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REL, (ZRME T T A RAEER LTz, WEBIZE
££ 1.8 mm O ARFI LIz IX %, 3D 7V #Tib
L. ZO%NEBO kA48 (EGaln) 23 L
A7z, LCR A—=#Z T, RIS 588
PEDZALZ G Tz, 2T BEED 16 DLEDE
T A A% 655% MRS ET-(1X 2(a)), X 2(b)IZ, fif
Flzxt351 MHz TOEBSIEHUEO L EZTRT,
HEHUEIE, MR 655% (50 cm) THY 10. 1% ML 7=,

200 400 600
Strain (%)

2 FRT AL ZA0ME (@EROTHE
(bR 21T 5 ERIELM
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X 3 (X427 A A DRFKEIZ I 1T DR

F2K 3 NTREND I, IFRT A AT 1.55 N
DJ)T 655%D R FATRER L DNESE AL DD X
NOREZACIT LD TR T U AD /NS R
Bitha s Uiz, ZORRIT, EAT VS AD/NEWER
FREICH R L 72,

SO TR NAEEIIA L F I H L AEELE
B2, MRICIOMENELTHILT, 2057
B ADIEINEACT D, T T AV HX B AFIOF
Bl ERFEELT, 200%DfHifEZ 1000 [EIEDIKL
1To72LZ A BEDIRUARHMEIZ I T, BT 150%EL T
DFEIRDOMHE I T DAL H 75 AU BT
RAbhenor= (K 4), ZOfRERIZ, (TRBe 47
EVVRD IR UMM AMEZ AL TWNDHZEERL TVD,
(FEFm )

1. Chihiro Okutani, Hiroki

Tomoyuki Yokota,

Miyazako, Takao Someya, “Three—dimensional

printed spring—type electronics with liquid metals

for highly stretchable conductors and inductive

strain/pressure sensors,” Advanced Materials
Technologies, accepted.

2. [Oral] OChihiro Okutani,

Takao Someya,
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Tomoyuki Yokota, “Highly reliable spring—type
strain/pressure sensor with inductance change,”
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[Poster] OBAEE, =i, MHmm.s, “
TR T A7 G e 7 Ab = —E a0

, 5E, Online, 2021.12.28.

W& L EMEBIIREE DA™, COMSOL
Simulations WEEK 2021 Tokyo , Online ,
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[Oral] OChihiro Okutani, Tomoyuki Yokota,
“Ultrastretchable and Durable Conductive Wiring
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Spring—type Channel,” The 11th International
Conference on Flexible and Printed Electronics
(ICFPE2021), 2Rm401-08-03, Online,
2021.9.28.
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{EUVRL SPR 4L DNA ITED VOC DR AT = R 0D fift B &8 v S B A 1

WF9EE BB TR T EEdR 15K KTk
(A gE R )

RE T TAFALGEPRI BT/ -l & | FEERR, A2 —T RV TR la R H | AR E T D72 A
X< A KRS TR B B ISR 55 A RS T D, — 07, &S ORI, B
B RDFEREN DB THLZ L BRI NEEL WO RN S D, EFR, BEEOBLSO HE
HEERILAMORINE BREL, KEOE! SPR U412 DNA ZEAfi UIE 5 1A LG9 O & I 1 HH 25 A

720 BM T N TR 3 372 < SO Gl o> |12 2 FiFHO DNA % H SR L B2y FIRESAM)E &b ITIEAGL |

TEEEHCT ppm 23530 E ppb DH ) — LY UF JLER AT )L DI Az H L7Z, DNA & SAM OfHAEhEIck
ST, TH )= )L P VF ILEE AT L D SN RIR D ZENHONI IR 5T, ZAUSITBIAKME LB MEOE ML
HLDERLIND, Atk BHRAERIEL ., HEBEEAHR LSO SRS R E BT,

(B ZER% i 35 KOV R

K77 AXELRZYM(SPP: Surface Plasmon
Polariton)|34 &3 O H H & T DL IR E) & Bk
WDFEE LTSRTHY SMIIEICED SPP Db 5k
DS, &)@ 2 O S T R A IR 2 b 97528
[T i 77 X% 0 (SPR: Surface Plasmon
Resonance) > & LC, /- 8% B JERE oD/ A
FRITGHSN TN D, Bix R B CHEFE MR
BALAEMVOO) DR A FB T 5 DOTFEN G
FoTWD, SPR ZH AL HIZIGEH T H720121F 2
DOER DD, 10 BIIH A FICLD R4
LDV NSNS RIBEALR LT RZE 2 DHIT
FEEDH R53F Lt BT D00 ik T 038 H
Aoy F OFRIRAI R D E 2 = & T D,

AW T, BEDT AN TH BT 57201
DNA ZAEffiL7= SPR £ LD H A5 1 W 4 Rt
ML 7, BEZ W LS 57010, <SOBKRE
Ho Au HEICEY SPR BodEERE L, =&

— NV EDFIOVEEAT VO R E R L, g A
=R BERRFELT,

BIREL 7SO Au HIEC IREZZ 1 Eh 10
uM IZFHEEL 7= SEQL, SEQ2 LFEIEALD DNA O¥SIK
AL, WLl VB L DNA Z[E Sk, 72, Au
K A~DI A5 F DR R AEZBE  DNA (285
T A5y WA R R AT 95 284 AL LT, DNA
BATAINC OH & COOH F TSN IZIR G SAM
WA TE R LT3 A X 1 DIOITHERL 72,

TGy F- WA R 2Tl 272 BUKMED X
)= EBOKED TV F VIR ATF L DR E R AT
STz REHT AFEATEEICLD | EFR T AEXY VT

@ ®) (c)

. \ (Sea.1 ] o 5ea.2

._ _ .,_\‘H‘ddd

oRA (L4 245
. 48 Sulfo-ECMS
SAM

Au_}30nm ISOnm Au Au |
g | b ] o |

1 (a) < &0 Au il (b) DNA % L
7= < SOV Au # R (¢) 1A SAM K L2 DNA
FEE LT < & OV Au



ALLTEAAZEFAL 2 L/min. THAE L, HE
632 nm O p FHEAGIEL, LA TENTHIE
THESWME G2 HTATIRALIwT Rz
BHZ AT U7, SO HEZ CMOS B AT TR L, B
S £ FEARTEMENTAR 2 - D B Sy A7 A i 4 & LT
PRt L A5 B LR L 7o, 45 0 AR RF D AE
TECER 2 \TRT, HAENEEDS 153 HITH
JTUEBEDRREEA LTz, ZauL, 3UBHR D7k
LI E DM DBTIES NI T2 D EB 2 B, T
AEABEL1053 %/ 5HE, DNA [EEREIOE S
25 DNA S EEALS I TORWERERL DS K& T2,
SEQ1, SEQ2 MLk ) — L eHUF /UIRATF LW

(a) 2000

-Au

1500 \ | =seq1

01 2 3 45 6 7 8 910111213 14151617 18 19 20
Time [min.]

(b) 2000 \ T

1500 \ -=S5EQ1

~-SEQ2
SRR

500 II“// \\\

0

01 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20

Time [min.]

0 \
= 1000 \
2

2 DNA/Au Bt 5 & k@ > %/ — v

(90ppm) (b) ¥V F/LHE A F1(158ppb)

( a )mco =

-=SAM, SEQ1
---SAM, SEQ2

1500

-~ 1000

AL[

500

0
01 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20
Time [min.]

2000
(b) =A
1500 // +5:M.SEQ1 |

~ } \/——\' ~SAM,SEQ2
1000 i -
500 \

1]
0 1 2 3 4 5 6 7 &8 9 101112 13 14 15 16 17 18 19 20
Time [min.]

—,_._HY_ B

3 DNA/SAM/Au Bt D(E 528 k(@)= % J —/L
(90ppm) (b) V-V F/LfE A F/L(158ppb)

L7zEE 255, K 3 12 DNA/SAM/Au iD=
Az, K 3()dk0 SAM Effilcky, =&/ —u
FRHREOAG B3R UT=Z &M h o7, X 3(b) LD
SAM {EHZ XD, FIUF LEEAF A IR OAE B
SEQI TI/hEL, SEQ2 TIERENZENI -T2,
SAM (=4 )=V EWRAETDREEZD D, SAM L&t
I(ZIEAfL 72 DNA TiZ, SEQL, SEQ2 DELFIDENT
FUFIVEEATF AT DIGE N R e ol ZOTE
225 DNA X SAM DFLAA DI A% 3R
I CED RN D Z b olz, [ H DR
XXX F ) — )V 4~90 ppm OFEHFHANTIE—E
TdhoTee FVFAEEAT VL RICH A RSN,
HE LR E RPN TIX, REIZWAESNDH A
ST ORENERLT- 20 B 2 BN, 5%, i
FRFE 7222 m AL A RRET 2,

(& i 3C)

1. Shogo Suzuki, Takumi Maeda, Takahiro Ogura,
Shoma Suzuki, Terunori Kaihara and Hiromasa
Shimizu, “Modulation of surface plasmon
resonance by magnetization reversal in Au / Fe /
Au trilayer and wedge structure for achieving
higher refractive index sensitivity”, Japanese
Journal of Applied Physics, 58, SBBI06 (2021).

2. Hiromasa Shimizu, Takahiro Ogura, Takumi
Maeda, and Shogo Suzuki, “A Wedge—Shaped Au
Thin Film: Integrating Multiple Surface Plasmon
Resonance Sensors in a Single Chip and

Enhancing the Figure of Merit”, Frontiers in

Nanotechnology, 3, 724528 (2021).
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AR o B a—2ET )L Si:P OEEIZANT T2 3P DAL A A F X7 A i

e IR FIEROME BT St 2 — B Al

RO

R RT 2 B a =4 (QC) 73 AT B AT ¥ — 78K (SIP) ORI 1 72 BB /e R
F BTEY R LTHRD PP EOAE S F AT 17 ZCHES DHFROBIGTH 5. MIILEOHERE

Mz, PP B ORERBI 7R 5 & F D MDD D 13,

(T, ARBFFE TP BOME S 2T D FiEE LT,
(2 &Y 3P ORI L A B HRR R
(CHRER U7, mgheRse XU BIRAT S OV 72 NMIR ] E 705 AT RE

% 7= NMR (DNP-NMR)

T & D7 OERER IS (NMR) (2 X 2 EEEEH 5]
E A IS (ESR) 12 X 2 R mimeh 2=

ZEE AR PO IR S5 Z & CEEEN
ML 4 L (meanderline) % fH AR A

AT2 ESRANMR - HRGAHEE AR 28 22 BR%E L. SE:P 28 QC & L CTHERET 2 IBIRIE « & Atk (7= 300

mK + H>3T) (23 T P-DNP-NMR HlIiEIZ LV P A B O EHBLANC R THIO TRlcdh L7z,
Millimeter-Wave
o . Tris (¢ 0.6) +
[ﬁ%ﬁ:l@ j’/\s J: U\Ek%] Spherical mirror ~.| |[«——— Rectangular Waveguide

AHFFED B B9IL, Kane [ZEVIRES N SiP 5
NV T8 Ci[p5Sx=
&7 3P ALY UG 5% DNP-NMR 2RI LD
P2 M FUZ BT TAT O 3P DA A A
IVAEHONCT HZETHD, HRIZERIZHIT, K
WFFETI, BRI - 5 I B (TS 03K - H>3T)
(ZH WO T AT RE 22 — EEAE S AL R T L IR R 2 BR %
£ PP EEOfmE A B S
RIS B OB A B LT,

AWFFETIE, B 1IR3 K 9 72, Fabry-Pérot it
HIRZFEFPRYNIZ - E A = A L 2 M AIA LTS

T8 5 LN FH SRR A5 2 B %6 L 7, FPR 3K -~ D
2 BOIT—ICko TS TEBY, FHEilo

— FEBIZHEIEAL > NMR =2 A /L’meanderline”
BELZbDOTHD, MIENRTHD Si:P il
IFJEZ 260 pm (2 EDEARTEIRZ L TN D728, %)
SR E < NMR M RF & A419 %728 meanderline

FaLta—T 4T EEIT

L. DNP |

-~
N
~

\11

R
L

(Copper)

Flat mirror

A, I

meanderline

Thin gold layer

Kapton film

Piezo Actuator

Graphite rod

Base Block
(Titanium)

[ 1. FPR PIZ - = /" meanderline” %734 A/ 72
EBRIE SR OB,

BA%E 21T o 72, ESR/NMR ¥ O 5t 2 7= 8k &
I B FEOE T—
HZHT T 4 B2 ANy Z LT Au DR
Thb, I VEKLORFICE DD Skin depth 1%
I OHHUZ K > TR E D72, ESR Ol H>
513 1 K BV N OBREEEIC BT I U A ER
S5, Q ffi(Quality Factor) O WMEESMLEETH
%, —J7 NMR JE&EE ) Eo =iz
PERRDEN D, BETOBB = F/LF—n 2K
WD T=8 | R AE N Z & 3 FR S 41 ESR D EK
E ML= RFAT7DOREKREZRD, 1 K LT OBIKE

B0 ELTHWTWY

L5\ RE Dt



FIIZ B W THRE R EE L RET 5720, BEEO
R72 % Au BUERE A BUE L | WK He TRLEESEIRIC IS
75 NMR = 2 —80E DR ERFIEZ T2, Z
DWRFERAEMED S | K72 Au B O IRE 13
1.6x10%> nm & 7> 7=, meanderline =1 A /L DRI
37 =/ —/L PCB Z & L, CNC 771 A
WXk af VBWEER T o7, Ty FEHnz
PF-NMR (Z XV = a3 —(5 52K & 72 2 35006 w
ARG ¢ DEERIT wie=1:2 TH O | AHFFRIC
78 A LV OHERDI R E STz,

BAFL7- FPR 3LiR#5% *He-*He AR BRI ITHE
FRIAFHREZLT -T2, 130.15 GHz K ¥ 220 mK TD
Si:P (23175 3P £
T STTITE M B IC Lo Ty
DILIGHRABIIL |

(H-Line) DR A edm 28

1285 ESR AT V& 2 1R
BEhiz 2 R
FHRULERS D ESR AL
SHRIZEY DNP #E&1T o7
EHEDLDTIHD, ZDOARTWVIREDFENS, BOE
HRRABIZ L~ 83%EEAMRIRL TWHZ &3 Do
72o DNP JRHED 3P fEAL 2% ENDOR JHIE%
o7 B A1 3 127, 139.03 MHz 3T % Tl 23
ERALTWDZENS, ZOBEEICIBNT 3P %
IZE01E5
A7z NMR JEHEHA FC 3'P-DNP-NMR #1757
i RA R 412779, NMR #IEIL DNP #fEE2 772
ELEEL LTAT 272, A

HEHRD) DB PAL y Za—F 503 GoN5E TES

FUBIRERI R 25 ps)IZZE(b A3 B, thoofIE TIE 2k
DEENSTZ, ZHUE 1 EED NMR JHIEIZLY DNP R
REDMIEEE S, BOE DR BB IR o 1o F TR 5,
SIP 28D NMR B 52 W 2728 #2-5 D
W 7T RELTHL IPDZELS Wb O %4
ABNZRT, IR LGN L0 3P D

{EEFILIZZ L 08bh o7, ENDOR HIE

5 [a]> NMR I EZHEFEL

[%] 2. 130 GHz, 220 mK |2

Intensity (a.u)

138.8

X 3. 220 mK (2

2

NMR signal (V)
= —

[
—

[X] 4. 139.03 MHz, 220 mK (Z

NMR (Z

(& 2 3
1.

Intensity (a.u)

220 mK The ESR intensity of
this resonance line is monitored.
:ﬂ\/\ij H-line
before DNP
<+ Irradiated area
after DNP
(Start)
after ENDOR
(END)
L ! ! ! !
4.650 4.652 4.654 4.656 4.658 4.660
Field (T)

220 mK

’after—DNP
[(Start) |

after ENDOR

n o (END)
A A
Wit m v

ENDOR

1389 139.0 139.1 139.2

Frequency (MHz)

¥+ %5 ENDOR #I5E,

BT 5 ESR A7 kL,

T
[

Trace #1 4{¥2~#5)

23

#2

#1 (DNP-NME)

EEBLNIC I L2 B 2 6%,

52, pp.305-315, (2021).

52, pp.317-335, (2021).

R, T, Al B e al,
SRR

a8 % 31 %, No.1, (2021).

B % 3'P-DNP-NMR Hl/&

Yuya Ishikawa et al., Applied Magnetic Resonance

Yuya Ishikawa et al., Applied Magnetic Resonance
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B 7 u— 7 PRSI 1D MEMS O h B K e LA

1l

WFFEE FRRARSE T80 Bhg i BEX
(A FE B2 )

ARFFETIL, BT 01— 7 BEAMEI L > T MEMS OB LAHEZFEIT 522 R 202 BEEEL, O
TR 2SR U7 R TR DB 7 v e T e — T 7 o — BB C LA B E R o = iR bR
DERLGAR, BALIMOFHEAT 72, BAFE LI O T ZHIEREIC LT MEMS 2 P NDX A Y7 T L7728
B, v Rt CEIINT 20T AARE L. JEREO T A2HNSE 512060, By iKHiFE 1o
WHUEDN AT HZE 2T HAT 52 LN TET.

(et 35 L ORER)

Micro Electro Mechanical Systems (MEMS)iZ, #ii%
RO R R 2R TR S TS, MEMS (13
MR IZ 72 8 OEEZFI L TV D T EDRF
Thb. BRI LV ST BB EZ R T 5
FDICE = P RS LR USRS TS,
ZUX, XA 7 LBIDIE e HROE MRl
CHWHN TV, B IRERNRIT, FIHnS
MO B THREUEA LT 2L 272
DTHD. RMDIEBIZ L > TRYET HZE13TED
728, MEMS BEF a2 E0@fMENE . B
HEH RA V- MEMS B3O 1T, B #E
PV ORE, BIRPEEET S, vy i
RAE MNP RAIC, ZIESETZBICE
PUEDOZALZFHIT D Vo Rl 23 T T
.

W72 7 S A AZ LRI BLES - BT D F kL
LT, &M r— 7 B8 (Scanning Probe
Microscope: SPM)23&%. SPM TI3Jedifb i i-
FHCIEREE E R T DL TRETRSCHIEDN
BRGNS FTRE T . SPM L TR

K23 BT RE 72 S5 A ) BA A 8% (Atomic  Force
Microscope: AFM) &3k [fii FEA7 53 A7 23 G HAI W BE 72 7
B —T 7 3 — AFEMEE (Kelvin—probe Force
Microscope: KFM)23&%. ZALETIZ, SPM & AW T
NI DABRB AT — R DEAT A A% EE
BiE T CRHUIT 2 FIESMRREIN TV D, FERIC
SPMZ W5 Z & TE = ikt Y DR L EALD
BALDS, B OB 2B & T KA ZE B O FHHI
THIENTED.

AWFFETIE, EEM T o— 7 HEMEICL-T
MEMS O SR MEZ R T 22 La R 3 2L %
HEREL, O ZHENEHEZFEHL 72 SPM (2L 58)
VEFROY =/ e P OB 4, B AR D
HEAToT.

KWFZECOE T IKPT DEENL 43R S BALSY
MOFHFIELZK 1 IR ABFETIE, ZE'r
PRSI = IR AR e L TR L
7=. AFM [ ZEREEHEIZ/E N T oM BAEH &t
HL, RERA ST 5. KEM IEEFEK O
I TREI O R HOBN A Z TGS 5. OF
LA EINT B[4 T AFM, KEMIZX- Tkl mz



ERL, REPRELZmAEMDOZEND, xR
Pl Y OB EBEHUEDO LA Rt L 7.

[ ace | [ Phase shifter

PI controller
for KFM

]

¥
AFM
PI controller image
for AFM
KFM
|; image
High voltage
driver

2 EBIC ®j{4% &E& L7= SEM %

0

02 L y =-0.0214x + 0.7286

04 E

06 F oo

-0.8

Potential [V]

1 F

-1.2
45 50 55 60 65 70 75

Position [um]

3 RmEENEH

ARG THE, B e M ERES 2T
DFEE Y (2SMPP-03, OMRON) & #H#IL7z. E
IR IIF AT T T L BICA RSN TR
D, TV P EEAETEREL TV, B ig
O HOEABEAE RELT DDA AT 7T LD
WEBIC STV D,

%7, Electron Beam Induced Current (EBIC) (24
DYV ERBR T OIIREALEZREL . ¥ 21203
SEM L EBIC 4 G b 7ob D", EBICT
(X pn HEEICETFRAFRTHILCERNEAT
5. SRIOF T TIIE = KT FE T O FTHEAE N
DO, BT EHLHRE T DIARENLE D3 D5,
4 HOE=VIRIIE T RHLIEN DD, VR
LB A DO > TODER N EIZOT AT LD
PUBENEALT Dy L7205,

TIF 2 — B TEMEEHIET, FIThFAIC
ERL TS, Lo, BELIEMOT R EFINT
TTHY, BANRKRELRDEEMOT AL T
WHEEZBNS. BT 0T 7 AT/ TR
PIE#RARLTWD (M 3). Fe/h R lE RO
EMHBAFRERELTO|PILRLEZZHZENTE, HI
INSNTJERE OF B KE L2 D LT/ NEL e
HTENDOIY, THUFRBEEE N — T 5. Fe,
e/ ZIRATELEARD D KESMTOBEFTLHY,
B D LU DTFAET D LTS
ZENTED.

(&R )

1. K. Nakazawa, T. Tanaka, T. Uruma, and F. Iwata,
“Evaluation of displacement and surface potential
of a micro—piezoresistor by a Kelvin probe force

ICSPMZ28, S5-36 (2020)

microscope,”
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i O i 2 4y F- % et O & 95 n B RENSER O RIIRMERTERIA O BHZE &
R E RS BBt~ D i

WHoEd A H BRI TR I @I @A

(TR DR EL]

REF 1 Thcalr . M A (BT LI TR AT AL B ZAIR PR E IMA D L i sl 3 B | AR
72 n A ERTHLHRIL U EAAINAEZALT DL NI LT, ABFFETIEZO MR s AR A~Y L
VEAALIR B ENZR n BUEBAEERTHD RV B AALINO AERMERTBR AL L TR AT 5E b, 2ha
IR LA BRI A PR JE § 5 2 L& HOICHEJE 21T o7, ZORER, (1) T HF AT AL 2243
) NI SR R B PERITBIAR L SR FT S PERT IR DO W EL THORE T D2 L2 RRET DL EBIT, (2)
R ATYARYL B AAIR | & RAT—/V TR T DT/ i A ML LTz, AT, AFZE251 T S il ke
TREADERITHEEN, X ELTHRETDICEST,

(A FER% i 35 KOV R
1. BVE BRI T AR TER AL L CTOF A

REH DRI U7 TR R AR ARV L B ZAIR
(1)1, (1) BHEABE R L CEN AR 2R
FEEHIT, (2) HRBUCL ST n BIGHEARTH
LRIV EAAINAEZAE T D, TSI A LR
BRIRISRDBND ST ATZL TN D, £ 2 Chit s
ALYV B AAINZ AEE PR ARE L TRV, A
BN T L AR BAE R BTl e,

WEEAR
R RYLYEZRIIE 1
o (S=SorS0)
HEENMAICHR. BREHEW

nBUEBEE, BERIEAEN

1. BB AR AU L B AAIR

R ATARYL B AAIR | D7 maR/L AEIR
(REE:5 g L) ZFMITH T L. Z4va 30 DR, (A
#28 2000 rpm TAE L m—hL7-, T8 5, Thidh

FATLAYL B AN O FEEIE S A BT RS
iz, £ D% A 230 BT 5 N 224,
Tt S5 WL B SO 2 AT S 7, et 12 A DA s
O RICeEREAESE, BT DR TFE5T

Vg=60V

W = 1000 pm

Ibs/ 105 A

[4e=041cm2 V-1 5|

0
0 10 20 30 40 50 60

Vos !V
2. NERLT-FEER DRI T AL DML
Ak
BN T OIRER AL 72 (K 2) . ZOf
B BBED R 0.41 cm? V! s O n BT HEHE 1K
ELUTHERE T D2 E AL R o T, 7E | fERDH
ZERAB LS TRRIESNTe YL U ERA IR D
BEIEL 0.60 cm? V! s ERIESNTWD, T2
B BZEAEIILET 2B B E 2 ik 7 e AL



STHEBATLHIENTEI, 2B, FTIEEF 12 A
VERIL 7223, PO EEL 0.13 em? V7 571 T (R
7213013 em?® V' s Tho Tz, FREBIMED ) E2V5
DB DEE Z BN,

2. MEBTIVTYEHERTEREL L COF A
M. VSR Ar e AT B A S L CoR Tk

(Z L DN BLBE S S N2 Lo ORI A 52 5
NDHZEZFEFELTZ, — 7 BUC RO BT3B D
HRINREL FFCT TAF IR EDTLHFT TV
B B~ DRUREZ S JE LT BRI R STV,
ZZTHAEWITL DL AL IR MO (ERC
DWTHRREEITIRoTe, THE /bIHE T DB
B3 0.08 cm? V7! 57! ThoTo, ZIUTEEHOY;
BLHARDEE N, I2720 WO HREF Aol b
5 BEEDITHOETBLEIL L~ TR T2,

3. ZARMEFRMEA RIEDB 5

B S WD T A AT AU L B 2R | OB AR
FEEE (X 3a) 13, LR OMEE S ARMED LR L G AL
DRAT—IAGITIZE G Tl 22T 3b 1R
THTHLE RS A BIR LTz, 2SR, TREILT

IZEESNDEEBIC HFE LIz, Fo,
KA —=/ALL AIRE T, Bl AT AL B2 A3
RERK 1.4 g (5HZENTET, Fo AINE Lo
A FEDAT Yy S ITEANTHIEL AR o7,
ZIT HE—
DN A a7 F L EEIRE NI T Y — L Rl
ST kkx pEHR A AINER BICR S FRIAE !
12 FREEAIH L=,

I RIT 14%12

T IVRIVEL T VR L EL . X

(@)
o) (o]
S0 g ok obe
’ . d CgHiz—N
5y~ 5o s
d 70°C

3 steps 9
24% yield 64% yield

NaZS
1 CgH17—
DMF
N-CgH
60°C &7 3steps
47% yield 17% yield

Total: 8 steps, 1.2% yield, up to 76 mg

O 5 steps

25% yield

CgH17NH; Na,$

1
EtOH DMF
70°C 60 °C

| Total: 7 steps, 14% vyield, upto 1.4 g |

3. (RMNCPIELILS
=B KRR IS

AR & (D) BT 7 BHFE L

4. TES DR
EROWFEEATOWMBR CIREN DAL TRFE

Flx, RFEFEAAYL U EAAIRDOBIFE V2 To72,

ZORRE Wiley-VCH #1:5FI D Angew. Chem. Int.

Ed 75 (2020 5AL 8T T 775 — = 15.336) IZHeHk

STV,

(FFam0)
1. M. Odajima, K. Tajima, N. Fukui, H. Shinokubo,
Angew. Chem. Int. Ed. 2021, 60, 15838.



[k 38 -19]
L H A B L U S R S RN L O BF SRR R

P BB HANRR AR PR PR LR Bd )il Wz
(A FE B2 )

JeiIE ICBRFE L TE72 Si b Ge T A AH & HARE L, K 0.8-1.7 pm OELEARIMEIRD Si R
RS DFFEBRFE 24T > T D, iEIE B H 220 (FREAS) IS L TR ERBRN 8 i2dh
%o IR KITITEBYL LT Ge B (k370 ) OFABE N THY, F- IR UM » T HLA K G4 R
RACKDENEE Ge TERRDAIMEZEIELT-, #FOT HAHMLTZ Ge @A MWEERORETHIED | 1.60
um P ED B RIR TR NIRRT DR ST,

(W FERE 36 L ORI AR

JeiE S FICBIFEL T& T2 Si b Ge T SAAH
iz L, R 0.8-1.7 um OFHEIRIL (SWIR:
short-wave infra-red) fE D Si & @R £ PO
WFFEBH R 2 AT 2> CD, HENERS - R oL —
YL — & =0 IO NI BIRIEREZ 1 2L
Tk RN END, JLiE(E H OB
Ge 324 Tl SWIR DMV R 1.55 pm (23T
80%LL b DR R e R TE L, B HIGH T
WL % H R ZE D (FEE S D06 LT
TN EAMENSUCTRE D B D, 52BN R D T
EELTEL (1) Ge JERAE, (2) SRy 7 ULHE
(CEDIERINIE R, (B) T T v =ifs, (4) 2 &
B 7T X' g a R L7 I R 3 5
ZHND, AWFZETIE, [(1) Ge EBL B LT (2)
INURF Ry U E DS ERINE K &R E L7z,

[(1)Ge EEALNIZBEL T, Bl X245
T0%ZEDAHIZIE 3 ym OEERLETHDHD, Ge
J& DG AR RN R PR L 72 D L ICRE D B D,
PERATIRNHIELEL T, P F AR R R 12 LD
JE A2 MR F L 72, Si(001)™ =/~ N o> [100] 7 [7)

(EF L 45 B2 5 ) IS > T, 77 m g -
BRIUARSDR U FEERLL , Ge DR EZ
179, MIBED(100) 1 T, JEH 0>(001) i & [FER 72
FE Ot AR 3L 22 (BEHERDZR (11015 AT R L
T FAEE TR AR 3Rl S D) . e
SN Vo]0 @ it O] a5 i b e N G /4=
CIRED I o F R THIATL Z LN TED L
(722,

EBRI b FHLARE SRR AT o T R A X 1
(R, il A PR (TEM) (Z K0T 2Bl 42 L
72, Si(100)7 = R HENZHEASH 0.6 pm, BEEAHY 1.0
um O FEFRLL | B B 22 b7 S R R
FORRIE 0.5 um (001 DIGE) D Ge TS
XU/ ELTZ, K 1(@D[100]R > T TIXNE
23 Ge THIOIAEIL TWDDIZHKIL, X 1(b)D[110]k
LU CiE 0.5 um I EISHIREN TS, X 1)
[L00]RL- > T Tl HIRFL TUNz&dsY | {HIBEOD(100)
T T JEE T 0D (00 1) & [RIAR 72 20 FE Dl i i = 3 L
2V, ERFE TRV Ge T TEDZENEFETE
7o Ge H1 D F R s (BRAL) 13, TERDIELIRD Ge
JE& LIRER ., R O IR EVLEE (800 CHEEE) TR



TEHIEL DT, ZEAIEH TIE Ge O EAIH
A KT HUENSLID | b T % B - 10
WUER LT T L ARG Z HEH L T D, Ge ik
RHBROMELHR T HEEHIT, pin HEEEZTEKLTC
ZOEE IS L L RO G ZHED LT ET
EoYaR

Ge' Ge

Q =

L U [110]

1pum

(a) [100]RL> 5
1 R FHIA Ge JE DM TEM 14

(b) [110]pL >

[(2) SR Xy Z U LD SR IUE R NITBIL
TI&, Simon—quartz(SOQ) VI Ge JEDOFI &
Fha L7z, A h THIEERET DL T, Ge JEH D
FIBRAS O B 0.3%Lh EIZHsRE NS (B
FREZEC LR AR HER 7SI Btk A W35 81306
0.2%) , JEWRULIREAK 1.65 um [ZEH (L4555,
ZHOBENFDHIFFCTED, [} 2 (22 IATb
IV (Ge I :0.5 um) 759, Si I Ge S HARHIZEL A~
SOQ k Ge a3 ME L7z 4 i (1.46-1.64
pwm) TEZHENEMABENMUT, 1.50 um LLETOZ
S FIENNT O BRI LD I RIIE K D 2h R
ThD, 1.50 um BLF CIEZEEEIC LD
FINFEL CODLMIRTED, Ge EA~MESU IR AT
T HZET 150 pm LA EDOE R THSHIZRE
whEz ) B CEDHIEETREL TV,

Wavelength (um)

165 1.6 155 15 145
0.45 pr g
0.4 F = € S
0.35
0.3
0.25
0.2
0.15
0.1
0.05 E
O:lll i N NS NS N
0.74 0.76 0.78 0.8 0.82 0.84 0.86

Photon energy (eV)

Ge on SOQ

T
sl bl il

Ge on p-Si

Responsivity (A/W)

2 SOQ BLVSI & Ge ZIt8em e Hebk

ERRORRIE, S B S AE S CT H B
RRKL TR, 7 —F a2l CATaE~i SR
FTHIEETEL TS, iEMITEIZE T 203, Ge #l
fa AR B L OV YRt FICBIL T 2021 ARIZLL RO
AL TR LT, SRITIEHT D,

(A 3
1. Riku Katamawari, Kazuki Kawashita, Takeshi
Yasuhiko

Hizawa, and [shikawa:

“Si—capping-induced surface roughening on the
strip structures of Ge selectively grown on an Si
substrate”, J. Vac. Sci. Technol. B 39 (4),

042204 (2021).

2. Yasuhiko Ishikawa, Kyosuke Noguchi, Mayu

Tachibana, Kazuki Kawashita, Ryota Oyamada,

Kazumi  Motomura, Shuhei Sonoi, Riku
Katamawari, and Takeshi Hizawa: “Selective
Epitaxy of Submicron Ge Wire Structures for
Photodetectors and Optical Modulators in Si
Photonics”, ECS Trans. 104 (4), pp. 147 - 155

(2021).



[ A% 38 —20]
N L5y OeiE 2R FH U IHRE

W —E AR & B EO EREEE DY EL O

WHIeE KRERRZEPEEFEOITEET Bh% kM &l

(WFZE D)

T T O RBUBERLOBLR T, RILROEREIN THL BT Ea— 2O TRER T OEF

AEVBERSN TG, BT AE T
BRI TRLE

(. MELDBRR NS E 2 BN TVD, ARHFSETIE

VIREELLT2oODHERL (PR | ALV L0 FMERIRO STl
TEINTND, ZOH— OB EA &1 ) FMICRH 2L T IFWE I
RIS 3H A B O KA IS D ERA DR EEZELZ LN TEL), BUR Tl & 1IREE

PR X F¥K
EDfEEE LT

CINFETH-AEUCELTIAE BESTWpoTe sy
FHLEZM A ISR AL, B iREOERR L SE T 522 ARVELIN

AUTHRZI LT, T, BEAF

DM EERIZIBN TS IR B BB RE 25 ) DT T 2 W B R FHEOR M A B %5,

(W 7EfeE 36 L OB R
EA AL D2REE B+ FINHOHE . =%
VX — & ROMERFNIRER (1) & B )W 72 i AH

BA MR 2T DRGRAIRE ] (T2) 28 R <8,

WE T O PEEIICRY, BEFarta—2 0
IS DB TIL Th, EVDITER EGDTDIT N EL
T2 IR UIE fE ( C R AE T RO S IRIAATENL
FRREFNIREIH] (T27) DN DR G L7025, AHFFETH]
W5 GaAs M B L7255
DHEDHILTND Si DIGEIE T = 2 us BlESh
TW5, ZORAFIZI T E ot a—2E LT
RO Z R =B D721
BRSO TND,

— 7T, HEMEOHR T — D RFRMEE A
EUBERE THD, Fil X, ERb b REL(E
Dt Bl B R 2 EHL T DRER (Two) 13, 1%
N R IA N E ST DL CRAT HIREIR %
LT Top = 100 ns FREE, FBR7R TR Z LI-f0 )N
Wt % VT Ton = 2.5 ns RESIL TV D, 2D 8D

Al T =20ns. FITHE%E

VBEZR 99% DAL

IRIBIMOE 2L DR NG & DAL i S ED
A RA BN O MBI EAEH OB WD F
15 (Twa = 200 ns FEELIEV) BIFEL TRY, ZDFF
KL FIME DDA I TILZ O R EAEH (B AR5
A OAE CHREMEAE) Z @) TR 52 L12E
JiLiz,

A /AVAVARS

AEVUYrLVENRALEEEREVRE

RyrRk>RIL REVEEREER
B4 1. 2y FRRHLE & NEE A B BLE R AR 2

MIA DT A AR EORE A

P BT AL
WL, XEVHRMET B0 T3, MRS R,

BN T/ R — L O e R O
G, WhWL TR Ry MBS ETHD, 20 FLL L

LUV THCIAD



AIPLITEET, B FHEMICHABE SN TE L=
Ry M, B—& Ry MO2EE Ry MNCEM T2
B REEFE O G L LTIz, FLD S ATAFZET
FXZOFPAZILRL  SHEL4HE Ry MCT2EMAY
ICE A Z2BESE BRI R FIELZIZEL .
BOlE CIIAE U 2B S ERMNOA G #E 98-99%
RO ITAE Ty b | iEZ B LT, Zodh B Hdfiz
EHLT, ek oA A EdEOm Ex BiELT-
(¥1),

AB U MR A B BAEMZT LT
A B WD, FeATHFZE L Fhle L C Ry
WCRD L AEZE L, 1. AL HE AR A2 5
ORI 32 7 8 A8 A i 5 kLTl g1
BLEL7Z 1Rt E Ry b, 2. AL E2 w6E
(292 HERE JE i A (NMR SEL7JRER) J0d +-43 1258
WEFRFYRDOBI O RN, NSO B
I ANDTZOI, B O FRERGTHE | ISR 72
JEFIE BT o7l | AB A ATE S H CIE
W, EHLRL BT,

TR, & FEHOBKIEZ BRI EBL T 5
MV EA RIS B S AT 20 B2, BT Ry ol
LA OEAEHIEZ FTREIZ T 5, EEEND
20GHz #HETOLu AW AT L FbE LT B
BAREEL 2RO S E T2z,

AREBRITEY), 2EN Y (B2 572018 1 KFE
THE) TOEECSNT- AL BIEO KL MBI
EVOmBE(LEfF5 B IZ o T
AL AEH DMK R ANALE L QO AR BAE
HOFRENFEFRIIBOIVRWIRD R J AT
7o

L TRF Ry O RAECHUNEEOBREE /R E
A HUES 2L — 2 a B IRLLADE TV

TWeb DD M

TAER . PRI L T3EEFRYMIAR>THID T
15 5D K740 DAL R IEH
ERRT HZENAGN

& (Accelerated
127227 (

spin resonance) %

2),

o

133

<}
T

I

N

@
T

1 e data
—— frastrabi = 199.7 = 5.6 MHz
fsiowrabi = 187.9 + 5.8 MHz

Spin down probability
=} =]
w B
o o
T T

o

w

S
T

i I T L
0 5 10 15 20
Burst time [ns]

B 2. FERR S NTZHTEWITH A B
YELRIZIX, BT AY L E B EIS S DRI L

LU CAEVEEIEE 23 A LT 5b 0L THlSh T

0, A EIFFHIE R RO DO TENLS OB

R, Bz 0 N JE 5 O BADME B9 2k 5 9%

By FORHTAR I (SRR RV B IRIZ K > T DM

WENEESNDE (Noise robustness) . 2 Tl

72 BHE TRy hD 53 FERDOBIE IZLOMFEIEL RN

PRI KD R A E BRIl T & T,
CNHOMEE I, Bk 2B BT i I

B DB A M OB T2 AR £ 72 5 AT REME 2

PN SUNE RS OIS R R /L T R RNE 2UN - SN

BRIUCT HTDbDEE XD,

(F&Fam )

1. T.Fujita, Y. Matsumoto, A. Ludwig, A.D. Wieck,
A. Oiwa, “Accelerated electric-dipole spin
resonance in a quantum dot array” (2021). Recent
Advances in Semiconductor Qubits ¥ S

2. Y. Matsumoto, T. Fujita et al., “Noise-robust

classification of single-shot electron spin readouts

using a deep neural network” npj Quantum

Information 7, 136 (2021).



[Bhk 38 —21]
ZnSe B A SRS~ A 7)o RRLERSLERE APD D BR%E

WHIEE SIURFE T g rie Ak

(A FE AR 22 )

SRR AR IER, KRR, KICFERE DR % 1253 B COISHAR IR S TRY, VAR AU RE vy
HUERTIHD GaN, SiC, ZnSe % W2 T RT3z 7 4 M A4 —R(APD)S KR IR B DSR4 M H s L
THFZES LTS, ABFZECTRIRT5 APD %113, ZnSe &8 L U IEfLEREA £ PEDOT:PSS % & @12
LA A7)y FEE T, (KRG B LOMRENEE ) DB I HE R 2B TA M sl
IRNEVST R RZS S TWD. ABFFETIE, SHARDM RIS R L B 5 L T i 8 1R 245
RUTe. E7, BRI EIZERIELT 10 34 1 Kot APD 7L AZAERILIZOTHRE T2.

Ag

(PSRRI IS L O
1 t%{%)%ﬂ%}%@%ﬁ{t i-ZnSSe(0.3, 0.5, 0.7, 0.9um)
{E#UL7- PEDOT:PSS/ZnSe A H- MR A7 U |0 n-ZnSSe (0.5um)
n-ZnSe (20nm)
52571“ APD @%%*%iﬂ&:%f 1 @:ﬂf“j— n-GaAs %*ﬁi n-GaAs substrate
In

|Z MBE % JHU T i-ZnSSe/ n-ZnSSe/n-ZnSe % il =
STz, BB L5 1-ZnSSe DIFIEE 0.3~0.9um &

1: ZnSe RATHE-MEHE N1 7 U » R APD O 1E

Multiplication layer width
(b) 10.3pum ¢, 0. 7unj

Lc. ZTOHAY  a—T 4 T BRI+ NV 7 T7 -
+47C PEDOT:PSS ## gL LT \¥—r =T L .
2 IZHF B IEREME 3 L O 5 3R BR e 0 U451 % 3 il ;
TR MR REE AN T AL, T L— X T e e W
Reverse Voltage (V) Reverce Voltage(V)
U UREIE Ve XML TV DA E SR X 20 A7 v KAPD 0@ FETE L Ob)Bi(E%

1.0MV/em(0.3um)2>5 0.68MV/em(0.9um) (2 {8 L
TV, RIZ, HHEERE CORERET L —2
K0 EEED 95%RE) & e KIEAF A X 3 1R T,

10°
0 S S

Dark Current @0.95V,, (A)
S 3

3 LOBIEERIE 0.5um DFE T DT L — 2 & T HIDRE :2.1.

RO THEIL 0.56mA THY, [ENORIEHED D

T LORMIEZ R U, BRI 0.50m OF 3 2000

TFT 2430 (EE BT, Fh, B REIERO THE E 10004
=

[ZOWTHBIEEEIE 0.5um DR FHibmE<, 890
AR LTz, DLEEY, B AT EEIX 0.5um

03 04 05 06 07 08 09
Multiplication Layer Width (um)

) 3 (@QWER(T L—7 X7 EED 95%HHE L
THDHIEN T, (b) HE 5 28 D a5 g R I Ak A7



2. THAAARTBEABLIONAPD 7L A DFEE
FiRL7= APD 11, PEDOT:PSS #JE LI A
NR=AMIT AURER T4 7L TN, B8
FOH 6 FIFLL Th o7, £ZT, PEDOT:PSS )& -

(2 Au SN EMRA TR L 72 APD 7L A% ERIL7-.
4 IT/ERIL7= APD 7L ADE X, Wik, 35
g%~ 7. £7°, PEDOT:PSS & )& FIC{r#
fiREL T SU-8 #ifxBia izl , £D% 7+ Y77
BARATERL LT, Ti/Au BRI g D #
T OB G EIXX 5 1R T 51, /F— @i
TR TETWDIENR NS,

TERL72 APD 7L A DR G H LI B EAX
6 \ZR 7. JHWZ APD U ORI EBRIT R
XWHOOD, UMY —IRFAL TWDHHOT ZRU
TR 28V T —T BTV —r 2 BRI,
D APD TUAZNERLIZEZA, R FEVIL 8~9 HI
Tl BEREMEICOWTHLIETE: 6 ET
O FEIEIT 320 &= LT

7 47T Ti/Au &

(F& 2 3]
1. bARsk, HOFHR, & REERRS, PAHEEE, B IR

e, AR, AAGEE, JTIRCHR, SCEPkESE,

BRI ACHE, THEFFRSS, FRAEFI, "ZnSe KA K-
HERE AT RIS APD T LA DRI%E”, 2021
AR PN A0 B - o B s o [ D S 2 A e
%, Gp-4, 2021 47 A

2. Wk, EIREE —, PR, B RESE, TR
KEE, FARKE, PEAGK, TR, R
B, 7 ZnSe AR ATV YRS APD
T LA DB~ HfE IR O FoE b ~", % 69
G B S BRI 2,
2022 43 H

26p—E301-4,

RRRER

4:7nSe /A 7V v K APD 7 LA O

#01 ——

< Va0 —
?E/ / --E— ﬁ03 N
L) | #04 ——
g Py 505 ——
< hor—

v :
g | #08 ——
o _ , : ‘ “H#09 ——
S U S VB Jg0—

0 10 20 30
Reverse Voltage (V)

6:ZnSe #/A 7Y v K APD 7 L A OB EFFFE



[k 38 —22]

TR — VERBEI RN R w7/ o ik OB

W% EEARY AANLED 74 h=s AR

(WF7E DR

MR R PR

ABFIETIL, T/ A=A — L D22 53 fFREL 7 F-FEREFI I RE ) & Al 9~ D F8 97/ 73 e st 452 B
FELTz, STedile® )i 7 v — 7 PR I S BREE T OB IR TR e B IR S LT AR
BEAHINLZ, SHIC, 2O R 70— 1CL—F—NERE L, 7'o—7 Jeiml A LT #5827/ e
ELTHIHIL, 7r—=7EH FOLFOT7~ A ELER T2 LICE- T, H8) F O+ okee -t Zibzz o

OIS,

(WFZERR I 36 KON AR )

2000 FERHEMN S | BB T/ MG
e S AT RS (RIERE 77 RE V) %
R U7z - S o @ 3 o3 1 8 [
WA THENRIZATDR T WS, 20T 454k
(X, AR FHEONSA AE - BRSSO
AR - MBS D 7Y — B S Vo T e
AR T ) SNBSS TV, Fxlxz
DHFFEST I IV TR 22 fRRE T/ 43tk
VIUT e A A=V T EAT O WIS % St
LC&7e, LOLRnb, fEkot / 4rit
BT T E B OGRS L UM 2 2 ZhEHA
THZELICEEESTWVLDONREBRTH -T2,
ZZTAME TR, M1zl T Loz, o1
A=V OEBSIEBNRE T 0 —T7 & Lz
T - BERETIEIRE &2 Bl U728 ar 2 ik
AWENLTHZ ExRHEEEE LT,

ARFFRDORKHIZE L LT, &RTn—7
PREH el C o FIC AN EBEI DI R AFIINT 5 2 &
\Zf o TEMACSUS A FH R L 72 FEF 2 X 2 1R

®70-7
HVER Ew/
- E

;;__4(/,
. ol
aﬂzgg?f £

BE T TONSE
BET (L ERE

1 51tk - BEREMIEIRE 2 BAw L 72T/ 4
HAED PR

To VAT T IV IR A i ST T
YA MERET D E T A KR KD
BEE— R (2 —2) BSEAICBLII S 7= 23,
L.2oN BREOISHZFNT 2 & T A2k
— 7 HREN L, T — 2 2 (KO B — 7 58N
WL 72, ZOfRIT, 7e— 7 BEHeihE T
DY ATT I 05, ISTEING X 2 #ts i)
BENRICE > TR T A ENS T—2 2RI
FEAMEL L2 2 2R LT D, s IR
REWD AT EFALFEH RN 21T o T 5.



d—Yatk FIVAE

AEpmEE

S VEELEE (a.u.)

T T [ T T
500 600 700 800
N7 kemt)

B 2 SMEBEEE) T C o R BSRE R

BRI RIC L > TR T AR I —va
IR O = 3L X —FEREN IR S iz 2 & ARIK
TEEREMAEDNTFE SN Z Enbiolz,

S HIT, ISSTEING X 2 BB EL 7213 <722
<, &R 7e—78HTFTHEST (TI/)F
F7 =/ —)V) I[ZEEZHIN L ESKNEE) A N
ZHZEIZEsTT I KE=br VY EICEL
IHD LTI LTz, ETHUNEEICEAF L

TR R ZERNFEE I N D Z B broT,
KRR EFE LD THIERTETH D,

IR O ANERIEBIENIANC X 5 40 7-HERE - P
HE2REBT D202, mICEEORR bI1T o7,
BARPIZIE, B A% v & e 2

L AT REF-EARICEEZRINTE S
AR~y REBIEL7 (M 3), F7/=, BEEAM
RFDOFFEEN b HETE 2L ML, ER
HIE AT 2 DR EBLT 72, S 61T, R
OFEFEMIEREERT 2720, B EHrb
S LT~ CHELE RS D AS - SOk
R BRI H R 22 L — A RS % B
LT, o, L=V —HERF LBEOSR
7'm— 7 el DI 2 @R CortEHlg 5 F

#EI—MUE
BB AET - N .
O HAVFLIN
Gl

(ﬁ%%ﬁif%
Bl
1%4%

X 3 A\ EEENEN I AE 2 B0
AT I
HEOLBRE L, REHCBAE A —V R 5252 L&
T NEHEAT S 2 LR FREIC Ao T, &
bz, @7 e —T7oRRERET 52 LI
L oT, Bt nlEE 7 o R HANR L % 52
ﬁbkoﬁﬁwﬁ@ﬁFJ7k%%ﬁﬁﬁE¢
HEEME LB R L. REMLENICT 7 5k
FHURIREZ2 v AT LB R LT,
LLEDOBIFERRIC LY AREDGIT L # A
VT T TR R RFTICEE R - I 5 2 &
MARE L 720 | A% IIHERETET / MPRIBASS - 43

ETVRFvF

et/ oty

FRE == TR ~OICHAB IR S 5,
(&£ =]
1. Taka-aki Yano, Takuo Tanaka, "Plasmon-

enhanced vibrational nanoscopy for molecular

imaging and analysis,” SPIE: Optics and
Photonics, Aug. 1-5, 2021, San Diego. USA.

2. Ryo Kato, Taka-aki Yano and Takuo Tanaka,
"Multi-modal vibrational analysis of blend
polymers using mid-infrared photothermal and

Raman microscopies,"Vib. Spectro. 118, 103333
(2022).



[k 38 —23]

TI~NWYALE AN T T~V BB AT

e (B RFRAN LED 74+ b=/ 201220 B{TBh#k

(WFZE D)

P 1K

2 IR TLZE M 5y #5E 1-(Virtually imaged phased array: VIPANZITARAMEO 53 Y6 @ THIZE S AL, BIE Tl K
TAF X LA A=V RSN TS, VIPA 1R T2 AT, El kw22
TBEHRICEBTED, 7T~V VIPA ZB%TAH CREDE/EE a5 et 4 5F CH—MmHFE K

B AXy L AR IR TTZERIE MBS FTRETH D,

(A% 36 SO

VIPA 3 ARAME Tz o5 e R 1L T
BIIE S, T T L LA b ke A
FY VLA A=V TR SN TN D, K LIRS
BRIZ VIPA 7L T AR A EDILT, Ot
AT IV ZERIC IR FTRE CTh %, RS
BV T MTRE L DL/ FEiE e B3 R
& CHET 2, DA T2 T Vi
TOZEMEHREHF LR THL, ZNNETOHFRT
TR T 27 b3 b SR O CHABE IS H 23
RENTWD, RKWFFETIET T~V 43 645
(THz-TDS)& FIW 2 VIPA A A=V 7% B LT 5,

TV HE BT HESE VW AF Y LA THz
ARV TR REE D, ZDT= , THz # CEE
AHEZR VIPA T DR EIT T2,

1. THz-VIPA &7 OB EIC L 555

THz-VIPA OFFEITV Q EOFHEZETT/ 072,
THz-VIPA ZHEpR T HIREFIT—LLTT T~ LY
W m— g — R AT R m R Y o LR
T —DRTA=FE W, SRS S LA
AA—ROEEETHD 0.43 THz ICFREL ., BiRFF
PAFTRLIZLTA, A R EUR A A R I
DR TET, FINHOE—RTO Q fEIFH 10

(a)

Al mirror Si plate

Tsurupica

THz-VIPA
lens

8

1 THz-VIPA A A — 2 7 OEL

= [iin

Frequency

y

{FSR}




Lock-in Amp.

THz lens f=50mm
error

Detector ~

THz-wave source

l

Mirror

L

th

Flipper

Mirror
Off—at))(lsI ble +
parabolic translatlon
mirror stage

Mirror

0. N \ /

'

Chopper \f
X Flipper
Mirror
1
NIR source |

B2 ATV R A= THFR

Mirror

LUFERFES B, ITARF: VIPA 13100 F2E THD
WXL TURVEA G Sz, 2 mEiis U=
VHRDT T I RPMENN G T D, T4 RAD
1K RIS TT 18 D 53 fERE DA T 27203,
2. THz-EFRANAT VY RA A=V T KRG
PARANHF D VIPA OFRFPEIIBEA CTH D2, THz Y
VIPA FPEIZDOWEIREITHD, EBRITI > Tl %
[ O RTRHEL . BRFHIT 4 — Ry 7 %S
HHN THz A A=V 7 RHEGEA~DITIE T D, ZD
72 THz= T RN AT IV RA A= 7 R %
REELU72[1], HeFR 1T, THz B LR F R
L TERY, 7V —IZXoTHIVE R 03 Pl RE
D, THz W ETARINEDS THz DR AEITITIEE R
ARSI A
AR —4—(186.7 THz, 1.607

YNV A —R(0.43 THz)Z VY,
(ZITAMB LRSS
um)% F e,

THz W LT ARIEITIE R 2 MLl L5570,
R T RO H DFERBEIT— 0L
VREERATER, 20D EEIT— L s

W, R EHRE T DI BT IVEICE
AT —VEREBE L, A AT EFToT, THz L
LRSS E T RBR O % B FTRE Cdo D Z &% iR
Lz, ZONFRITEH 53 fH
1104 pm, TR T 44 pm, Tho7z,
ASBITEE LI R OERAOLIRE THz-TDS,
KA LR T HHETHRIEZED H, SHIZHD
THz-VIPA Y5 R Al ZA T Z 12 8o T THz-VIPA
EITARAN VIPA O FE#EEA TN,
AN

Blx THz & T

RAHIT =Ry %

Grating Sampd

Al mirror

Si plate

THz-VIPA

From/to photoconductive
antenna with THz-TDS comb

3 THz-VIPA Y5 %

(&2 3]

1. Y. Tokizane, et. al, Appl. Opt., 60, B100 (2021).



[ 815k 38 —24]
AU ZYE BN IE SIS IV —T T ARDT LAY X LBHFE -
BB A D=L LFRVET IE

&

WHIEH AR TFRERT: EERAER Pt PiR dtEx e BE

(B FE DA% 3

MR RLEE TRE R C ORBHRAEIL, £ < OEFREBICK O THERIITbh TV 5, i RE, H
FEIKR L CTHRREREESHE STV D, —F TRYYE OB AT & 72356, WRREFHEH
ZFTFIC, [ URAEZME BT 5 LEMERE L D, REZHLNITITV, BEITHET R LE 2 i 2 & A%ET
bD, RERIFHE - BRI 2 2 b2 E D RIERAIL, BROR MLxy 7 &R0 5 5, £ 2T 1943 R
#7% @ Robert Dorfman (327 /v—7"7 A F LI 20K BRRELELRRE LTz, ZOHEIX, BENOH
W UTERAEZEE, BEAOEREICH L TREZITO HFIETHY . IREADEBREEZBEL L D72
K$T25ZLTMARBEZBOTZLNTED, KFETIE, 2O NV—T7F A FOFEAITIBW TEER P

HIRRRE DRI B LA T2,

(et 35 L ORER)

[1Ztiz]

I N—T T AL, MR T IOITEBE PRI
TRIEEREE S DY RS DERIK(T — )
XL CTHREEITI HIETHD, 7 — L OBITEHED
BB ETHIET, EHBIRAE LV BRA LSS
DI BITMA D, Lol T — Tk DR
it DB OREEHEE T D720 DEFH 7 vt

mR i (=3 13

T 11
| %%;é%z%

300006

(X 1] ZVv—7FF 2 O, 6 ADBEZ DR
REZ 3 BN HEFET 541,

APNEEEIRD (KM 1), ZOHEEIEIZOWT, ZE
CEESERFFITOINTEI,

(52 B ]
EEOREREIIIHOMRTTI—NEID, Z0
TT— IR ORI BRI O K281
ELIR9 %, TERMTIE TId, BEERNICHEARA) 720K T
THERT—NVEORIEY 2 EOFmN SN TE
7o —HTHRFRTIEIN—TT X FOFEMLE
HEET LW OGN, BMAEICHRN T T -0
ENDHILEBELTCHE T 1R E A IHEE
RV ERILL T, ZOHAITZ Y it R & THE
EEFITTHT7TY XLOMFEE BT, £72.
T N—TT A N OWREIL T — LV OIED FIZ b IKTE
THN, WG T —TT A NEMERD, Zh
FTCELNTHWIREEREE X 27— VD
0 J5 % R APEE DR A CERYE L, BT v
TY ALZEALCEHEa R S EHIET 5,



[AF7ERR]

(1) TR A | 2 AW IS ) 27— 7 AR
IR WD 2 3 S ) 7 v — 77 AR binary
splitting EFHINDED THDH, ZOIFIETIL, ks
Hrshi= 7 — VBT RE IR E L ESH
— Ttk HrE T — LA EIL, AT
LHETHD, BT — VI BT RAELZERAL
RN EDR | RAEBOHIBI RERREFRFD, Ly
U ARG RSB Tho a8 ZELRESN
RNDT, MEIZHVRE ENLHE I B EMED
EEICRARDS. ZZTRIFIETIE, _AXHEED
Pl T, TR0 A 2 O T2 S A 7 A R 5 1 B
LTz, ZOFEEZRNDE, T —T T AN LD
BOFRVETIERE ) D3RO TrkiedZ &Rz, (3
i 1)
(2) B b A TR DV T

NARREETIL, BEORBIZE T2 HZ MM E
TCICHERR DMT OIS, Btk A 1T E R L5
P, — T CREDRREWIE=1, FEIE=0)ITBERIN 7
ETHD, LTz > T, N —TFTANIEBNTRAZ
HeE % DT AR, T A D DB Ba P
ETDHENUETHD, 2O X7 E ) S R e
EPRDHHME, EFREOS ES E2WH CHLD,
Bl ZI1E, HBHIRRD~—I—D MIEN D EIND, ZD
PRIBIZHERL T EINERD DHITIL, HDHEIE
Ty b7 EE L NITREL TWDHEL, AT
AUTRBL TORW RO DU DD, T M7l
(TIRAFL TR TR A REMED R 503, 2B EAR
TR TELRH LR DIy A T ER R D HID
ZEMZ N, Ll AT LARRED B M7 |
HRODHITIL, BEORERT TIThhro T4
E DD, DEY, BRIEOERITEEDO ADHTT

Ao TRt LI ST NOEIG | ThHhDHT=d, il
ZIELEHII T BICIZd b2 Ui B OREEA D>
TWDBENRD D, BETEG R TH D, —MRITIE,
gold standard EFFITILD, BH DIREEEZ = MEE T
FE T DI ER MR FIEL KT 22T ALED
BB DY MATEEFN T HZEN L, L
L., FrBLEYE/e L | ED X I M i AL L3 72
WIAITIE gold standard &0 HLIE DIy M %
WETHIENTEA,

ARBFFE Tl _ARREH R OB E T N —T
TAMIEH T 5L T BEORENRMDOLET
b (AR LB IEOHEE DIy M T A R E
TELZEZRLT, Flo, IV —T T ANMNIEBWTEE
ERFFE CHOWOIVTW Iy MBI, A5
FRNTHALDRE R fERELTT ARO BN
MDRELZ2STLEIEVOBEAZHGIIL, £D
EEEARETDILITRIIL. GERR L 2, 3),

(&2 3]

1. Ayaka Sakata, “Active pooling design in group
testing based on Bayesian posterior prediction”,
Physical Review E 103, 022110 (2021)

2. WHKER, HERETT [_AXWT V—T T AD
By b A ZEFAME ROC T HEat B (5%
PRITE)

3. Ayaka Sakata and Yoshiyuki Kabashima,
“Decision Theoretic Cutoff and ROC Analysis for
Bayesian Optimal Group Testing”,
arXiv:2110.10877 (2021) (IEEE Transaction on

Information Theory (Z3&Fq H)



(3R 38 -25]

KRB JENRE RO

RENTEE

(W FE O

a7 P R L AR

2 BRI O T

BRSO T HE#dR MOKHTARI Parham
LREIFZEE & ILRSL RSP L sil AR R
FH OB IMESLRP T AgER Rebeds SFEPRER
FH OB WS TTAER Rybed: A Eis

This research aimed towards automatic analysis and synthesis of speech that is rich in expressivity. In line with

the classical source—filter model of speech production, we sought improvements in the performance of algorithms

designed to separate the influence of the glottal flow and the vocal-tract on the speech signal. We improved a

formant—estimation algorithm based on rhamonic subtraction, and investigated the effects of pre—emphasis on

glottal flow estimation. We also recorded and will soon release version 1 of a Japanese database of laryngeal voice

qualities.

(FFERE 36 L ORIR)

Aiming toward physiologically relevant analysis,
modelling and synthesis of expressive human voices,
our research prioritizes automatic estimation of
vocal—tract resonances (formants) and the laryngeal
source (glottal flow) from the acoustic speech signal.

For automatic estimation of the formants, we
improved a previously proposed rhamonic subtraction
algorithm [1]. Formant estimation accuracy usually
for at  higher than normal

degrades speech

fundamental frequency (£). One reason for this
degradation is that the harmonics of high—7% speech
are more separated from each other and do not
properly represent the spectral envelope. Recent
previous work by other researchers proposed a
method of suppressing the effect of the harmonics by

subtracting the corresponding rhamonics in the

cepstral domain. However, we noted that rhamonics
often fail to be removed properly because of the
sample—to—sample variation in the cepstrum. We then
improved the algorithm, by extending the length of
the cepstral windows used to suppress the rhamonics.
As a result, we showed more accurate estimation of
formants on a publicly available dataset (OpenGlot
Repository 3). We also constructed a GUI (Fig. 1) to
both and new formant

visualize conventional

estimation results.

AMRVNTA—2DBE

Fig.1 Formant Estimation GUI [l
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For automatic estimation of glottal flow, Mokhtari
had previously proposed IOP-IAIF, where the speech
signal is first adaptively pre—emphasized. The aim of
[OP (iterative optimal pre—emphasis) was to make the
overall spectral slope relatively flat, so that the next
step of spectral envelope estimation could more
accurately model the vocal—tract transfer function.
Here, we noticed that even IOP-IAIF has difficulty in
yielding a reasonable estimate of the glottal flow for
speech sounds that are far from a modal/voice quality.
We therefore conducted a basic investigation [2] to
find the best amount of pre—emphasis needed to most
accurately estimate the glottal flow in a range of voice
qualities from weak or breathy to strong or pressed.
For this, we used speech samples kindly provided by
Dr. Brad Story (USA) and synthesized by a
computational vocal—tract model, for which the glottal
flow is known (the glottal flow is not directly
measurable in natural human speech). The results,
part of which are shown here in Fig. 2, indicated that
breathy voice requires a greater amount of
pre—emphasis (up to nearly 12 dB/oct, which cannot
be achieved by conventional 1%-order methods, as

indicated by the grey area in Fig. 2), while pressed

voice can require even less than 6 dB/oct. We also

reported the dependence on vowel type and 7 [3].
Finally, in this project we aimed to record a
Japanese multi—speaker database of laryngeal voice
qualities, that could be useful for both basic and
applied research in this field. Due to restrictions
imposed by the ongoing Covid—19 situation in Japan
during 2021, recordings were delayed until late in the
year. Nevertheless, as of this writing, version 1 of the
database includes the voices of 16 Japanese talkers

(10 male and 6 female) in 9 laryngeal voice qualities

and 3 vocal efforts. The speech data were carefully

recorded with a reference microphone setup in a

sound-proof room, then manually segmented and

voice—quality labelled [4]. We plan to release the data
online for the benefit of the research community.

(FEFam )

Lo RS, T2/ — b BRI (2021.6)
[T —F=y 7 BREEE A7 40~ NE K
oo B EHETEIEORES | T HALE 2 TE
. Vol.2021-SLP-137 No.22. 5 pages.

2. FEHER, EZZV = A )R E#(2021.9)
(7Y 77 2w B TAIF (2HS<H
FHEE OIGEEIC 52 D8 A ARFESS
Al T i U4 939-940.

3. FBFHER, B2V NI BRI (2021.9)
[ DOAXTIMVERNET Y708 TAIF (25
OEMRHEE DR EIC B2 D8 AARE
BT FRFJE S EORE Vol.1 No.2 SP-2021-26,
135-137.

4. Mokhtari P., Morikawa D.(2022.3) “Introducing
a Japanese multi—talker database of laryngeal

voice qualities,” H AL im SCEE.
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Liposomes are biological nano—particles made from lipid bilayers. Liposomes have the same structure as cells,
but they do not have a cell nucleus. For this reason, liposomes make an excellent test platform to develop
manipulation techniques for living cells, and other bio—particles such as exosomes. In this research project, the
applicant’s goal was to create a nanophotonic platform to i) Transport and trap liposomes on a nanowaveguide
(optical nanofiber) and ii) couple the liposomes to a nanowaveguide cavity. These novel techniques could provide

new opportunities for diagnosis of diseases, or the realization of biological systems in quantum regimes.

Environment: Lipid
Pure water bilayer

Nanofiber

WF7ERGE 3 LUNECR )

Rhodamine
dye

Background: Liposomes are biological nano—particles

made from lipid bilayers as shown in Fig 1. Liposomes e il /

Pure
water

have the same structure as cells, but they do not have
a cell nucleus. For this reason, liposomes make an

excellent test platform to develop manipulation . . .
Figure 1 : Concept of trapping and transporting

techniques for living cells, and other bio—particles . . . )
of liposomes using an optical nanofiber.

such as exosomes. Use of nanowaveguides will allow

Figure 1) and ii) couple the liposomes to a
the development of integrated optical circuits for

nanowaveguide cavity. Below, we will detail our
trapping, transport and analysis of nanoparticles. This

achievements related to this project.

method could allow new miniaturized technology for
Research results
analysis  of  bio—nanoparticles. However, for
In December 2021, we reported the first use of an

bio—nanoparticles such as liposomes, two large
nanowaveguide (an optical nanofiber) to transport

problems exist: i) particles adhere to the
Liposomes. These liposomes had a sub—micron

nanowaveguide surface and ii) particles are very
diameter (size distribution shown in Fig. 2(a)), making

difficult to trap because of very low refractive index.

them the same size as liposomes used for typical
In this research project, we proposed the creation of a

applications in medical drug development, etc. Our
nanophotonic platform to i) Transport and trap

method of manipulation is very simple, as shown in Fig.

liposomes on a nanowaveguide (optical nanofiber) (see R
2(b). An optical nanofiber (diameter 300 ~ 550 nm)



made from a commercial optical fiber is placed in a
droplet of water containing liposomes. The liposomes
are optically trapped in the evanescent field of the

nanofiber by injecting a 785 nm laser into the fiber. A

540 nm laser is also introduced to make the

dye—tagged liposomes photoluminescence (PL) so

that they can be imaged. Optical trapping and

transport are viewed as shown in Fig. 2(c) where a

liposome moves along the fiber in the same direction

as the optical mode. These images are focused using
an objective lens (OL) and recorded on a standard

CMOS digital camera. Our results showed that

thinner nanofibers performed more efficiently to trap

and transport liposomes, with 360 nm diameter fibers
showing higher transport speeds and longer trap times
compared to a 550 nm diameter fiber. We also
analyzed the experiment theoretically, and our results
suggested that most of the observed behavior could
be explained by optical forces as opposed to heating
effects. These results were reported in Optics Letters

in 2021 [1] and at conferences in the same year [2-4].

Our future plans involve the use of bottle resonators

which we realized in 2021 [5]. We plan to trap

liposomes near to the resonator using a taper trap [6].

(& Fhm 3]
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of an optical nanofiber M Sadgrove, A Suda, R
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Hirano—Iwata, Optical Manipulation and Its
Applications 2021, AW4D. 4 (2021).
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