” in Proc. Design Automation Conference, June 2019.

[2] E. Alkim, Leo Ducas, T. Poppelmann, and P. Schwabe, “Post-quantum key exchange - a new
hope,” in Proc. Usenix Security symposium, 2016.

[3] T. Ono, S. Bian and T.Sato, “Improved multiplier architecture on ASIC for RLWE-based key
exchange,” in Proc. Workshop on Synthesis and System Integration of Mixed Information Technologies, Oct. 2019.
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ANy (Fx 527 %) 2L 5BERGEMEEBITIE - €747 — 2 DR NN=F X V) 7 7 4 ¥ —
AR ETEL DI H S, SNEFTOFETIE, TEVAML—FOHEEE—Ta Iy 7 Fx
FHIIL, ZIICH DX T A= a UIMEREND Z e EDo720 LALZOFHIIT—2 13 T7E Y A
ML= OBERE (FAYT 427 A) IHKELTWDL20, HMIZFEVA ML —0EH 2 F v 5
7 ZIHH SR A2 TR, BRZEEOERIITETYH, Fv 927 I TOREOELIERTE &
W ok o Tniz,

COMEIZHIBT 5720, T 27 5 OiEH)
EFNVEFEVA ML=V OBE (E—Y 3~
FxFFXEH) F-rERETAIET, H
RBREERER LoD, v T 7 ¥ HMOREE
BIZTENZ M2 D4 v T4 EEE R % B
B L7ze ZOBRIC, MoFEEFVE LTEE
s c&zFilla—F (BRE~AL 2%H)
PEFTHEY 2 —VRIT—FF 7 F v 2%
Lo chzs B L, Fx T I ONIINED @y e r e X b L— S0 ERET
5% x5 7 7 OEVEREIS Uz Pl 2391 7 2 % Provider. ¥ ¥ 57 4 DHHRES SET 3
SO (FEYA ML= OHE) I2—HT Bundle £ Zh 5 DEVERINT B Matcher 5 % 3
5L 912, WEBIREEB L BT IS8T X =&
T4 THEHEND (K1),

RETFHELZ, A7rVvibrEFvELTENME
ENT=F Y T 7 7 OEEARIIGH L7z (X 2),
2 DX ¥ I 7 VIILZHHETHY., FoF >
57 S MEAOBENM 2 AT 5. Bl ZIEK 204
B) Tk ABIOBATIES) & RS % B A K
MTETWVDLD, TOF X T 7 70D O 1
WEAZITAYE, TEVAML—FIIREBL T 0 N
WwiznZ kf*%ﬁ@f:{)@f—ﬁb:aiéi ni —_— g
WVIZHBD ST, F v T2 5T oRELE > -
fEd 28T BRRBEREEISERTE 2, K2 : fRFEHICLVER SN EEOH
T/, BV 2 WVROT7T—-FT7F v T52
ORI 2 SEBHLAL O X DN HIREALDSTTREE 2 ) AR B W VT4 VB AT & B BUE,
COTEERESE, FEVAMN =S THE28WOEBEZ ATY (0Ky ) OEHEET L0
D% LS TH 5o T DMDOBEA R (1) 1220 Tid youtube 12 L TW B D THBI S Mz,
https://www.youtube.com/watch?v=Ytd1dPMg94o&t=201s
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[ 72 XYEAUADICH T BEREEDEDHEKEFMICEET 255

MR CTIIES M CAOBEIR T 7 X<, & ICxBEEZ -2V =5 A7 A<D LA
WCBLTHER - Y32 b= 3y EEBREIT OO TwE 3,

Lk, A== Ea—FZHVTITORTWAERTI AHLADIZBIT A ELEBE I
BWFFRIZOWTHMALE T,

BWESICE VB LA ONEIR T I AIZBWTIE, DTOBRIC L ) wimassE L4, mly
P LAOKRMEHFTIE N —F A7 7 A0 (F) 22D, —F 77 A~ RMIKRE %%
DT, MOWIREABRZH D T3, LT, BHICLVHLAD SN T T A< A > TEIIHE)
WTW3 L) BIRBIZHZ2OT, PRI T, COFMIIRNIZFTIELMERBHL, 79X~
FELEIRAEIC 2D 3, M1k, A==y V¥ a— ¥ 2GR0 EHEREZRLZDDOT, K
MEFESFRWPBHNTL 2R LET, TORLIRICE D FLHOBDIEF L (L% & FHE
NE9), 7I9AXHLADOEAL»RI Y £9. —F, WHICHLAD LN T T A< 13/ 2B
L2 HEWIDEERLET. K1 Th—=F ZAWMIBVTRDROBEMRIHNLTWE 2 L1E, 20
HEWNZMEEEEZERLE T, CoMELHETs 2 212X, SLmE IR OAEZF T, B
BT EOTH D OBAE LS v X
I Ly TIAXOMULADERL
THZ VRN TET,

ZD L) BREGRIC K B BdRED T
T A EIMEAF L, EELWIET —
e oTWwET, ¥R L, Al
ERBEITDIZIETIATDEN
LA SELLELED DL H T,
kIF, TIAREHND EHE LD
WG IREI AR 22 D xR AR S
TAREEDPLEELS N, TG
ALtk b Mz ons LEz 60T
WE L7z, Txlx, 7I9AXARENOD
EHE L L ICH UiAD Y O i)
ZALTAHZELICHEHL, ZoRE%
WY ANT, A—/—T s F¥a1—%
VT, BLROFHEEITVWE L,
T ORER WML X 0 B
REALE L, SLiikiziz on
W ERHSLMILELZ (1, &
N, 779 A~ENO LR L EBHIC
WHRE S EE L. Hir kI FAR
RN DR ALK R IH S 5 &
& HITELIE 2 # 2 A H TSR 15T K
LIHNENLE Z EPFEKNTH L Z &
ZREIEDFE L
[1] A. Ishizawa, D. Urano, Y.
Nakamura, S. Maeyama, and T.-H.

M1 WBBUADTSXTCHBER BERF S v facyama
BE). LB RRLES EIUAOESTRELL LEH) | ownabe Physical Review Letters,
0.4%. B : BRILES 0.8%. TB : BHALES 1.2%, 025003 (2019).
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[v4 - 70KZFALEBRET 7 X~ THO MHD REREMDINH ]

AWFFER TIE, AR - & BIA OM B 2 SR - SREUCHIET 2 2 212k b, 21 fhido A
PN WRERELZ L -5 TG UiAD 7 7 A A OB 2 DO THWE§, FFIZ, ¥4 70
W B A 7 a b o 3Rz - EHEEE) (ECH/ECCD) 12X % &7 7 A< DA - gk -
EITERE), AN (MHD) ANZEkoilicma. KEA + Y iEE2 w7 pi v —a A
BHC X A EEET 7 A< OER - Hl#H, BLXOH UADYGEEICHTA2MELZEDTVE T,

BRBET 7 A= Tldy HOHAKT 7 A RFFOBIE M O FEAFE - ZFARFEBRERISIZ LD AR SR
72TV T 7R ORI UADDPLEE SNTWET, 352MeV DLANF—2HFT LT VT 7T
BETEOHEICLAZMERBETT VY = VHELFRBRELRD, KIIWRT IS, ¥ 77V T
W7o & MHD AL @Mk & AR 2RI LEd. S OB EERIIEILEIC T VT 7 kT
DRFEHREEGERIT720, HCHKT I ARFEPNEIC L 720, BtV F—RFHEEICLD
TIAIRAERPEGE L TCLE 5720 T8N 0H ) 3, 20720, JLIBIH EAEH O W) BEEAE %
B, Z5PICEZ ANV F R ORERE - HEOEIEAKD SN TWE 9§, MHD ALEMED R -
BRI D 7 — ) T AT MVREHEEMR D50 &\ o 7GR KA 5 7280, Heliotron J %
BEIZBWTMHD REEMEOREL L WERFEOMH~ HIF L 22O T E 3 [1], 70 GHz
ECCD 2L > TNBI 75 X< 3kA FEED 1 £ ¥ )VTEH & BEE) L 7285 %, MHD Rea 2 %t
TELREPE ST L7z, Heliotron J MR Y TEAMTH V). BIRERENZ L > THA Y THEDb S
TEDL, YTTNT 2 Y ARY PVTOERREDPRKEL 25 I ENPRELRENTT, —J. ECH
AR — A ME T 7 A< ICEM L 723546 Tl K2 1087 X 9 I8E— FORBEIREIZILT 54
EFoNTE Lz, —BMICECH IZ X 2B LA CTEM#A 4 VEIIEEENT 5 72 DR 8h iR B 131
M35 LEZHNFETHEZRTE, ZEfboEAP RSN TWE T, BHIE, CIEMAT (AL V), %V
JATT YT AYEMEE (N4 ), EEEREsel (HA) & oEBILFEDZEZ7v, %
BRI > TEOWIHEEZH O 2T 20582 DTV T 5,

(1] EBFEfp, fil, [0y =27 L ¥ a— Heliotron ] 8], 77 A~ - & 7555 96 (2020) 475
[2] S. Yamamoto, et al., “Effect of ECH/ECCD on energetic-particle-driven MHD modes in helical
plasmas”, Nucl. Fusion 60 (2020) 066018
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[FE=i LEOEMHELETFHEBORH]

AL EF TOBEELHE H V- EHEE 2% 7% (Total Electron Content; TEC) DI FH:0
BZEIRIIC O W TS 5, BIIZ T 7 A< HICBWTEZHIZH L CEEOMAHEEIZHL 2, —
HCHHEEIIMET 5. ZOZALOREE X WEE D RIS ILBIT 5720, [F UREICEBO B kB o
BRI S & TOMMHED 5 CITEFWEOEWEEZWET S 2 LIZX > T TECHMETE %,

CoOBMTEZ. ALHREORMYA»SEIHINTE BRSO TH )5, BEEEE T HEDOK
PHEEE KDL ECTEBIECBWTHHENTH S, Bz X Rl - KHEOBEMBICHEAE T L2/ET T
A< 37 ) (Equatorial Plasma Bubble. EPB & B&iE) 13 b BWEBEFELOONEDTH L2, Z0
MZEICIEH SN T 5, EPB 3. BAIREM IO H 3% OEEEE THICAE U BB T LA ) —-
T—=F—AREEBIZE > TR LGS EET km L EF TEEICIERT 2R TH ). KEBIGENE DG
BN ART 5, BRIEICDIo TSN TE 72, EPB 2% 3 5 [Fi] 2K T, HAZHOT
AT E 2V,

FaDPE L CEBNTFLEL 200N T4, TTOEDOHIE, WEL2OMETITO 2K -0
BITH 5o HEHD 512 150MHz & 400MHz TREMPEBILAIEME 38 8 DEEWAFIH SN T &7z, A
13,2007 SES AP HEPOLOBER BT 5T 14 ¥ ¥ VEH GNU Radio Beacon Receiver (GRBR)
ZBZLTE7, GRBROBIMEZ 7 Y7 - 77V WIZERTAZ & T, #REMNTOEREEIZHE DN
EHE km O KBRS ET S L X12, EPB ORSAHESHE KT L5088 2HTW5,

2019 4R 121X L v # B FORMOSAT-7/COSMIC-2 (6 ## %) 24 H EWF S, #7212
401MHz/966MHz OB 2 H\ 72 2JHpEC— 3 Y BRNASBIE S 7z A IZ ZISRISE LT H LT 4
U V28 GRBR2 Z I L TWwWb, BHlNE, 20194E9 ADSIET > THY, M1IRT LI,
NFETHIA 2P0 XM FLLI20 4 Y FAYT 12O EZFETE, T TIZ1LEBM EICbS
TENT—72ERELTWw5b, 2121%, 20194 12 A 26 HICWHE 7 V7 22 L7 HEROE
THEEORLOBUREREZRT . HEDOHIHT, BIHIZHLTI0ON—t Y NMEEOBETHEOKTH
HHIENbIoT,

12, GNSS (Global Navigation Satellite System., # A2 F ) GPS & ZDHBL Y X 5 2 DHFR)
% M7z TEC Bl (LUFTid, GNSS-TEC Bi#l) 122w TN %o GNSS-TEC Bl iZ A TIL <
FERENTWD, EHIKE - HE-TY7 -EUICE o> THRL S GNSS #EBOBRMHAIEATEY .,
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[ Architecture design for high efficient perovskite solar cells]
(BHENXOATZIAHM PRGEMD-HDBET V1 > ICEAT 5HR)
SHTEI A 24 HEE

Hybrid organic/inorganic metal halide perovskite solar cells (PSCs) have emerged widespread
attentions and interesting because of the unprecedented progress of power conversion efficiency
(PCE), which has been regarded as a most-promising for next-generation photovoltaics. Although the
rapid development on PCE, the stability of PSCs is still far behind the industrial application
requirement and the single-time utilization of metal electrode also increase the fabrication cost of
perovskite-photovoltaics, induce environmental pollution and resource waste. Hence, the SnO2 and
Cs-perovskite have been employed into planar PSCs as transport materials (ETM) and light
harvester to replace TiO2 and MAPbI3 perovskite. The stability and PCE have been significantly
enhanced on SnO2 based PSCs compared with that of the typical TiO2 based PSCs. The low
temperature fabrication process of SnO2 has been also introduced into flexible PSCs (fPSCs). The
fPSCs using SnO2 as ETM could achieve a high PCE of 17.1% with an ignorable hysteresis, sustaining
an excellent bending durability of 76.5% even after 2000 bending cycles at bending radius of 4 mm
(Fig. 1 (a)). The improvement of bending durability should mainly come from superior bending
resistance of nanoparticle component of SnO2 ETM film, because the SnO2 nanoparticle can release
the bending stress.

The excessive Pblz of Cs-perovskite precursor has severely limited the PCE and stability of PSCs,
even though the excessive Pblz contribute to form large crystal size perovskite. Thus, the second
solution growth process (SSGP) has been employed into the perovskite crystal growth to eliminate
the excessive Pbls and maintain the large crystal size. The PCE of SSGP PSCs has promoted to 21.6%
with a negligible hysteresis, and kept a much better stability at continuous light soaking and thermal
treatment conditions. The SSGP PSCs have also realized a high PCE of 20.1% on large active area of
1.0 cm? with comparable high fill factor of records.

The single-time utilization of metal electrode fabricated by complicated deposition process of high
vacuum thermal evaporation, which increases the fabrication cost of PSCs and wastes resource, and
also causes ecological environmental pollution and hinders commercial application at the same time.
Thus, the nanoporous Au film fabricated by simple and directly transfer process has been introduced
into the PSCs. The nanoprous Au-PSCs achieve a high PCE of 19.0% with a small hysteresis.
Moreover, the nanoporous Au film can realize more than 12 times reusing for the PSCs with a little
reduction of PCE (Fig. 1 (b)). The nanoporous Au film has also employed into fPSCs and obtained a
high PCE of 17.3% with an excellent bending durability of 98.5% even after 1000 bending cycles at a
bending radius of 5

mm.
Improving the 20 ' . ' ' ' K 1
. 20' b nd
photovoltaic E —e—Forward § i
< 15| —®—Reverse e gt "
performance of PSCs £ [ =—Dark Forward £ 15l |4
by an approach of >10| —¢ Dark Reverse P N
architecture design @ FF PCE § 10 & | fs,.h
by varying the § 728 17.1 8 Reuse 2 \ g
stacking = 731 17.0 £ 5 . ] ?C
configuration, = = w 11t
passivation, and o - O . , . . 12t
material innovation 00 02 04 06 08 10 1.2 8,0 02 04 06 08 1.0
paves a potential way Voltage (V) Voltage (V)

tOW%rd ?ts commercial gig 1(a3) Performance of developed flexible PSCs (fPSCs), (b)
application. Demonstration of concept of recycle-utilization of metal electrode for PSCs.
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[Study on transport and conversion of ac and dc spin current generated by
magnetization dynamics]
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[ Polar-Plane-Free Faceted InGaN-LEDs toward Highly Radiative Polychromatic Emitters]
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[Modeling and Analysis of Interactions in Wireless Resource Allocation]
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[Development of Software-Defined Multichannel Receiver for Equatorial
Atmosphere Radar (EAR) |
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Equatorial Atmosphere Radar (EAR) is a very high frequency (VHF) Doppler radar operated with
an active phased-array antenna system, approximately 110 m in diameter which consists of 560 three-
element Yagi antennas, located at the equator in Kototabang, West Sumatra, Indonesia (0.20°S,
100.32°E). The array antenna is divided into 24 groups where each group consists of 24 antennas
except for eight groups along the periphery which contain one to three fewer antennas. These
design is purposely constructed to produce a quasi-circular array pattern. The EAR had originally
been equipped with a single receiving channel system. This research presents development of a
multichannel receiver system for the EAR using a combination of the Universal Software Radio
Peripheral X300 (USRP X300) and GNU Radio software. There are a number of advantages to have
multichannel receiver system such as to enable spaced-antenna (SA) method and spatial domain
interferometry.

First test observation was conducted on November 2017 to analyze the system reliability, followed
with subsequent tests in March and July 2018. The configuration of the test observation is shown in
Figure 1. Two USRP X300 devices, corresponding to four receiving channels, were synchronized
using 10 MHz reference clocks and a pulse per second (1 PPS) signal. The standard observation
system of the EAR is retained by splitting the received echo signals through directional coupler
which enabled simultaneous observation of the two different techniques, SA and Doppler beam
swinging (DBS). Each receiving antennas for the EAR SA method formed by a combination of two
antenna array groups (aperture size is approximately one twelfth of the whole EAR). The signal for
SA application is fed to the USRP X300s for digital conversion, and then stored on a Hard Disk Drive
(HDD). The ranging of the data is carried out by taking advantage of the leaked transmitted pulse,
before demodulated and coherently integrated. The initial results show the existence of noticeable
fluctuations in the estimated horizontal wind.

Further, performance analysis using

multiple receiving antennas orientation for .

the application of SA method on the EAR has y-axis A

been carried out through multiple p A
experiments over the duration between April !

2019 and September 2019. Phase correction is L o L
applied to all channels for a single spectrum : . s s

in the real time signal processing for : -

improving the phase synchronization. Then, a ' ’ ||

comparison of the EAR SA performance Divider and

using five different orientations taking into s Combiner

consideration the aperture size of receiving Attenuator N

antenna and its separation distance has been CPL-OUT

presented, where the horizontal wind profiles prectional QYT E;Zt;g
using Full Correlation Analysis (FCA) were Bandpass | |CPLN Coupler
estimated and compared with the EAR (47iﬁ|;e|:nnz) o

standard observation data. Based on the ‘_ _ P —
results, the configuration with the largest o anm mpiter s s

aperture shows slight advantage over the
other four configurations but with limited Figure 1. The configuration of the EAR multichannel
improvement. receiver for test observation.
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[Single-lon Spectroscopy of Two Electric Quadrupole Transitions in Ytterbium lon
and Excess Micromotion Minimization]
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[Study on Novel Rectifiers for Microwave Wireless Power Transfer System|
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[Mathematical Model of Glucose-Insulin Metabolism and Model Predictive Glycemic
Control for Critically Il Patients Considering Time Variability of Insulin Sensitivity |
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[Reliable Resource Allocation Models in Network Virtualization
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Network virtualization has been introduced as a key role in the next-generation networking
paradigm to fend off the ossification of traditional networks. By leveraging the technologies of
computer virtualization, network function virtualization, and software-defined networking, a platform
with network virtualization provides virtualized resources of computing, functionality, and
networking to users in a dynamic manner. While network virtualization leads to a more flexible and
efficient network, it brings challenges for network management, one of which is how to efficiently
allocate resources with satisfying different requirements. In addition, as the adaptation of network
virtualization in different application archetypes is an increasing trend, the reliability of an
environment with network virtualization has become a major concern. Resource allocation with
protection strategies dealing with the reliability issue is an essential requirement for network
virtualization. This thesis studies five specific problems about reliable resource allocation in network
virtualization, each of which focuses on a typical application scenario.

Firstly, this thesis proposes a primary and backup resource allocation model that provides a
probabilistic protection guarantee for virtual machines against multiple failures of physical machines
in a cloud provider to minimize the required total capacity. The probability that the protection
provided by a physical machine does not succeed is guaranteed within a given number. Providing
the probabilistic protection can reduce the required backup capacity by allowing backup resource
sharing, but it leads to a nonlinear programing problem in a general-capacity case against multiple
failures. This work applies robust optimization with extensive mathematical operations to formulate
the resource allocation problem as a mixed integer linear programming problem, where capacity
fragmentation is suppressed. Secondly, this thesis proposes a backup computing and transmission
resource allocation model for virtual networks with the probabilistic protection against multiple
facility node failures. Thirdly, this proposes a backup resource allocation model for middleboxes with
considering both failure probabilities of network functions and backup servers. This work aims to
find an assignment of backup servers to functions where the worst weighted unavailability is
minimized. This work develops three heuristic algorithms with polynomial time complexity to solve
the problem. This work analyzes the approximation performances of different heuristic algorithms
with providing several lower and upper bounds. Fourthly, this thesis proposes an unavailability-
aware backup allocation model with the shared protection to minimize the maximum unavailability
among functions. Fifthly, this thesis proposes a master and slave controller assignment model against
multiple controller failures in software-defined networks with considering propagation latency
between switches and controllers. Given assigned controllers for a switch, the master controller in
each failure case is automatically specified based on a low latency first policy. This work proves that
the adopted policy achieves the optimal objectives for considered problems.

The five proposed models studied five typical application scenarios of network virtualization with
considering the corresponding properties, respectively. This work provides different approaches with
theoretical analyses in each model. A network operator or service provider can select appropriate
models with suitable approaches according to the specific requirements to achieve a flexible, cost-
effective, and dependable network virtualization environment.
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[ Analysis and Modeling of Machine Operation Tasks using Egocentric Vision]
(TdE> MUY PED a>EAVEBRBEA X IO - —ITEBIMREETV )
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The purpose of this research is to support the operational behaviors of ordinary users, especially in
daily machine operational tasks. Home or office devices commonly appear in our everyday lives, such
as a printer, rice cooker, coffee maker, sewing machine, DIY tools, and automobiles. First-time users,
typically elderly people, usually need a guide on how to deal with those equipments; even for the
most experienced users, a good guide can help save their physical energy and reduce their mental
workload.

Evolving from textbook manuals and video tutorials, intelligent guidance systems with Augmented
Reality (AR) have recently been developed to efficiently support users in these tasks, aiming at
providing help on both knowledge perception and skill development of operators. In order to meet
various user needs in rapidly changing task conditions, an effective guidance system should (i)
provide a diversity of guidance patterns that is compatible with a sufficient variety of possible users
and (ii) support what is needed by situational awareness during the task execution process. For
instance, novices may require step-by-step instructions and a detailed explanation; concerning
intermediate level users, it may be reasonable to offer more advanced ways of instructions; while
professionals may seek to customize guidance according to their own ways.

To address these issues, we aimed at learning an extensive task model from a diversity of users
and analyze the characteristics of their behaviors with different skill levels. We first introduced a
novel approach for unsupervised hotspot detection from egocentric RGB-D experiences. The purpose
1s to use hotspots as key clues for workflow detection and experience summarization. Modeling the
tasks was achieved by temporal interactions using a probabilistic model (HMM). We then focused on
developing a framework for integrating multiple users’ experiences into a unified operation model.
Beginners’ operational behaviors can provide valuable insights to provide detailed information about
handling difficult task situations, confirmation of results, and common errors. A novel two-step
aggregation framework is proposed to align and integrate experts and beginners experiences into
an extensive task model. At last, we use fine-grained visual features based on the user’s hotspot,
head, hand, and gaze (H?G) for explicitly analyzing their operational behaviors with different skills,
knowledge levels, and interpersonal differences. We observed significant behavioral changes due to
continuous skill improvement. Automatically integrating different operating habits allows developing
a rich, inclusive task model that could flexibly adapt to various user-specific behavior patterns.

In conclusion, we offered new insight into the field of supporting daily machine operations. We
explored novel solutions of capturing experiences with machines and how these can be described,
modeled, and used.

Unified Model

° e o

Baseline Model

I{}j Integrate 4 M

Align o

® Experts o
® Novices e ®

Figure 1: Recording and integration of operational experiences through egocentric vision.
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My name is Hongjie Xu from Onodera Laboratory and my research interest is energy-efficient
memory architecture. The hardware architecture optimization is usually not enough to solve the
energy issue in deep learning. Therefore, I participate in the WISE Program, Innovation of Advanced
Photonic and Electronic Devices since the WISE Program emphasizes that students should have an
interdisciplinary and international perspective.

Through the relevant courses of the WISE Program and the help of Shiomi Sensei, I learned a lot
about the research progress of other research fields. Learning the latest progress about the emerging
memory materials brought me a new research topic, which is to use different kinds of memory
materials to design hybrid memory structures to make full use of the advantages of different
materials. Therefore, the interdisciplinary vision has effectively promoted my research progress.
Following this interdisciplinary mode of thinking, I further combined the research in the memory
field with the processing requirements from deep neural network. It further produced several
interesting research topics. With the help of Onodera Sensei, I have the honor to cooperate with one
relevant research team abroad as Field Practice in WISE Program. By colliding with people with
different research backgrounds, interesting research topics have been further produced.

New research and topics are usually produced in the collision of different disciplines and different
thinking. The WISE Program provides a suitable “collision” platform. I believe that I will continue to
benefit from the thinking mode I learned in the WISE Program.
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(V. Kaajakari et al., “A 32.768 kHz MEMS resonator with +/-20 ppm tolerance in 0.9 mm x 0.6 mm
chip scale package” , IEEE IFCS -EFTF, pp. 1-4, 2019)
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