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5 5 AR IERREAE (5G) ISHHIE L 72 #E i K23 KBEF v ) 7208 SN ENT D WE w56 % —
EADPIBE 5720 ENF XYY 7ICX55GH - A 7oORTiE, 2020 4 12 AERSN T, 4G —E X
P EEFIHCTREAIN TV DI L.5GH —E ALY TIFEFICHEN L 2o Twb, 5% M54
2 ) 7 2R L 2021 4 5 AR CHROERICIA B L. 2023 4FBEIC B 97% % Hig 951 & 722 > T
W5 (1. 2l 4G MEO@EY — C ABRBEDIEE I NS DX 2024 FFEHIZ R Y I - TR A o —
CARRINLE LEZON, RERBLALLEIATHA, T—F FF 714 v 7 OB,
Internet of Things EMHEN L L E DY T v 7 - BETINA ZADEH L Vo - HEGEET N 2 5
FAZ 5G WEICB T ARkam S ILZ 10 4ERI2 B4 F ) [3. 4] 2016 SFEHD SHERT RS & A 7 & O FE B AL e
HFE%E %% T 5 3rd Generation Partnership Project[5] (I TAMEAL L7z K 1ITRT & 9 IR EEEE
J 20Gbps. #fedin K% B 10° & /km?, BB Imsec 55 &, 4G TEREZ K & < RIH 5 BRI 2 PEREHEAE AT —
A —AIB L CERESNTW A [6], 2020 4EFExCORGH Y — ¥ 2 1E, FEMER E X 17z enhance
mobile broadband DAEARDO—FBIZHES b DTH O, 5 b HAftl Ak, FREIEIEA 3GPP IZ THkfE S 1L
TWwb,

5G TiX 4G ORI W% (kK 36GHz) %. FR1 (Frequency Rangel, 045GHz-6GHz. %7 6 & %
I:ix1 %) % FR2 (2425GHz-526GHz, I V%) \CETIIRL, Bk A (akHpE - BEAREN L2 M-
TWb, M2ICERMBICBTHHAIE STV SRR 2R [T FEOFHHIZX Y FHE
BT TN AHEODFRI BLU22HVAE L o Twb, 72, BEIZ FR3 (6-24GHz) R &
HIZFR2 & 1 &8\ 526-71GHZz FIH O b 3GPP IS T E > T\ b, ZOFMEBEROIRIE, K
HIR 7200 T S EEmm AR L Thk A BN SNEMR 2 255 L CB D, ITICFEEL (iR %,

Enhanced mobile broadband
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=
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2. 5GEFHImAICH (T DFREE

$76

U AR OMREIE, EE @R 7T X A MRS B - o, Shm gl - ol & s E R om Rickk o
TEEAL, 74 AT VLA A ZORELIZ X ) FEYER RSB > Twb, BFIoNA Y FAY—
F74 Y TlE FAATLATA R 6~TA4 VFIELTBY, TOF A ZPFKRIZA A=V HF—D
KEULRL ZEALIC X 2 Bf§pgaEm Lo KNy 79 — 12 X 2R ORISR TON TV S, lER
FEICEHT 5L, 4G CTIHBREAELADO, MIMORF XY )7 T 7Y r—va v%, #0777
FE AW LHMAEA SN, AT Wi-Fi % Bluetooth, GPS %5, ¥4 @ EREEICHILN T 5720,
U ARERNICEE S NS T v 7 FRMEH IC OMEM L7z, K 3-a llhiRICH W 55 AT 7
BRI 2R T, 550 %Z17T9) Base Band . 7V ¥ VG5 & T+ u /{554 & JHME A%
79 REICH#. L CHEEN 7 Fu 755 0HE4% 479 RFE Front End i (KIOBHRERN) 5 HK-> T
Who X3b 134G AKDOMBW e lfE 70y 7 2R LTE ) Bk 2 FMEEG @G H ISR %
72D, ZEHOT VT FRICHHCONTOLHTARTINS 8l 7 ¥ T FOREK T 2 W
GHA XD, BEMIMIEWERNTD AR— ZAFERPSREE o722 805, WEELTT VT
F % L —F - X ) ERO—EBIZIEEd 5 Laser Direct Structuring S8 A 7z (K 4) [9].
5GH 76 DEAICEY, WiKOY A XHFoh, Ehs T v FEEmE FEEGTSILRD 0T ~
T HREOHEE T ST, BEMEORTZHERIIZ>TED, ZOWKPEHL RoTwb,

IUH

I )P 1GHZ LAl (76 ek 100MHz) FIFIC & 0 E#T — ¥ mg Wi ch s —F. K
SRR X BARIRIERDEIN T 5 [10], TORKE LTHSIIRT T L—7 ¥ 7 F & HwCTEIEIK
SRR Z R, TR0 F IO AECIUFREEEZ1E 5 € — A7 + — 3 ¥ 7Bl & Al % Fl
MU TS ZE RdEfb s 5 =2 A7 7Y ¥ Z78MwS, 56 IV EANIFIEA SN TS [11], HIZ,
JE W% 30GHz L ETRIEED 10mm LT &% 0 7 v 57 & IC B OEEMEIRS b MH T X, HkE
e LIHRZMRZ 5720127 L—7 Y 7 F EMOEmIZ IC 2 FEETH2HEIREEIN TS, X 6-a
WCEBBHT7TL=T7 Y7 FOBl%RT, 7TL—=7 7 FERDOIF A ZHIF AN S WIEEHF TId, 32~128
RKOZEOT v 7 F ZERICHH L, WKL D@EEEZT> TV,
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Base BandBF RF ICEP RF Front End @

X 3-a #mKRAEEERER

PA: Power Amplifier

LNA: Low Noise Amplifier

SW: Switch, Ant: Antenna

Ti: 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

Parasitic Strip

Driven Strip

K4 L—Y—HET7>TFH O

—i BENAR=ZADBROEN DK TIET ¥ 7 F R A ANOHFBEFEICHRL L SHROT >
T EERRICHCTECT Y7 A2/ 2Ly, —BlE LTS N7 56 mAkIZIA < E
AENTVEINVET YT FTEY 2= NVE2K6bIIRTN2 Ix4T7 V=7 YT F2HTHH
Ammx23mm 4 ADEY 2=Vl o>THBY, WAOEFRMEIZH ) L) ICEINLTWE, I HER
WK E B E 5 2 5 T2 M OO Rl ZAnWRE 2 MR L 2250 et/ & o lfE 2179 729
2#%4®ﬁﬁ%y;—w%£¢WLMﬁ?é%¥#%D\7/7%%y;—»@$ﬂ%%*km$%
NI TVD, BFEHIMEIC EEEKRICERTL—7 7 F ERREZRATHEMICEESNRTEY, A, v
FRN) =T T EGEEK IC 121 40nm 7 ut 22X % Si#EM E Metal Oxide Semiconductor
(MOS) Transistor XHWHLNTWS (13l 7 ¥ T FEDPRONBU 27 ¥ 7T FFGF2155 2 L8 L
WK T, ERERE GHIEZ S X7 =T Y T OMRSER E O@EL) TNy T —DRbLE
WS 2 ECHRFICEEL 25> T2,

CHK 13 12 X i, MOS Transistor 237 —7 ¥ 7O H 71 5mW R2EE LK<, RERICER D ST —7
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EEEERE MmN

K 6-a EHBEI7Z>TFFEZ2—IOBM™M K6-b WEKAIVRTZ>TFEY 2—ILOF 12
(RERBINY FFL—=T27F. REAIIERODIC) (EFEARICHEITTIx4T7L—T2TFHRZ3B)

YT EACTHZHTVED, oL iEE AT I EEESRICHTAVEFELY) 72MRTE 20
TENLEREND, ) THRDOZZDIZEEO I ) HEEMFZ2EET L2 LIZHEEF ) 7 OoREAH
Pz, EOTIERET) 7OAD I ) EH—CRAZEBLENDSDH L. FIZ, NT—=T V7O
RIINy 7)) —DFLRRBICKEREEL G52 5720, MWHEMBROMLDREE 2> TV,
Dby 76 CRMO—ETH 27 v 7 F LR BT 2 M7 7+, I VKT
HEIZY TNy 7)) —ORLERO 72D DEERE ST — 7  THRREE 2o Twd, DT TR, E
WIRICHENT, 7Y FFFa—= v ZFHl & 8T — 7 ¥ THITAORHRL A % 5 & 0§ 5 Y = — DR A
& LB ISR L7z,

3. ProTFFFa—Z IEMEVI—DOREA

AGRF T 6T T 7T Ly =7 v 7+ THROREEE ) Tk L7 vy 7+ Fa—
SV THMBRESN TV D, Fa—=Z v ZEMIE M TIORTA Y E—=F Y AF 2 —= v 7L T/8—
Frx—F 2= T EWENDE FERD L, BiEEIOZITEEPORLF YRV IN I XL v FT
Yoz, 7Ty EERENEOREEZNL FEThHL, —H. BEEIA 57 32D B,
BRMWCT VT T REZAASELFETH S 14 IR HEBELHEISHLTT T Hf v E—F
YARBYNRE, BT 7RSS 5. SEHERTEEYNOBRRZLEL K- AL v FPHVS
NTWb, COZEFHRTELR— DAL v FPORDLF 22—V ZTHMIZEN 17 7+ TEEO R
BB T 22 L 2WHE L. 7Y T FDEAR—ZLE BRI E ST 5, £HR— AL v FIC
. BEEAL v FE L TEWERISRO S, F VEFOKPL, F 7ROFEER. F U F3F 7O
ERFEAGE E 70 B BORMERE R 723 720 8 K X £ v 5% Micro Electro Mechanical Systems A
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A v FHEHVWLNTEY, PEBIKRZX AL v FHT7/84 A& LT GaAs High Electron Mobility Transistor
(HEMT) <% Sion Insulator (SOI) ##% - MOS Transistor 25\ 6N Tw 5,

—IXE WA Ay F A 900 AW SHAMA TE 72, 7. GaAs MU L Tp B F—
Y NTHDZn DPWHIZ L > TI T Y I A% 7 — MEIZ pn #4652 T % GaAs Junction Field
Effect Transistor (JFET) $idliz 26 FiF #Emum KHEREA AL v F TR RIS A L7 (K8) [15].
M, FEHEEEPRONTEBY) 7 VT Fa2a—=V FF AL v FEIARETH 7205 T 7T
DFEZFBIWOBZHAAL v F L LTORWERS Y CiMiliZ 1572, 20k, diK@ErERoEREIC X
DERWEAA v FoIKk. BRI EARD S s, JFET £ 0 EFkkicEns
Pseudomorphic HEMT (PHEMT) (2 Zn 8 pn #GEEA 2 5 L (JPHEMT). 2000 44825
3G M5, HIZAGEE L, WMABBMIREMEAAL v F L LTULHWSNTE (16, @ JPHEMT
. B RE TR X 24 VBRI L pn A7 — M X AW — 7 B S B R A
A FREFITRLEEENT =7 v 7L LTHEWEREEZ R LA (17

2010 EACHIBE D> & 7Y # b, IC AT 1238 A A5 AT\ 7z Silicon On Insulator (SOI) &AL %E HIWC

ERMWAA v FORAALICH D $LA 72, SOT HARIEA A v FHRMEETICD %255 Si KO FER S %
BT E, MMl 7ot 22X % AL v F/EYER JPHEMT A4 v 5 CTIEREEZR 2 £ v 7 L XSl #E o
FvFy MR EHTE S I L, BHIZ200mm KIOFEERICL 2T A MY v A5, GaAs AA{ v F
PODBEZHZVHEL L L HIINNT =T TR EDMD W ICISHHEA TV 5 [18]. HEIZ AL
T5IZEEFAA Y F/ARLICHE ST 2 M. E. Ny VAT =7 a0t X3 X M Cif#E 2%, %
WK L7727 v T F F 2 —= v ZEM T BIEEERIC X - T 100V DLEDTTEDR A A v FITKD 5
Nb, 22TV =—"7TI&, 130nm RO T Tt X% HWTT /N, AR OB Z ATV, B E
FEPE & AR 2 WAL L, BERET v T Fa—= v AL v F e EH L7219

Antenna Element

&
__________ = %t
i
o 5{
Aperture tuning npertum tuning
X7 7rorFFa—=2TEHE X8 v =— JFET SW fi 1
(SPDT: Single Pole Dual Throw) (U4 X 1.13mmx1.15mm)

IVURINT —

4 THRIZAGII N7 =7 v 7Tk, B BB TERMERE R L WIS Si MOS
Transistor (22 TR, %% % GaAs HBT 2 5287 =7 U 7RV SHNTW A,

SYPNRT =T U FIZBVTDH, Si MOS 287 —7 ¥ 7O LIz T, SiGe % GaAs. InP.
GaN FEDALEWHEAR % 78T — T ¥ THRHET E T 5 [20], GaAs %o TV LA 2 FE kL
EWETESEEEE 74 FEY v FICXBEONAY PRI =5 IYEART—T7 > 7L LTH BIFA
FHEEZRT I EHRE SN TS 21, R IZEMBHI X 280 — 7 T ofafiiti )y & SheE Mk E o B
BERT. T =7 v FEERT L7 AL LCTid, MOS. HBT. HEMT &kt~ 28R A D
D O TIIMERREE AT 2EEBERL TN A A A2 XB LTV aWnIZiER I Nz v,

G IV PRT =7 2 TIFITHE DL EWN 5 735 2 OFFBILE % table TITRT,
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Saturated Output Power vs. Frequency (All Technologies)
60

CMOS
SiGe
50 GaN
GaAs
LDMOS
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==Trend_CMOS
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Trend_InP
10 |+ Oscllators
Multipliers

Johnson Limit

Psat (dBm)
2

MP

01 1 10 100
(Log) Frequency (GHz}

9 EMHERVWTHEREINANT -T2 7 IC DREMED EBERRBDO ML 2 K #

Table | X VR/NT—7 > TmEFT/NA A

Si SiGe GaAs InP GaN
AR 300mm Si | 300mm Si 150mm GaAs 100-150mm InP 150mm SiC or
150-200mm Si
M a A 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 AP A X Small Small Medium-large Medium Medium

InP HBT IZZEMOfiitg L 70 AZHNG CEE FIFIZS wE W BERH D, ThFThER
il LTOEFDAE > TWD, TA ML S REAEZFITEE T 20 KANT /ST — 7T 7 Tld,
CDON=FNV%EZ)TTELDPPEE R > TS, WKBITEEEAAL vF, XU—=T7FICLL
TOEFBEEROM LSS GaAs N T =T VIO EIAKE L, = FE150nm 72t A2 X
% GaAs PHEMT # iV 7225 5T 5 [22]. TRk 22 Tl BH). B3% % GaAs PHEMT
T =T T % Si MOSRT =7 Y TORDLDIHVEZ LT, 77T 8% 450 21285 L s
bEEDT ¥ F F RS2 L oo 7 v FFEY 2 — VoML LR BB ILEZ R TE 22k
ZHE L Twh, GaN HEMT IEHEMED X SiC K EICEE L 72y = 2 HwTaEitl L axiEs
M2 L. itk Si LDMOS (Laterally Diffused MOS) 2SHWHNTE 72 4G MR IANF T —7 > 7D
BEEIWZPEATEY 23, ZOMNIZSGEBFBICBVWTHHEMEERDNL, —H, WK T =7
YTINFITIE, SiC AR DM A IR & 72 > TEADHE Lo FEBUTEI L CIdZeiiZe Si JEAR 25 BIL &
BAHH, WTENOIMR IR L7z GaN HEMT b 30V BEOEEBIEZHifeE LTB), Ny 7 —
BB 0728 5V DU OBEERIE 2 Fift & 3 20 KT /87 — 7 ¥ 7 TlI BRI 2 FR S35 L < MEss
HEA TV,

PLE. K 6b TRAZMERNNIVET v FFEY 22— TlE, 87 —7 v FH7 13 T% { AD/DA
ZHSES Y AATZLHERE - N1 F v TEIDPRETH 5 & v ) i 2 15512, Si MOS Transistor (2
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EBICEHANEITLIZEEZONS, —J7 T MOS/ST =7 ¥ 7OMRIIIHELRDH V. X ) &ikig
%37 —7 7L LT GaAs PEHMT X Z O 2 BT 58 LT A 2B M S Twv b,

5 #HU

AR L) B HALDSHIG S 172 5G Tid, 4G 2 K& K BE T 2 MRk &2 FB T 5720, #7212 FR1
(7 6). 2 (VP FPEFETAEA SNz BAIECBIMENET ¥ TFREV 22— VEREBET S
ANR—= A Z R ERNICHERT A EDREE 2o TBY, WRELTH T 624G T 7 F DN
ILE I VPRI =7 TRERILICE 2 EY 2 = VNMERRF SN TV 5, ZERTLEL K- DA
A FRMABEDLELT VT FFa—=V ZHMIZL A7 7 FAMLRET Tk, 4 H SOL A4 v F
WD MAEBB L T 5, S, BRI ) T —7 Y FEBUCIT. Si CMOS 787 —
7 ¥ 7 OWREN EISH 2 T GaAs PHEMT 7% & @ III-V AL AW 8K 754 Z DG5S S hvTw
bo BRI 5G W A IZ5E K Kef 23025 E b B 05, Z 22T 728 B I BE IR 2 2 L
TBY., Hx kA2 MY HAZED TS,
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T ER=NVFERILTBY, A= F u Ue Xc ¥
RS EREY Y T hmey stk (A " Fe " S
ERET DL 1y, ol BEEEAAEIHED & iy gy
X, 204y N7 —s R ekomEE DM iDUP
RIS B, 20X RREREMNMT T b
ZilEE P oE, SOk [ OB T 5 ' Yo
L TRGITE %, R .

HIEAR P & LT, HROEHTE 21 11 %y b7 —IHlER
DEIEERH LK 2 OB T O, $HE
LEHTOMBEPETNEEZ b, 12721, BE M=1. EHIEE g=98. BOEE »=02 THD.
T WADMVZ, 0 BHELEEPLOIRTFOMETH D, F2@EREXIERS M Exp 2 HHwT
1p=¢Ep+001, Ty =& 4001, &y ~Exp (001). & ~Exp (002) &FIhaL$2 (RHGAIIEE
LA CTHWONTE Y, 7y FNoFIERBEE 2 KR T 2MBN L5 O—FThb). ZDX
IGREDD & IET 2R CEY. S5 P % X[ ORRICESWTEETTAE Ay P T—
ZHRDIREZK 3 DL )12k o7z, KHOFEEEEDHIZ 0 BOWKPCELTE Y, §hE L Tof
TERTETVWSEIENbDL, AFIED X HIZ P, BAEETH Y, oBERIEDOFPAIEA T
TH o THEEMNZRAE L - HHRBFRRETH S 2 L 1d. RN LT 70 —F DRAD 1 DOTH
5o
[1]1 Y. Hosoe and T. Hagiwara, IEEE Transactions on Automatic Control, Vol. 64, No. 11, pp. 4764-4771, 2019.

18 4
2
S

Il ol

=2
15 . a -4l . . |
a 05 1 1.5 L] 0.5 1 1.5
continuous time continuous time
X2 : #ariRF R3: v b7—7HIEROIEE (1EEXE 100)

18



2021.3

SHEREIZEE BEEATLR?HE (TEHARE)
http://turbine.kuee.kyoto-u.ac.jp/
[BEfES > IV ZABICH (T 58S K 5 IFEEHIE ]

Hol GFhf) 2h I, BRI (B BXDRLL OO TH D) Yok
HE & WMIBRREZ H- T b, S Z B L CH 18 12~ O LB & 7 & T Z 5 M#é@#ﬂ
WTHY GHILENTIE. BRONRLEDTHA). £ VAN YR 7 IVAH T Y EOIMEEFE 2B b
5 RINVE U FIRONERIZW T 5 DBNGWTH Do A3z AT ) MBIE A TR O 98%FRE % 5
DTEY, NI TAOTH b, T2 (MPEEEZ LA SEE) VATV &25W0T 5 afl
o (MHHEZ FRESEDL) £ 2R Y &5 5 BAIER EONSWMIED 5 2 2 Ik, BN
TRNCET S THELEL T Iy 2B (BR) 2K L. SNSRI S X THAEL
T b, PEIED Tl OB BB EEAS, AERIZ BT 2 M EHIE & v ) BELEZEHZH - Twb,
C O IMUFEE BB RE \Z FE DA U 2 B 1d. RS TR 35 HEE % . (BRE OB P 2
Ex BRI HEREINEERL AR EEOUE IS Lk,

MWPZEE TN - Y AT A7 70 —F 12X ) BAEHHRICET 2058 217> TV 5205, -
fRSR ROl - AR Tld R L BRICBUTAFRIVE YV FIBWT L BRAEMHB R AN 4
BEZH S TS, BT M TIE, IR LAZE )% ON—Z MEBI LI S) By 7
BLRET QEEENMN) PERSIN, FNICIoTA YA U5 Ensd (HEIZBIT Ao d .
FNFNIHF I R GBI B 2 AR T %) o BERK CTHOWONEIER & L TREN 2 AV AR = VIRESE
W, BAHMBOK A F v F XA NVEHETLIET, ZOX) HNN—A MREZ (HFHLH) L.
A VA) VO EREESELIETE (B, KK Fy ANV aHETLH I EIEHEMEZRT LI
M RHI BT 2538 TR T oMM 2@, BMTE2L918h%).

EZAN, TO LX) AR BCER - SR TR T RIBF ORI E S v, R 5. HERIKIZ
FRIVE OB REARSIC X BB TR [YAT L] OBEBERSIZX BN STH
5o MR H O MPFEIXFEITBBUCHIEH SN TV B2, ZIIEEBNOHE 4 DML H WIZTERZ 2 ) I
D LS, EEMBEAERIY X7 o & L C I # %2
ﬁo’(lﬂélkﬁiék%i%ﬂfw% X2 12R L7z

Kix. BEN®D a. B OB HWIZZENLB5WT 5 F
w%/% LCAT) fHEAEH (BawlEl) 2ELTwa,
L2 L, RIFZETIE. NS DONGWRMIIASE NIZEEL T
HIELTWE0IE, MBEET RVEZZITTIELRL) BX
fFrZHWTHEBORL ) P 247\ 70 HY 5 G 8 20 MBS i §1] 45 |
EFoTVU2OTIREE L, (BB TR ) B4R J )
AR E D EZERLMEE TV E VT, BEOMERHS S -r(s) e
BT AT HAELTED L) Rl ZIT> T2 0% W5 H
2T AI3EE DTV 5, X 1 : B B R DREALKF

1
[
-

V(mV)

&
=

SE 3 ‘UZUJ
(1] Gk - Ths : BEa, BB IO oMBOEEWRX A =X 1#
Wi o> 723 o i Bl e o A BB § 2 iE 8, 5 A8

NLP2017-111, pp.51-56 (2018).
(2] #2if - Ths - R 2 SO S MIBET VOXY P VO
JELEE o3 & Sy USRI RO ERMT ~HHB AT & MUBEAE o 52 %8 ’-ﬂb:'_z
ZiHEH L CT~, fE%$8d NLP2019-117, pp.25-30 (2020).
[2] Y. Nishide, S. Doi: Influence of the electrical activity of Smmmemee-
pancreatic beta cells on the electrical activity of alpha cells fjjb:.']j_x U? FzeFy

through the insulin secretion, Proc. of NOLTA2020, pp.476- B — Rl
479 (2020). X2 : Eﬁ%ﬁﬂiﬂ@ﬁeﬁ@ﬁﬁwﬁ?ﬁﬁ
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SFETIFEE £HEEEIFZESE (IWMHARE)
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[ R DIEEERVIEE DEEETRIICHE T /= MRI RE > Oy 7 iR{GEDOHKE ]

Feome, B BE @ik o 7o
A %A B BMBRRE L. BRA REHIIEIC X D B
LNZENTE D, REMHINL TV AR W
2L DEPFEINTEY, b bR
T AMEDEREIEZTN TS, PTH,
Wit R Y P T —2Z LW BEL S, MND
W BN ED X RN 7 B E & KR
B WA AR IEEI 2 L CW 5 ORizon
THOPELEND L9 Ik olzs T Bk
HEA &V 25,  ORRERE A % E R
TE LT HIERZHE IR TW RV,

¥4 L OFHI T30 T RIS

WP EIMRI) &, BISEIERALZ I Y 2 — b
VAL D ZE e CIERBICEIITE 5 2
ENB. FEHRICHLELFETHS, LA
M5, HER D EMRI (3R 28R E 3 %
B L B IMATEIRED 2L (BOLD #h4#) (2
KoV TBY, MREH» S HPEET S 2
&R, TEEYERAL & 0 L H e FHI T RSB AT S
N5HZ ekl BERENREAZ BT 2 BICH
EERDREDIRHMEIN TS,

FTrizohica LT, A ray 7§k
EHWD Z LI XD RS OERN G
WMEHELTVWS, Aoy 7 #xGkig
B AR B & D e o TH U B IREIREGIC &
D, EERNICHELET DK TFHROTa o
At O BB 12 IR e i A LG 2 5] &
ST FETH L, WEOAY Oy G
Tl BHoMHERZIIETAILITTE
WA, LD 7Y v T v IV R BT S
LT MAMHEHRAERGT A2 BRI
% (X1) [1]. O REEE TS5 5K
MRS O MR E RS 2 LT i
i SIS O BRRERAE B 2 AT 5 2 L AT E
bho K212, AFPEEFVAR=ILVT 7 bA
B LR E RS, ¥4 F— VEMICE
&5 @35 oMM O ZA L 258 X T
WBLZENbRb, RFEETIEIHE pT O
WA TE 5720, 01 ~1 nT DR
5970 Wi s OB R B RE 1S A O FHll~ DIt
R TE %,

AFHFE. BOLD RO ENIT S WIKREY

(a) o pulse SHpilsE s M° pulse  180° pulse
1 Spin-bock pulse
X RF pulse
Measured
magnetic field
L /—\/
o — TN/
Spin-lock module Gk
{b) without B,
A B
a1
" —.l
x x
{::J with B,
I3 1z}
\11 |B,1‘ ) X oy
|._... 5 B, =90

¥x7)
K1 %RLAEXE>OY ViRGE

OfO]OJOH

W) = 1201

|0]OJOL

LE) ¢ = 300"

ﬁqmu |-|||¢|nu

Lol a5

K2 HA4R=IVT 7> MAICKDIGTEER, £EE
EARADS 1 R—IVEBICEIINT 2HIBOEALIEE
ZdEdE. MREGODE A R—IIVEBEEDES
BEDERELTIRASN S,

MRIWCHEHTE 5728 2], RERWHMRPIFETE o FRIZERIZE b ORIEEOFH 217\,

AHFZEDHAEZBFEEL TIT K FPETH 5o

[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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(RS OREAZECBEEXDEEFRETIV]

EERRIEE T VIEE VR TEET 2 M ORFHIB W TATTROETVTH 505, AWFE=E
ZoWak e LT, R ZRIGERZ D 72 7% FEREZ RSO E T VL2 fToTWwWb, 2O X%
BRI 22 3 B 2 R 72 e WR G L. T AV kR EOE R TEBRIMHbN S T, #RoT v
TFRIAEVE-FICL DT E DERICHRL. ZORGTOLM A % @Y 2 T Tl E 7 VIR AR
Z) A:ZY) i% &Of‘/‘%o

A X B2HELZPEEE T VICHGATL L &, AR E LTHTW S Z AV F -2 HEOEL L LTE
HWI D MHFHEIET VBRI HWOEN S, TNIEZANVTF—DOBROAZ VL7205, EBEO R
TH L ZBEOMERKH D FO KB ITHEL v, 22T, iﬁﬁ‘f?%im BILAME S EREAHH F 12
T4 =Ny 7T THEORIEH ZERKRTL2ETNVERE L2 (1] e & LT, EAK O EM
TR Q LE I Dk E R (Sommerfeld @ F %) 128 W T, AHE 5’?0 MATHEMEDBRE 7 14—
PNy 7 LTANG ERKITR 5,

w7115 [T

2T,z FERETFHMOZE MR, kITHBHZEHMER. AAEHIIH S 3 20B R I, Thth
)\%T(EZOD z 5 (ex). Lf?(&m{’ﬁéﬁﬂz%@}i{’ﬁﬁi (tr). AREMER (fin) OBERTHLZ, ZOETNV
2XD. BB EOBRIZK L O L HIZ, AFEICK AT L EEIEO Y — AEGR (Isc) g E oA
ﬁ( BIE (I, o). AT 5“(1’563&(5}‘0)}5—4@% L 2B () DIDOWEHITHIT B AS
PRS2 L & T D S WIHEIC 7 % o it\b®3o@m\uﬂw5:au;b\m2u%¢
Fho AG Tl & ﬂf:~ﬁ*%ﬁ7§c1_7‘55’?0) G (RIXD) A5, WP 2 RS 3 D OG5 6
nad (Ao COXIBBEICH LT Iy Y A7 ¥ M ET VER VT, % \ﬂljztc )
WEH MK E LCTRFIREICT A2 2D T 5,
£Z3k [1] D.Tashiro, T. Hisakado, T. Matsushima, O. Wada, “Single-Conductor Transmission Line
Model Incorporating Radiation Reaction,” IEEE Trans. EMC, Accepted.

Zm jX(ZLOm) {Eex(km) + Etr(km) - Eﬁn(km)} e—jkmz
0

Incident EM field €O, Ie Radiation reaction
S“ﬂenng Forward traveling
C s Jaz A ch If
—
O Iy '\/'

Backward traveling
Traveling wave’ s radiation Fy

X1 BEFGEBEROIODOOEARERT (AFEOBELOY — X, EITHE. walCL2HHORER)
90 a0
120 60 120 T H 60
o 1x107 107
. Sk 150 30 150 ik Rl 10
X al - g
S \!
== wO i
z=0 =L 180 0 0 0
6; = 30° (i:ﬁﬁgt)
[ 210 — proposed 330 210 —traveling 330
Ml ohed - ‘TEEC!IN’:
240 300 240 S 300
270 270

2 MOAHTHRINAIZGEDEFREZDIBDIANDSE (MoM [ZE— X > MK)
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[RIREICK 2ERBEET IV REDEHRIRIE R DR |

B L HOFHOFWENALET 2T T~y (THz) #HBUTINFE TIZ 1 mW 28z 2 FEHN %58
EERFOBANGEIEONTHERATLZ, A7 BEEBOL I XYY TOF A4 F I 7 A% FH
L&) ELTHPEROBHED LIRS HBEEAHH S, LED D XS CEFIHIREFHT 256
B ZDOIANVF =10 7 VE YU OMmBEICHY S 20T, KRB EE 225056 Ty, #B=E
KON INEETHLY a7y YEETIE, LMY a7V YERICE ) BERERE 2 KR ERICZE
g B2 ENMRTH LT TR, BIREX Y v AL ) EFBHERIRESRESI N L DT, Hukod
WAt —Ly M EBENEINS ZEPUFFINTE T L7 2007 412 & il (2 8K
BizSr2CaCuzOs+a (Bi2212) 75 D&~ D THz PG 23910 TEIM S M7= OWEIC X ), T
HY7%H5 0345 11 THz &\ ) JRGTTZEJEB P, &K 0.6 mW &) mOBERIER & v ) Bz -
RSB CICHE STy E T, 2t Bi22l2 HiERmBMICER SN A HEICE TN
1000 HED [FEA] Y a7y YEEVPREP L CRETAHREEZ SN TVET, HVRGHEZH
BELTHRALNT VR O0, HEHEAHEER T ORMFERTT . F— B8 A LI L 72O £
PHEEFR T 2 W05 F 72X ENC R L CHERELEZ NS 5 2 & T, £ X SR 1 Tk &
NLERWN:Y a7V 7T XAREHFEL LR, ETHO 2 FICHA L CTHEEBML,
B 06mW ZER Lz SN TwET, L2Lads, AR REZ b 20 TETFHROREGOMHE
PRREMIZIEEALEBINTES T, MMERIRGZEET T2 L3O THEETH o720 £ TH
ebid, B EINE T IANVYEORGBN»SFFITE SNy a7y T ARG ORER
WL, FFEMET2BMREEFRERE N LG AN = AL 2R T 2 FiEE2RE L2,

B X, HEdm B LI L7z 2 0D A TSR F 2O SNDL T 7V ko5, ik
. € Uitz HAhE)E &by e MBI E O & TBII L £ Lze ROGEIINC X0 BRI OAH
PHETEXLDT, BIRREEZNZ PVEBT L ERTRICRD T3, ZOMKE, FEEIEDRIRIR
BA2ODFEFOHMEEZ LKL T MG THRBTELILERLE L, SORREIZ T XA —
Y EREZIZMEZED TN EIZLY), 200X FEEINWE S N/2Y a7V ¥ T I ARE OM
HAEMATH 2 HEET A 2 L2 WREIC L, MIREBUN R FRETOER 2 2 727210 TR, T IV R
FHETNA ZADOWREME D RE L T F 370 AWFZEHIRIT AR A A — A — 2 2020 4F 5 H 15 B[ %
PoMZER R TR INTWwIE T, https//www.kyoto-uac.jp/ja/research-news/2020-05-15-1

X : (a) BEBHXY (BHt) 25 2UNLT7 LM BEOEMETE, LTICHBULEBL,S XA FICE
MEFATDETINIVIYRIRET 5. (b) AT 2BELEFEXATOBSR, BEY &S X FHEBERE
FTIXATRENLVLTHEL. EBELRTINIVYIE (74 b)) 2RET B,

22



2021.3

BEFYHIEEE FEFYMTIEIT (KEHREE)
http://semicon.kuee.kyoto-u.ac.jp/
[ZFIB(CE DV BMLEE /SiC FRE R E D KIE 4 iR |

fif e 1~3 kV #% o SiC (fbiE#) 7$7 — MOSFET & ¥ 3 v ¥ —[EREY 4+ — FIZFEAMLDIET Y .
HKHOBEWR, KEEMA 73y, BE, BEXAHBHELZ ECTHELELANEIRENLTHET, L
L%ad 56, SiC737— MOSFET O SICHEHADRT v v b KELSTEEEL. REOMREE 5
HTETWI A, ZORKDERIZ, MOSFET O ) ML & SiC O REICIEH ICEBED
RMEHPFAEL. 7F— MEECTHFEINAKERF ) 70RERGICHEINTLE)» ST, 20
BRI /SiC K baid, Mi%n T Tk 204EICH - CTHFLERELD D FHATLAD, S0, K@
REGD KNG GBI L Lz TRV LTS,

ek, SiC MOSFET IZHW 57— MER{LIEIX. Si MOSFET & FRIERICEAALICE DI I N TE F
L7z L22LAEAS, SiIC & O DRI LY SiO 2T A BIEICBWT, BRET-TH 5 ixEZDVR
MBS X OBRLIBE AR IR L, SRR 2T 5 S HmIC S HEN S TwE 3, BIFEE Tt
SiC Z R b9 2 & LB IS B IE DO R FREDIA ISR SIS Z L 28X 1ED, e ilR
NIRRT 5 FEZHRELTE T Lz, ZoRE. (1) SiC OB bz HEk L -BLEE K 7ot 2 0
fEar, (2) SiC KEHEEEAAAET ARz, BRI ICKEZZ Yy F o 72XV BETA5 720
MV ZBLT, MEOBHWREZEK TSI LRI LFE L,

X 1ICHEROBILEER 7 at A, BXOSHRET 52 ZHEOBLFEERK 70t A0 70— X% /R
LET. HRCRETL T A A TR, AZELyF 7 RICSIHEEZHER L. 2% SiC oL
EEITLZVIETHILT A Z 812X D SIO IZEHLET (1], /472X B TlE, KETyF U
THRICHERIIC L D SIC KMIZ SIO EE T L 3 (20 B, WA 7ot 212, BRALBEIZE#IC
IR TTHEEFWHZE L, RS L21T) 2 EARMKRICAE THLZ L2 RHLTWE T,

X 212, HE—EHEREOMATIZ X R 7-BILEE /SiC RMKBEEDOZ ANV F—54i% R~ L ET,
Z ZTlE. SiC 787 — MOSFET OfEIC K & B % 5 2 D {miEniis (E.) DT V¥ —#PHIC
BB RERGEEZRLTWE T, HIZABILOAEIT > 725a I FE K M EE DS 102 cm?e V! LA
FEmDTEL R 9, BAELHEICNO AL 2 REELA i & RBIERIEICK L F 325 Z
OFFEIMEEF LT 10" cm?e VI L&) F3, MG & bmEnmlliro L IZONTRBEED
TRBEBINCR T AR E R D T3, —J, Shl. UFEEIRET S 7L 2 A, B TIRFE X
WEEDS (1~4) X10° cm?% V' TH ), (ZER MmN ECTHRIRN T 5 v MR Rgfis o TwET, 20
K, RIGBREORSMETHIET A L. k70 2 ITHRTH 1/5~1/10 IR TE TV E T, W,
REREEITCIC2MMO TV AEEEITV, L O, Mk 1 Y7 =%y FTRY EIFTwaZl
NTEF L2, 57T COEMERMEHWZ N Y IVAYOIE#RETTH) FETT .

[1] T. Kobayashi et al, Appl. Phys. Express, 13, 091003 (2020). [2] K. Tachiki et al, Appl. Phys. Express, 13, 121002 (2020).
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RPEFEDBEHEICL DREREODFLNIVARIEICEYT 5%

AP, RER LV AR S OB AWK T B iAo T b RIS, BHEBI L Eo
AN BA L7 EARZ SR RAICEERE L CHERR T % & v ) B R SRR SRS D 5 . IR HRIER
TlE, RN TEEAE SN D PURS T-ARERO —E8 BUEMST) SRR ST 52 LT, kit
FRILTVDE, ZORRWES IR - PRI LN 25, HEDOGTHOADRETHL I &
Mo, Dkt R ER L SISHEINTE Y, B - ERHE 2T Tl < T3
MIZBVWTHIRL S EHLEEDTVWD, —F, FETMBEEE (AFM) &, WPRETICBWTL
F 2 —VTOBENTELZTHETH Y, DNA “HLBAMEOHEBE R LY. EERBOSFL X
WIEHT 2 WA HW BN TWA, AFM I X AP0 - PUAR RIS OEHEBIEZIE. 5T L XV TORER
REDOMRIIC AKX S EHIBET A2 D12, AL A2 v IO EICRE LTI 2 e WS 5,
bbbz, ZNETOMERET, kD Fo—MThsb IgGC GEra 7Y v G) 51h5 EFHERET
ICBWTHCHBMIZ6 BAREZEE L, E5I220 6 B2 Rk MbT A % AFMBIZEIZE 5
THD TR LY. AFTIE, 1gG Ik T 6 BARICHURE S F25E 635 2 L /R AFM BIgEHs
FIZoWTRHRMT 5 2

M1 (a) I2IgGufksrT (HEfR) O AFM % /5R$. PURGTIIRMIN 2 Y FPREZ AL TB D,
PUEICHE A3 % =D Fab #ik & . M2 AR ST 5 Fe #I & 200N Tw 5 2 L SHBR I #
fbsnzz, K1 (b) & IgG A HCHRRMICEIRD 6 BARZ W L 2R % Rd . 1gG 5113 Fe
I (B oW 5 WE) Z iz, Fab #i (Ko 12 o8 R) Z4MIZ) < 6 BAKZ I LT
Who 51T, IS IgG T 6 Bk RIS, PRS2 ELHEEEH T L2%O AFM %X 2 1R
Fo BIRD 6 BAROIMINIALE T % Fab SISUCHUEYES FA5EE L. AFM R TIdiim e LTBigish
TWwb, COMBOBOELZWET 22 LT, PUENS T O/ EEORE B2 53 2 2 & 251
B 20, WEEEEERERDLZ LIRS L TR —HOMIEIZE - T, BEKESBREZSTL
NVTHESES 2 ECO AFM THULIIBD TER R T e %65 2 LAVRENTz, Gk AFM I X 2 H -
PERETHALEZ 51D S 2 & T 0T LRV TORERBEOFEHSH LN R 2 2R LT 5,

BEMk
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).

1: (a) 1gG P FHEED AFM &, (b) I1gG 9F 6 E15D AFM 4, 2. MEMD>FHAHESAL L
lgG Hiik9F 6 EED AFM 1,
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[EBEh - FE—LHEHA T+ by IV BRL—YF—2BVANXBEY X7 LD

VAR, HEIHER TRy POHBIETICREESNEIAY - EE ) T4 22500y v 7HbE L
T. LiDAR (Light Detection and Ranging) &FEHENS L —HF—J% 726> R 7 2 OFATHH
BWREANATDONTVWE T, TD LIDAR DL TH 5 L —F—JGIHIIE, /N - 224 - R E v o
TR E AT L PEARL — =D FEICHLNTWET, LA LAR2S, BURO LIDAR Tld, €—24
B, U= ARHAPKE 02 OIERBR R HERBI O 8K L —— (K 1A) #HWTWw5720,
V= 2B DBHMERNRL ¥ R ETIENLEL ), 4 X, a A b, HEEICHEEZ I
TWVWET, 22T, FTAIE EROPERL —F -0 EZ AP L. LiDAR /A - fijF# L, K3 &
MEy &SI ERRREERE DI L2 RIS A H - 28k L —F— 2 LT, @l - sy — 2 588m
BIEREZ 7 4+ P v Z KL —F— Y O - B EiTo T ET,

T+ v 7fERL—F— (W14H) X F AT —VOREEEZEH > 7+ h=y 7§ E L —F—

RS L LCEHT 22 L ¢ BEBEMICATBE b I — L v FEIEDSWRETY . S D720, B (K
ﬁﬁ‘t)f&mwt AMBEEHRCE LD T MO THRWERHAOE — L2 B2 LS kT T,
B2k, CoX) a2 RIpIE LT, BiFShv—2%, LY AZHWE 2 L% REHHERE
BT EZRLE T, MED2OIR L@ E OFEAR L —F— Tl B2 L -5 TE—
AWRKELERS>TCLTEIDICH LT, 74 b= v 72k L—F—Tld, E—2BTEA NS L
B EHR L. 30m & VIR FICBWT A Sem FREOE VWY — AR TETwET, 2.7+
=y 78RV —F—2HVEZ LT WL AREZLEE LW - R RV AT HI2E 5T,
RHMED» O S0 2 IS EB 2 2 L 2R L9, K3 1ZiE, KL —%—%2 WL 72 LIDAR
ZHWT, EBRIZYVTVE A A TOWHEZIT-> 2T O—BE2RLE T, FKID, ZADAWA. B
FCTOHEER, FRILTT0AHTRED, MIPIHEZONTWLZEPRTHNET, $72. 74 b
Sy 7R L= =12E, RO X ) RENFBICINZ T, BkA R RO (Bl 21X, BA
B 2RI — 2B R, BT F 7 BOE/ VLY L) iRz D, 5B X 5% 5/ LR E
PEre . ERERRILOFEBUCE > T 2 eI E 3,
2ZX@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] A& H, TpHIf, 45 81 s H B~ Sk A47iki#E &, 10p-218-14 (2020).

b ERL—F—

R +""¢il — Lk Hmﬁ]T

b
) ELTRLERS
‘ MEEE — LA
~280nm
B LR (EM=SH TR

) k=R
L——pRn
LiDa R R

) BTy
E1: BEOFEEHFL —YF—-¢ET7xr by IHERL—F—DEWL A T
@—glj 5 12 i
&
| 30m j2 \ lm

:“_‘f;*_ 0 wEF
X3 7+ by oE@mL—Y—%
B EH LU /- LIDAR ICL B HIFEOTE
L—l— CAPML—=2a OHEF (kE.
ZC '( Ci U7ILE A LBIFEEFD X
HAMUFCRE— AR ST FTRAICOEHTER Fyv7Tay hERRLTWVE
X2 HHE—L%E, LOXELU CRIEBEGEIELEZOHF ER )

25



No.45

EFREIFEE EFEWMIFSF
http://www-lab15.kuee.kyoto-u.ac.jp
TRENF O LEEBAL -4 FFREICK DEE 1/4 BRIROEIR

AZTT ) T VITEBEOWERII LT HoMSWATHEOEAKRZIRL., ATzt L
HAOWE CTEEHRTELVI I RBL2EBTLINE LTHEHEIR TV S, 2RTHaHEZ O
AT ) TOVIIEFIC A 7 Kl & XN, BREEOEHEEERCRERECEEZ R IV HEOE T CEITE
L2 lbA 7 aiEh SRR E TIRWSE CIHESEATYS, T LT, A ¥ RMICTEERH
HaAte & & THEEDSE I IS T RE 2 B9 A & EROWZE b ERE CHERE LTV 5,

REFFRE TIE A & RO FRMEZ BRI R 2 2 & TRBIEORGEZRIET 2 X ¥ KmIZHEH L,
T TNV AT B 1/4 FEEME LA CEIT 5 HEICOWTHIE 21T - 720 A ¥ K OB
X (a) 1R L7ze 202 WIcHEE &R & AR SRR SN 5. AP I 48 IR & H
FERIRFE DY) O Br 2 A5 BE e WL CTREIE S N % o WA IKPUIRDSHEAFIRE DI 6 0 2 & i O 7% % [F X (b)
2. @BRREOBEOMELZFM (o) IR, IhbDEEIE, £EHB &M% A2 T 90 EEH
&L ETHERLEVIWHEEZ DD T X ) MBI LT, &t GEERE. APRE)
WX A EMFBIIEERD S (1] K (b) OWEEASMWIGITH L TEMEIEL L, A2 90 B
THAHLEAIE, (0) OBEOBBED ZHFELETHEL L MHEEZK (b) o%fLlmd s, Zhid,
M (b) OfED (¢) OREED 1/4EERO L HICEH S, F oMl & BT SiRL Tnwbs I e LT
Who DFD, | (a) A FEEICH LT, WEKIBEOREZY VB2 52 LT B 1/4 PEMK
PEBTELILZERLTWVS,

CDORXAFEME T TNV HEBCTERT L7012, WWERPURE LT b NF Iy A EEZFIH L7
TN F TV L1365 R T
Mgtk - SRR TWET (b) I
HY. KR TIET I~V IR
T2 L WiiiRe, BT L vwis
BARE LCHEET 50 1B L7z
FORKIER (@) 1DRL, 2 .

DA F RHOIEKH % () 1R F
EEBET VI = A THR S

ES
¥
TWd, ZOA ¥ EMERIITE L ﬁ
TWMEWMT I & HET, BRI - TR
WX BIMBTRILNF V7 20 ' (a)
MEB 2 2 RIFTZ EATE (©) (e)

2. KRNICHT 2 EENEEs B (@ X SREOEE (b) FTERERESEESATOBIKE (o
S ~Ob Y I A5 6 AT FIZEHESBEL 28 (d) FTFOLHER (e) X FFREADIE
B 1/4 BEME LCRREL T D

I lHFGFELTe DA ¥ K

WERIESE [2] W e~ DO s b2 TN TE D . 42 75 S DILHIREEA T HEIZ 72 - 72 (3]0

SE

[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 A= T T2 EREX Y N7 — VBB LUBRBRREETTIV]

KRR, A= b T+ UV RIOT TNA R, F—=Fk ¥ —, 759K, BEUOBA LT 7 r—
VarvaMEERL. T PALICL 0T REARKILTE S XD R, mlE. BEE kMt
Hefi 2724y NI =7 OWSEREEIT>TWb, ARTIE, MEFNEY 727D 1DOTHLY—EZXF =
4 = 2OV THRAT 5 [1HS]

T7AT I =Ny 740 ) 7, BiliRELEE o2k P =2 8EEE . Y —
N ETEMET A A T — 7 #fE (VNF: Virtual network function) & L T334 53 OF5ERH
BEMERIATDON T WD, HERFHON—F 7 27 TEEINTV Ay T =22V 7 727
ELTEHATAIELEIZEID, "= F 727 OREI A FOHIRL, & v M7 —7 OREEEIL U2
REDFEE, BREEDOR S 708N - HIREZEHT 5,

Y=V RAF 24 =71k, VNFO#MiZE 4y b7 —27 ETHRL, 204y hT—2H—E X%
I—FIRETETFETH L, FL—HFWWTO Ty 71k, T—FPER L7 VNF Z2rEDNEFE T
WBTAEICHEENL HIIH—VYAF 24 = 7I2BI1F 5 VNFEEB L OB IEDO6 %2533,
KABZEE T, B —ECADOEREMEZHMEL DS, EEEERHERNSEOLA Y VT -2 Bii%
IR L, 20— 20N 2t 2 ER T 2000 -2 F 24 VOGRE Y B TET
VO HAT> T\ 5,

—HROFFHDO VNFIZ. K20 X H 2Ty Z72NEBT L IHF 2 ANBEZCTH feftshzsry FU—
7 —EC2AOWRICKELRBER LTV ENRRHEINTVE, T2 MI3DLHITH—ERAF A/ VD
BEHRZREAML, IO RLRV—T2HRETLHIET, HEOIF—VYXF /{4 YHTVNF Z2&4HT
EDWREENEE 5. [1] B LU [2] Tld. VNF OEFHIF & BEEHIR O G 28 L7z E T VIO T
MatlL, UV 274 B X O VNF BLEIC2H 5 3 A b 2 i/Mbd 2 BB E L L cegfb L 72,
F72, KRBBZMETL EHNEMANICRZEL 72002, FIEREZFAH L2 RETVIY) XL 2K
L7

Bl TiE. A v M7 —7 BICE S NG REREROFHTRRMICE ST, y—YAF2 M D
R T RERR R A2 fc K L5 VNF BLE EFIVICOWTHE Lz BEMTILITY) XA E2R—RIZ1L
RPN TEERIE L. T2, AIZEORE L LT, FHEEE RO A RER: B ICAE EMEDH 5 ¥
FUFR.HOENPLDVNF DNy 77 v TEERLTBL ZEFRMRER Y F ) FIZOWT LM 217>
f l/ i 6 o

[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).

FOHEDVHF

Request1  Source- -~ R -~ (0N - -~~~ Destination Source- -~ G} [} - Destnaton
Request2  Source----JglH - m ------ MNAT CEEEEEE Destination Source--- [l - [T Destinaton

X2 JERHIHIOREF

Source 2

Destination 2

ERY hI—Y
1 $—EXFA=>TDF B3 REEHIKIOEM

27



No.45

EBVATLIFEE BHRERARSET (EEARE)
http://www-lab09.kuee.kyoto-u.ac.jp/
[ (Ring-) LWE ICE D MEFIIERBZBRITER7 X7 7 F v DRE]

RIS T 2B OFEIC L Y . RREG R E o B E e EBEA I Tw S
Wm 7N T) ZLDHE o TV AEFNBENHEN LR THITA X IR ) DDH b, TD720,
BIEDRE 5 D% L 1345 20 ERETREMNIEDbN LI ENBEINTVWE, ZhzZl T, KE®
] N7 A HEF AT A SR T 25T B TR H ARG 5 7 OV T X A o BEEARIC I iR A HED TR ) . Z ORI O
—2 & LT Learning with Errors (LWE) BREEICEDS KT TV T ZARHE IR EINT WS, L4HF
RETIZ, INOMETHEEES 7 LVITY ZL2ON—F 2 7BLNY 7 b o 7TEEIZOWTHIE
BiToTWh,

X1, 21, LWE X—20O#Z# )7 TH % Frodo MIFICIRE L 7-Fsie: 7 —F 7 7 F ¥ Filianore
T® 5 [1], Filanore Tlx. LWE TEITEN L FEHTIEERIFIT/NSWT LICHEH LT, FEEREZM
BEIMEE~LVF T LI H 2MOATEIRLTVS, ZHIZXY), Sl b ERBILIEBTE S,

¥7:. LWE WEOHFETH % ring-LWE [ % L6 & 3 5 #5317 NewHope[2] [T IZ, X312
RY e HLE R-Filianore 3% L72o 21, NewHope (2B W THICEM DK X WILBLCTH 2 Bt
EEHADEY 2T —FHBIONMELZ 1 ODEY 2 — VCETRERERE 2o TW5h, WHIZE

CCAMBDOE Y MEXSRABRE L EIDICHAN-FY 27 LTEETLIILICL), AT
EOHIFIZWHEICL TWh, MA T, WETETINLFRHEEZETMELE Y b2 7 ML) HEH
LTBY., HEI A MOHIRICEHENT %

X 512, NewHope [ OFFEHOREILE TV, FIREEREORELYZE TS & THOATMH
Bt EHT AR HAT —F 7 7 F ¥ 2RELLB COT—FF727F ¥ Tld, ABBX
OCWHEFRZOE Y MEORME G &I, FAEEREORLEHEA T v 7HEHIRTE %,

INLDHET—FT7 7 F v 2 HnWbH T LT, —HOERTHUIIZB W THAERVSHEET 5 4L
F—oHRE . ZOREEE DM /N FRFICER L 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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FD2a—)VBIFREO—-RICEDLC A T4 U BEER

AN (Fx 527 %) \2X2BREBIEABIIHE - €74 75— 2 DEERSeNN—=F v V) 7 T 4 % —
CARETEL DD S, CNFTOFETIE, TEVAMNL =S OHEEE—YarFx7Fx
FHIIL, ZHICEDSE T A= a YIMEREIN DL Z D% o720 LA LZFOFHIIF—7 17TV A
ML= OB (FAYT A2 A) IHEIFELTWE D, BMIICFEY A ML —F ORI 2% v 5
7 Z ISR L 2T, BAZEMEOAERIZTETH, ¥ 57 7 MTORBEOEALISEMTE 4
Who ko Tz,

COMEICHIST A0, Frv T 75 OEH)
EFNVEFEVA ML =Y O (E—v 3 ¥
¥y 7F ) T EMATAILET. H
RBifEz £ LoD, v I 7 ¥ HlOREE
BIZT N M2 B F ¥ 54 v BfEA %% B
LTz ZOBRZ, WOFEETVE LTERSE
s TEzFrlla—F (R X5E)
BEATDHEV 2 —VRIT—F 57 F v 2%
Lto:nuiék‘$v579®ﬁ$ﬁ%# M1 EBEFEEFEL L — 2 DB X 5 HET
LFx 77 5 OBERFEIIS L2 FUAINAED 2 provider. % v 57 4D NEBRESE SET 3
SO@% (FEYA ML —% OME) I2—¥ Bundle £ Zh 5 DEVERINT B Matcher 5 5 3
X9, WEREB L EFT VIS A —F )
T rIA4 THEHIND (K1),

g emw walking mation kickboxing motion
REFEZ, AV rEFLVE LTERNE
EN=Fr T2 5 OBEERIBH L (K 2),
£ DF ¥ 77 ¥IILHMETH)., FoF v
77 ¥ MBAOBERRK = AT 5. B2 204
F) Tl AMOSRATEE) % B3 5 B /EA K

NTETVDEA, ZOXx X T 7705880 5 M
BEZTAYE, TEVANL—FRIREBLT
WHRWZ ETEO 00Ty IZidEE NG
WIZHEDLLT, Fx T 7 I ToORBELRNE .
2R 2T BRGEREMENERTE %, K2 : RREFEICLVER SN EBHDOH
T EV 2 NVEOT—-FT7F ¥ LTHT

& TR EBY AL T L ONHIRELASTREE 2 D R R WA VT A VEIEERASTE B BUE,
COFEERRESE, TEVA N =5 Thr2EWOEELXZ ALY (0Ry ) OEBEET L7090
DOWFe % FERiTTh bo ZDMOBIVEER (B1) 12D Tl youtube I L TW B D TEIHENT2W,
https://www.youtube.com/watch?v=Ytd1dPMg94o&t=201s

cIror
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observation

Ui RS EIngE (otion

MoEClX. BARZAEE ) & ALOMEE (AD) L 2ET 52 LT, WMOFHE X = X A % B
LoD, EHAFIBWTHRIZV2H Y AT 202 ED TS,
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[ 75 ZX<EHAURADICH T BEREEDENEKFHICEET 5%

Vg TIREM LADBER T I A<, & B2 2w =5 275 A<D LA
WCEALTHEGR - YI2b—v a3 v EEBRIT OO L Ty E T,

SE, A—R—T Y a— Y 2HWTHFONTVEERT I ASH UADICBITAELHHE IS
BIFFEIZOVTHAL T3,

BWIEIBICEX VLA ONEIRT I XAIZBWTIE, DTOMBIZX D ahifiassmsEL 4, By
MLADBRAIE CIE P =9 A7 7 AxodulEl () PECe ). —H7 I A KK E % 5
DT, BOEARAH Y 9, LT MBIV LRAD N T I X<t dh - TEIAME
WTWB L) RIRBICHZOT, MEPEID T3, TOMMEIKNIEEFIETRMEREL, 77 X<
BEEIRAEEIC 2D 9, M1k, A== V¥ a— ¥ 2 ilioi8ER2HRLEbDT, K
INEFEERWPBNTWALIEZRLET, SORKICE D, FULEROBAEEL L (FLHIE & L
NEF), 7I9AXHLADOEAL»RI Y T3, —F, WHICHLRAD SN T T A~ 3N B
L7t 2 HEMICER LT3, K1 Th—F AMMIIZEWTRILWROERESBINLTWE Z LiX, 20
HFEM SR A ERLE T, CoMEZHETLZ L2k, SR EZITmoseE2 iy <. |
L S ININOR S OF | ViR §
Iy TIASOMULADE RL
THIEPHREINTET,

DX RERIC & HBEGED T
I A FEIMRAAE L, EERIgE T —
e oTWET, ¥R L, il
EEREITZDICETIATDOES
* PASECLULENRDDLHNDHTT,
wekE, TIRAENO EHE LY
W IREI SR 2 D, i AR S
FTAGEWDE LS N, ZOHR.
AL b MA Oh b EEZ 5N T
WE L7z, FTAE, 7I9AENTD
LR EEHICH LADRY O/ ED
ZATAZELICHEHL, CoxEr
WY ANT, A—N—a 2 Fa1—%
ZHWT, BLROEIRE ATV E L7z,
ZORER, WA XY
RESAZE L, Gk dmz on
TWZElZHLNILELR (1. 2
g, 79 ARENO EHE L DI
W E LT L, eI 34
LN DR AR S B &
& HICHELIE Z W 2 5 H IS A & %
LI EINEZEDFERTHDL Z &
BRExildT L
[1] A. Ishizawa, D. Urano, Y.
Nakamura, S. Maeyama, and T.-H.

M1 WSEUADT I XTCHT AR BEEF> Y v lacyams
BE). LB AMILES (AU CRIEMEL EH) | aanabe Physical Review Letters,
0.4%. 1 | FUMLES 08%. TE : BABILES 1.2%, 025003 (2019)
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[~/ 0KZFALEZBRET 7 X~ TO MHD RNELEMHOIH ]

AWFZEE TIE, BN L BEAOMELEH 2 &SR - SREsICHIEidT 22 212X, 21 ikido AJHIC
AP AN WRBEZ L 725 TR Uik 79 A BRG OB DT E T, FFI2. v (121
Wx V2BV A 70 ba Rgins - EHEEE) (ECH/ECCD) 12X % &7 7 A< DA - gk -
BILRE), BRERAD N (MHD) AZEEOMHIIMA. KEA 4 Y JEEHw/2p i Fv— 24 A
BHC X B EEET I A< - filf#, BXOHUADEEICE T MEZEDTVE T,

B BE 77 A= Tld. HOHEAKT 7 A REFOBIN D O EAKE - ZHREZBEOSIC X D AEK ST
727N T 7R ORI CADPLEL SNTWET, 352MeV DI ANF—%2HT 5TV T 7R T
WETEOHEICL L WEBETT N T 2 VHEEEFEBEEELZD, KIIRT LIS, Y77V T
W7e & MHD RLEM & BB 2RI LT3, ZoBWMHEAENZBILRc T V7 7R T
DEFHRE IR T720, HCHKT I ARFEPREIC L 720, AV F—RFHEEICLD
T AR AHE L TCLE 720 T28-NDH Y T35, D720, L EAEH oY) PR 7
W, o PICHTANVF =T ORFEE - HEROKEARKDO ST 3, MHD AL EMHEOFEE -
BRSO 7 — ) T AR M VR AR O 5 &\ o 7oA KA % 72, Heliotron J
BB W T MHD N EME DR EL L WEBEOMI 2 Hig L 22 o TwE 3 (1], 70 GHz
ECCDIZX 5> TNBI 75 X~I2 3kA #ED b A ¥ VER % BRE) L 7288, MHD AL e % % et
TELRERPE SN T L7z Heliotron J 1M Y TEAMTH V. BIRKENIC L > THRAY THED 5
TENLH, YTTNT 2 VAR PIVTOEREEPKREL b EWRELERNTT, —F. ECH
ZHERL Y — AT S A< ICHI L7234 Tl 2 1RT X 9 IS8 — FORBIREDZIL T 5 4
ErmonF Lz, —fNIC ECHICX 2B T LA TR A+ Y HENIINT 5 720 F B i B 13 88
My s&E2Z5NETH EBETIL BEfbtoms o TnEd, B CIEMAT (AXA V), <V
IATT YT AR (KA V). BEARHEZER (HAR) & oEBREFEZEZ f7v», 2%
EREBIC X > TEOWIREE L H S 22T 5052 ED TV E T,

[1]) EWfEM, M, [79Y 22 L ¥a2— Heliotron ] 8|, 779 A~ - Bl &%55E 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=# LEOEHBE2ETFHHADORHE]

fE» O EF TOBREIR G E - EHEE4E T (Total Electron Content; TEC) DMl i
BIFERIIC O W TS 20 BIWIZT T A HPICBWTEZERIC L CEEOMAEEIZHL 2, —
HCHEEIIMKT T 45, ZOELOREE IO ZFIIILBIT 5720, W UREEICEBOFEEZD
BRE AW S &, TOMMEND 5 VCIZERBEOEWAELZMET ST LIZE > T . TECHHETE %,

COBMTHEZ. ATHEORMPEASHB SN TEERN LD TH S5, BEHBEEEEOK
PHEEERD D ETRBEICBVWTCOHENTH 5. Bl2IE, Fl - KEEOBEEREICAT LRET 7
A </37)v (Equatorial Plasma Bubble. EPB & B&FL) 13k bW EHIEEEON LD TH LD, €D
WEZEIIEH XS CT\w5b, EPB 3o AR EMN D HREOBEERE T EI4 U728 T A LAY —-
F—=F—REEC Lo TR LD SEET km Y EF TREICIERTHHETH Y. KEEIEEIE O
BN KT B, BEICHDIo THEEINTE 2SS EPB 2% 4 [Hi] 25RBIC, HAZHHOF
WASTE %W,

KAV L CELBINTFEZ 208035, FT0E2OHIE, APPSO EFTO 2K —a >
B TH 5o HEFRDS13.150MHz & 400MHz TRIPEEILATIEMEIZ 307 8 DERVFIH I N TE /2 Fr
1Z. 2007 SE AN SHENP S DBER T ZETH T4 V¥ IIV2EH GNU Radio Beacon Receiver (GRBR)
ZRFELTE72. GRBROBWMEZ 77 - 77 ) HIERT A Z & T, AREATE OB EEE NI H T 0¥
EHE km O KBEEREEDIET 5 & 212, EPB ORFHEPH KT LEORKEREZHB TS,

2019 4E 121X 3 L v fif 2 FORMOSAT-7/COSMIC-2 (6 # i bx) 2547 H EWF S h, #7212
401MHz/966MHz OTEW = 72 2 9 € — 3 VBB Sz A XTI L Tl LW 1
V¥ VZfERE GRBR2 Z B LT b, BN, 201949 A2 ohE-oTHBH, M1IITRTIHIC, 2
NETEA 20X FL LD A Y FAYT 1 AN ORBZFETE, T TICLEMMUEICHZo
TENF— 7 2FE/HL TS, M2121%, 20194 12 H 26 HICHE 7 V7 203 EL-HAEROE
TEEORP OB REEZ R, HEORHZ T, BHICKLTI0S—t Y MEEOETEEOVETH
HHZ ENRbhroT,

#2412, GNSS (Global Navigation Satellite System. A MAD F ) GPS & Z DMLY A 7 2 DIEFR)
ZH\wiz TEC Bill (BLFTid. GNSS-TEC #i#ll) (Z2oWT#HT 5, GNSS-TEC Bl Fr Tk <
ERENTWD, EHIKE-HE-TY7 -EUICK > THEL S GNSS #HEBORMAEATEH,
ATIEHER ED &2 TH R EZ22IZ 20 BRAEFE O GNSS DA T 5 X 9 RSB L Tw b, — 7,
ZEBROMEIEIMIC TS TB Y., BEFICIEOWIC 23 M0 2 FEE# BN, 77+ %
TEHEOy Mt T1/10 B2 5 £ 9 RAEHIEICE > Twb, ZORNIZH > T, BFE. Ublox
HEABHFE L7z 2 9% GNSS %245 LSI T&H % FIP % 372 GNSS-TEC il > A 7 A 2 B3 CTH %, Ik
WATE I EEEE TEC 0% mBlllAE LT 5 2 & T, W00 ENFEI NS,
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TEC drop off by solar eclipse

over southeast Asia

on December 26, 2019
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[HOBHFEICLD KA v XAT—F— NEHICK 2 2REEFINREBTEDEEL]

WERK KO MU O FH 22 M1, BRI S OATEITR 08 e WK G 2R lE R - GPS &2 A3E Il
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[ Architecture design for high efficient perovskite solar cells]
(BNEXOTZHA PRGEAD/--ODEET 1 2 ICBET 2HR)
SHMTEIA 24 HEES

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 MAPDbI3 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 Pbls 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 Pbl2 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 | ;g

photovoltaic E_ e Reverse ]

performance of PSCs E 15 —»— Dark Forward ] E

by an approach of ;;.'..'10 —+— Dark Reverse | ;

architecture design @ FF PCE [

by varying the 3 728 171 \1 3

stacking E 731 170 = g

configuration, = % '

passivation, and © o ! : . : 12"

material innovation 00 02 04 06 08 10 1.2 0 02 04 08 08 1.0

paves a potential way Voltage (V) Voltage (V)

towe}rd ?ts commercial gig 1(a) Performance of developed flexible PSCs (fPSCs), (b)
application. Demonstration of concept of recycle-utilization of metal electrode for PSCs.
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[Generation of heralded multi-photon parallel state for realizing a large-scale
photonic quantum circuit]
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[Study on Avalanche Breakdown in GaN|
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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 U -
multiple receiving antennas orientation for
the application of SA method on the EAR has y-ais
been carried out through multiple
experiments over the duration between April
2019 and September 2019. Phase correction is L 10
applied to all channels for a single spectrum .
in the real time signal processing for —
improving the phase synchronization. Then, a TP 1"
comparison of the EAR SA performance Terminator Divider and
using five different orientations taking into I Compiner

#22 —

xaxis| g |

. . . . . _mdB
consideration the aperture size of receiving | Attanuator IL
antenna and its separation distance has been CPL-OUT
presented, where the horizontal wind profiles oiectonal 2T Esmr:‘g

. . . -0.2 di
using Full Correlation Analysis (FCA) were B&I:.dpass [ {cPLin Coupler

. . ter dl
estimated and compared with the EAR (47 + 1 MHz)
standard observation data. Based on the ! ——

3 o N Powear Limiter Power Limitar Receiver

results, the configuration with the largest (< +13 Bm) [ &‘2,2"32’, — iadem [ e,

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 1l Patients Considering Time Variability of Insulin Sensitivity |
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[Reliable Resource Allocation Models in Network Virtualization]
(% v b7 —7ERE{EIC B BEEEOS 2 REEV L TETI)
SH2F9 A 23 HERE

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.

50



2021.3

Longfei Chen (Fp#i#—%#%)

[ Analysis and Modeling of Machine Operation Tasks using Egocentric Vision]
(TdE> MUy IPEY a Z2AVEEBREIZIOI-Y—ITEISHEET U )
SHM2F9 A 23 HREG

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
is 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
Baseline Model

- - L

Integrote ™ L] -
- _ v SN,

® Expems . |
& Nowvicas .

Figure 1: Recording and integration of operational experiences through egocentric vision.
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Study in WISE Program

TEHAFIZER MERWR Y A 7 A0Y NEFRIIES WLBIR 2 4 1R B

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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