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AuF/HFERATESI0,7)—REVT 1 TBEOES &SRR
Fabrication and characterization of free-standing SiO; films including Au nanoparticles
BERIKRL', BERIKAT’ CARH ES', —E ER” & BE W F—
Grad. Sch. of Univ. of Shiga Pref. ', Univ. of Shiga Pref.?
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[EFaE B Fexids-v U ar (Au-Si) EBAEEA A IRZRAWZT U o UEEEE (Si0) ~d
A A RS L RKP TOBLIIT LV, Si0, WENZHOIAE NS (Au) T /R Z2 T 57
nERAERE L. TRETIEEICTY 2 (Si) Bk RICER S VB biEEz -y, SR AR
7 PVREIZE Y Au T BT OFHM 21T > TE 72, ZOEKEE 7 ) —2 %2 07 4 71k
T5HZ L THBBART FVORENFREEL 720, ICHSDOIRDOIER ) B TE L2 &0 5,
AW TIZ AT B2 NET 2 SIO D 7 ) — A% T ¢ v T &R AT

[EBREHER] 100 nm OEBEIEATE AL SN WHEFED Si (100) ¥ = ") HE)Y H U723 EHS
IRFEIE 6 kV T AU-Si A A L% RO eA AV BE L, REHTOD 1000 C, 45 53 OEGLER
L BT o To. BVLERRTE T X BREHTHE & LS A7 A OBlE (Fig.2.) %17V, Au T /2 ki
DR AR LT, Z0%, REEEIZT7+ ) V7T 7 412KV ERK 3 mm OROHNTE Al
~ AV EFRR L, SFs T AZH W7 T A~y F 7L KOH KERIZE DV =y by F U7
2RV Si ROy F o 72T, Au F /R E2NE LT Si0 RO 7 ) — 2% 7 1 74k

Z k77, Fig 112 Tl L= E O BB 279, —EBICIEOIEN B 55 5, Z 0k
BT U CHIE L7e O £ 72 130F I A7 bV % Fig. 3.0, = v F 0 ZHi% OB o S A

XY MUVICKREREDR OGN LD, A A VBEEHA~OT Y F o T OB TR oT 2 &
Wbnd., —J, Ty F U THOFBRMANT MLTIE, Au T /R FIZ XD RE T 7 XE VRINE
REAXT MADOT 4 IEICER AN, 2, BERE‘»HO Si o=y F 7T
SiOy % 7 V) — A& ¥ NIZT HBRIS, Si 721 T2 < SIOELEHIIcy F 7 &5 2 L TAu
TR BEREIN, BERNEO Au T 2ROV A X GMHICEENPHTT-0 EHEZIND.
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Fig. 1. Photo of . . . .
18 otoo Fig. 2. Reflectance spectra of SiOz Fig. 3. Reflectance or transmission
free-standing . . . .
films on Si. spectra of Si0:2 films.

Si0g film.
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18p-D62-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

RIGHEHRABESRK T GCIB BHFIKDITYFU I DHRFESLUERE
EREHE
Dependence of Reactive Gas Partial Pressure and Substrate Temperature
on Etching by GCIB Irradiation under a Reactive Gas Atmosphere
RERIKXZT OMICHFEX— TR 2HLE
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Fox OWFGE T N—7"TCld, KIStE= vy F o 7B D8 e RmISER E LT, A7 Z
ALAF 2 E—AGCIB)Z R L CE e, TIVE CTARMFFECIX, =i CRIMMET AR T T
® GCIB BHIC K 2848, &7 A7 b, mWEREToOZ vy F U 72 RET L TE [l &
DIZEMREZWENIT 5 Z LI L > TRIGHET ADOWE BN L, X0 &R0 v F 2 73 HiRF
ENb, —H, KT AZEANTHZ LICL D GCIB &R A L OEZENEML, GCIB D=
INFXF—HRINAEC L7720, =y F U IVREMEET 2 /aEMEN S 5, L72dd o Tl 72 RO
T AGE L EIREZ RO DVLENDH D, £ T, AFETIIEREOT v F o 7 BORIEES
A5 & SRR OWTRFT 21T - 72,

AHFZETIL, Fig.1 [Z R 9RIR T GCIB MUK A3 rIREZR 2518 2 F 7z, BUBHZIE Si R R IZ Al
L 72 M55 S00A @ Co A L, BUGHES A & UCHEER Y 1% V=, 2 Co BEIZHKI L, Os-
GCIB % I#HEE 5kV, A A > B & 5X 10%ions/cm? THAS L, HEBA/YE % 2 X 10°5~2.5 X 10™*Torr
FTCELSED E E BT, BHIEEEZ-60 205 255CETRLEYE, =y F Uo7 RBENELE, £
DFER% Fig2 IZ77, Fig2 £V | FARIRE-60°C Tl RUSHET A3 EREINT 5 Z LI k- T,
Ty FUTEMETT 5D, ZhUL, EEATABENT S Z LT GCIB O R/ F—ME T L27
WEEZOND, Fo. EREGEITAHIZ EICLoTRILGETH-TH, Ty TF o 7aENREEK
T5HZ L EMR LT, BUSHEN A EEEKL LT GCIB & OEZEEIES Lo, WA L -
TR FOWEZRET HZ LIZED, ZyF U T EBEHERIEDLZENAETHL Z LN
BInoTo, EHTIIMOMEI TOT v F o 7 RL. XPS ° AFM Z W - REMREEIZ OV TS

WETDHTETH D,
XKAWFFETF A7 7 (BK) IR K Z = T 72 b DT,
50 Co
Va:5kV =
40 L d:se 5.0 x 10" jons/cm? RiRER
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Fig.1 Overview of low-temperature GCIB irradiation equipment Fig.2 Partial pressure dependence of etching depth of Co film
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18p-D62-3 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

FiEHRYSRE—E—LERAL= Cu BDRS ATy FU T

Dry Etching of Cu films by neutral cluster beam
EERIXFEICMICMBEEN HPFE MAKE SHELE
Univ. of Hyogo, Keisuke Ikeda, Hideaki Tanaka, Masaya Takeuchi, Noriaki Toyoda

E-mail: ei24a003@guh.u-hyogo.ac.jp

EAEOPEAELEIC W, BEE O oENZy F v I/ FEE L URTFRET Yy 7V
7" (Atomic Layer Etching, ALE) 23/ EH & T\ %, AFFEE Ik, #% ALE CffiHHE L3 77 X
< Db v i GCIB(Gas Cluster lon Beam) # vy, KT F L F — 2> KR T O RE KT EERD
EWHAL, ~us v 7 ) —CALE #EHTcZ 3 2WMELCE (1], LA L GCIB l3EEL
0% DEZERY THRUETH Y, FHBIEAL—T Y M R EORERD 5,

T, BAIIPEHN R 72K — v — L GCB(Gas Cluster Beam) # W= KIGlET v F v %
BETL T3, ThE T, Bk GCB I X 2 KMAMIL L IFIRIC X BFRELRBEVIRT Z LI X Vi
ARy 72 ALE 23A[REZR C & %R L C & 72 (2], AWISECIHER %2 3. GCB WG & StHF Tt L
JEHESFRHGIC X 2 Ty F v I oW TR 21T - 72,

X 1ic GCB xHwixzy F v 7oMEZRT, / AVHICHEDHEFEST A ZEANL, BZEH
CHEHE iV hlEs IR - =22 BT 5, F v v S —NITIIRIGHET R %466
T2ZLOHKEIAVHERTIONTEY, KICHETADEZTAEL B ORABE S5, X
LI, VUV HAFEDHREINTE Y, KACEZRES 2 L HBARETH 5, M 21C, BFESRH
& 0,-GCBWEHC X 3 Cuddliio = v F v 7 8O FENIRE K FE % /R 3, GCB 2N EERS <
T30l FIESHER Y CIRENRRE LR e bicny F v VBRI KT 225, BT ADOBRFED A
TH HEMNEST Ty Cld =y F v BB TE o, TOT DL, HHEAR I TR X —IC
FEFITHRCIERERHF Y, £/ v — IR TREAZ ALY -2 525 2 LI ) REKICEE
HELTwEEEZOLNS,
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0 —o-H FIRET(VUVHEREIHE D)
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[1]N.Toyoda et.al., J. Phys. D : Appl. Phys. 50, 184003 (2017).
(217t A, et. al., JOHPIBEEY S 2024 fEREZH S 24p-12B-13
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18p-D62-4 HE5ME MRS AKE LIRS BETHE (2024 KkHMAVLEN2RIFEA YY)

X-ray PEEM RIFE R&AEIVIZF F1-
GCIB EB&YI= & A48 SiNx A > T L > Dt il

Stress control of ultrathin SiNx membrane by GCIB irradiation
for PEEM measurement liquid cell
EERXI' OFAKER' ZHHEY' ZBELE'
Grad. school of Eng., Univ. of Hyogo!, OMasaya Takeuchi !, Arisa Toyota!, Noriaki Toyoda'
E-mail: m_takeuchi@eng.u-hyogo.ac.jp

UFim] 9. BEIEMEIBRELEFEHOF —T A 2 LCGEHEIN TS, REDKFEY
RETLVRATLDBREL D, KRIITNA YV HEEREREZEBLRDHT 52 & THRETE 5208,
CDEEFRELIKBEATADRT ) — FEMICHE L. Z OEBINESRIEICAKT 2 L2 1x
:@ﬂ%ﬂf»%i@}ﬁ:xA%%@tw\Xﬁ”*%ﬁﬁﬁ(memm)%ﬁmt~ﬁ—
NTNVHREORE ZRFTL T 5, ZDHEEIXEZERCTITbN S 72O, WK Fig. 1 I8 TEM
window chip Z W7z MRV ICEIEEI NS, 2D SINk A v 7Ly (KEFEEE) 13, Sik
*ﬁt CSiNk AT L Z D%y 72y F v 7 T5 210X ) BERI NS 23, SiNx AR
WCRE LRGN Y ZoRIZEIHT 2, 2D LI PEEM 4 A —Y 0 EMEZLI R 5,
— I HEIE D IS FIENIC B — DT DA F v e — v o A, 1 [EL LT % 24
BB v NI ) F— K — D SiNk A v 7L VICBEHEESA Y . 2 Ol EMEIZERDbR
%, % Z TR Tk KIBERESREARITH A7 7 A X —4 4 v e — L (GCIB) % H\» 7z SiNx
AV TV v OIS E R 5,
[£B% - #2R] TEM window chip (SiMPore, Inc.) DFRmEEIKIZ, HT¥E (Zygo New view 6300)
Titbiz, ZOKD SiNx A v 7L v OEJEIX 11-12 nm, &L 25 um /1 TH 5, Fig. 2(a)ld A
UPFAD SINk AV 7L VYDEENHiERmLTwS, AV 7L EBROP.LETZE OE X I,
SiNx/Si fHIEIC LT, #7160 nm < o T3 2 &30 h 5, Thd SiNk SUER 4 U 7258
JGINCR T 2, 4 ld, 2D A v 7L VI Ar-GCIB  (kinetic energy; 5 keV., dose; 2 X 10'% ions/cm?)
RS L 72, Z ORI DM % Fig. 2b)ICR T, X vV 7 L v AaiRDs, RIS SiNx/Si | w«13Mm
FEORmIMET LTS 2 & 2l L 7z, AT TliE. SiNx fE~D Ar plasma HE5TiC
&N%ﬁ@@%ﬁib%k%ﬁ%ﬁéﬂ%:aﬁﬁ%énfmé%gw;smx%«M$77x
~EWET ik 0, JERISHB 205 2 E bW I TwE 3, ERdX . Ar-GCIB W5t IC
XY SiNx A v 7L v ORBLERER I I, ZNIC X BEMICTTOFEICL Y Ay T L yoman
Bl LIz EZLND, #HHTIE. ZDA W =X LDOFHIICOWTHERT 5.

(a) (b) nm

Electron 1 80

f‘ 80 80
&

Electron transmittance 60 F 60

Liquid sample window £ 40
40 %u 40
TEM window i 20 E 20

chip . : ol I
. 30 . / ’ 2130190 i « B0
L]d Or//,o 20 10 20 \\'\m\ Gy,‘,/«o/] 1!0“)“ -' 160 "
? 9 ,\) s\“ () osition
Fig. 1 Schematic of liquid cell Fig. 2 Three-dimensional image of (a) pristine and

(b) Ar-GCIB irradiated SiNx membrane

[BEE] AW JSPS RHJFE 23K13236 OBk % 2 F 72 b DT,
[1] H. Ikeda, R. Misumi, Y. Nishiki, Y. Kuroda, S. Mitsushima, Electrochimica Acta, 430, 141053, 2022.
[2] T. Hamano and K. Eriguchi, Jpn. J. Appl. Phys., 57, 06JD02, 2018.
[3] N. Luhmann et. al., Appl. Phys., Lett., 111, 063193, 2017.
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18p-D62-5 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

BT 57T VEADKISTREA—A AV E—LEBHHR
Effects of water cluster ion beam irradiation on free-
standing graphene
FEERAI ' NPO SHTERARY b2, CWOE S BAER " FHEE” 2k’

Univ. of Hyogo !, PAI-NET 2, °“™CD Ryosuke Shokatsu !, Kosuke Moritani !, Kozo Mochiji2 , Norio Inui?

E-mail: €j24b017@guh.u-hyogo.ac.jp

El=-S==1
1. =

77732kt D) FEEEEERED, SOEE, mUEEE, BMoEE, ETBREEE
oz eho, X0, XVEEREBEFT A REERT 37200 ME EEZ 6N T
Wb, L L, BRARR R REER - BEEERVIERE 2 KT 2 220 1Ci3, R OEEHL & BmrmaEt:
DREL 2 508, WHIVEECII TR COERME 2 RET 5 2 L& 3, MMEC X 2 Wik 1L 2h
BEB|I X TAREM LD 2, 7 T7AX—AF v —LIF, 7771/@&9&#@%)1%4}"/7"
NEERICEWCIERE T ) —= v 7/ cE 30REERH 5, DhvbhiIINE TIC, ArZ 7
AR —AF v — LB THEN Lo 7572 vEx 2 ) —=v 2L, BHBELAr 72 7 2 &
—DfRHEE b ZNE TR — Y I TR EERRE L CE L], 1 ETFY72 0% eV (En<35eV)
DOIEB) T A X — CEAICHEZE L 72 An'lE, BIRBICX D AP AR R ED/INE BRI T RZ—4 F
vERoTHRFEET %, TD& &, MREEL A EAOBINERE ICIKE T 2 720, RO 2L
ORMREDENE 70 —TF 2208 TE5, CoOTEEHACIUL, BEXZ AL -4V
E—LAEHWT, 97 x2vD X hBEEY Y IV ORMIREEZ =& — L s b EiRCIEm
Wy ) —=v /e 30EENRH 5, AiffFETiE, KIZTFREZ—A4Fve—2o%z7 ) v FEIC
I L 7232277 7 = v IS LU, FRATREES =R A 4 v E &L (ToF-SIMS) % v,
v — A TICBIT 2 HLY T 7 = v OWIERE % EERIICBIZ L 72,

2. Ehi
ToF-SIMS HI5E % J105 (Ionoptika Ltd, UK) % Fiv>
CH o720 n=20K & 31K DIKZ T 2 % —(H20)n+% 2) lﬁwﬁi b)=

70keV THIH X 4, $i0 TEM 7' v FicK & hie 'I ﬁ
zas =

By 777z IiCBH LA, BRLAEKE Y 22—
@D E/m ¥, n=31K T 2.26eV. n=20K T 3.50eV TH

5, (H20)31K (H20)31K

N T O e O P
[ (a),(b) 12 (H0)51x (¢),d) (& (H20) k"2 7 A 2 K3 (I o o
— B D “ KA F Y EIRTH B, W B/n (o5 '.; L J
T, AFVvE 1.2 X108 (ions/cm?) T T 7 = v D% ! :

R I Nz, —Ti. A4 v & 24%X108
(Gons/cm?)TlE., (HO)oxt ¥ — LMBHE T TIZZY v
FOARBEIN, 777z Vv PHEI N &

(H20) 201" (H20)20x "

Fig. Secondary ion image of free-standing
graphene supported on a copper grid during

mENTz, LA L, (HO)sx' B — LM T Cld s 7 (H20)n" cluster ion irradiation at 70kV with
T e 7 lon fuence s 12 4100 fonsim’ for (o and
Z/;:i 6 i%};zti foeavygj%757:1k/£§iz:§?fﬁéﬁb:T_%ZO (), 2.4 x10"* ions/cm? for (b) and (d).

4. HEE
SIMS HI3E % F2fs L TTHV> 7z IONOPTIKA MRSt DAk TR IR L BT £ 5,

5. ZHE3CR
[1] K. Moritani, S. Houzumi, K. Takeshima, N. Toyoda, K. Mochiji, J Phys Chem C 112 (2008)
11357-1136
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18p-D62-6

CID IZB\F 2 M FRREA U =X HIZEE T 5 H15E
The Study of the Fragmentation Mechanism of Organic High Mass
Molecules in CID
RABET, © (M1) FEIR &, AR, REITAR
Graduate School of Engineering, Kyoto Univ., ©Koki Nishisaka, Toshio Seki, Jiro Matsuo

E-mail: nishisaka.koki.35x@st.kyoto-u.ac.jp

HT NG BHTE MS/MS) T, B T A4V R E D BB m/z b ORibiA 4 &2
BOBEL . CNAREES S TR LT I F 2 D m) 2z AT VERDLFETHD, HiERAF L D
RBEEL L Tl A4 E A 5 2 TRIEM A A & 22 S & 5 87 22 75 i fig Bt (Collision—Induced
Dissociation; CID) 23xh T3 THD, MS/MS 13AE & AR Z 22 < D H RS FOREE R E7R 21T kL
FWSNDH, EOFEIZ CID IZBIT A4 R BERFE SR ERE RICEET D, Rshbd 7 ay A4
L OFEFERRN &L FTERA A DO ARIEME N AL DE LT R X — T Lo TRELE(NL T A0,
CID CTOAF L RBEATI =KX LOFFEI NS, MS/MS ZRIH LT-W/E R E DR FE 1A]_ED 7= ZHETH 5,

ARHFZETHE LT MS/MS i i& O E A7~ 9 (Fig. 1), sEHIBRH 975 Ar HAITALZ —AF ¥
— AL, AN EIND G AT DR IHI 28 K20 o, B&OArEteL X, MEMm(Q)I1ITks
BB ST R S B4 3 (TOR) 12K A AR VIS AL 2~ & o8 T- QTOF-MS & v =, fif
BRA A ANZIE Q Z B U- A IR TEE £ 2007, E2ERND Ar T ALE LS, el
FH5r T O THOREED AR ENIEE CTHY , REFIENZNZI 0 & 1 THAATTULFE CisHiOs
EF VAU CisHanOo ZIRATE, ZNHEN 7 VA a7 A CsSTRA ZIR & LTl 2 MSHIET 5
&L EIENORRNIEES H S 1 EBEEL Cs'28 2 fEAHINL7ZIM - H + 2Cs] 23R ST, ZHaRiBiE
AF LU, CID R RX—F ZBAALSHR2015 MS/MS JIEETT72,

E =50eV (B DRER K% Fig. 2 (2T AT TVEO ATV, EOfEE EIFTHIM - H +
2Cs]'E Cs' OB — T UDvRER D oT, ZIUE, RIBRAA D5 Cs R BRDS Cs'E L THBETHZE T,
IFIERTOAF L PIEBMEIRVBRHARAREL /722 L E /R L CNVD, — T THLAUTEED AT L
MHIE, £=30, 40, 50eV (23T m/ 2 =50~150 DRALIKFBA T N LD — I DEE RSNz, 21
I, AV AVERIN Cs A2 EERNWTTT AN L Z T DZENTE T OMREEEFL TR E R
BRI TRESN TWDIEZ/RIBL TN,

| \) Stearic Aci ‘recursor lon @ [M — | (
Target /\.----.]il =<
MN "'"JH[ 10000 cs*
£ 1000
v e, 500
lon Guide | """ | O
(Q+T-wave) | 10
=S 1
) ic Acid  Precursor lol M
MSL: Q Cs*
10000
T-Wave |[= £ 1000
Collision Cell =5‘r Ar . o
[ © CHy' |
== 10 L M i
m 14 i | L1 1 ; .
[11]] 0 200 400 600
MS2: oa-TOF mlz
"““ Fig. 2: CID MS/MS spectra of [M — H + 2Cs]* precursors for (A)
stearic acid and (B) oleic acid mixed with CSTFA. The beam
Fig. 1: Gas cluster SIMS system current, measurement time and collision energy in CID are 150pA,
combined with a QTOF-MS 50s and 50eV, respectively.

© 2024%F ISAMERER 100000000-139

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

CSA1



18p-D62-7 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

THz hniED 1= 8 D IRERIE 2= [ IR S TR 5
Narrowband differential frequency light source for THz acceleration
OMr®R B 12, Vincent Yahial? BH FHE 2, T%H pF
IMS !, RIKEN?, °Kei Takeya® 2, Vincent Yahia® 2, Hideki Ishizuki® !, Takunori Taira? !
E-mail: takeya@ims.ac.jp
W, 7 7~V (THZ) B OFEAFRE RN L, dm b — B CoR MR ER ST
WAL, FDT=DIZITHEE 1.5mm 222 mi Lh b <GHz OBEERIED THz IR b b 728, &
SREE D THz JFEEHAN S & 72 %, FEJBIRR LW (DFG) 13X DL 572 THZ A2 RAESED
ALRFETH L0, PRRIEOmBE ZRRICOFAE L T A ZDMAENRETHDH, £2T
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FRIZE DWW REBRL DI o AT FCHIEI LT %;2-0
LA ERADRANBA SN, ZOBOAAS 5
2 1 VA 05nm, TR ORI 2m) Tho i
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—BEEORY MUASHRD Z L ERRL TR D ®a RO AR, AR
ZOTWEE AT TH RAEEREITo1-L = NI NTERT T ITA Y6 DREE

A, BHEIZEWTT I~V Y EBBRI Sz, S 51T, PPMLN (2 & 25 iR OHE 217 -
fo b 2 A, 1064nm I SEDOFRE (~12mJ) (ZiG UC i RJEOHEEN 3 m) £ TRl S (X
2), ZOFERIIARFENNRY =27 =) U TAREREMRTHLH 2 L2 L TERY, S%O&EMBE
THz KROEX E LTHETHDLZ L AR LTS,

AWFZED—FBIE, ZECRPEBANMFIEHELET L JPJ004596, D4R %2112 b DT,

[1] S. W. Jolly, N. H. Matlis, F. Ahr, H. Ishizuki, T. Taira, et al. Nat Commun. 10, 2591 (2019).

[21 K. Takeya, V. Yahia, H. Ishizuki, T. Taira, TILA-LIC1-03, OPIC TILA-LIC2024 (2024)
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LiF ZE 7+ (L ZRAVE-EBRERHFBOKRHIER L

Improvement of detection efficiency for transmission detector
using LiF-coating foil
REXEGR!, RABRRI 2 CM)MIE &', M)A+ B’
M2)hi® kB2 MR #hth? RE FN!
Kyoto Prefectural Univ. ! Kyoto Univ. 200 Haruya Fujiil, Satoshi Senda’,
Shuri Nakamizo®, Takuya Majima®, Keisuke Yasuda!
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BERY F 07 LA A ZIRER (ASSLB) 1R AR D Z M & L TR E 2R 21
W5, EEOMRER EICIX, EERUNRED A 4 OFE LWEEOBRENEE CH D, €2 T
ez 1d, ASSLB NERD U F U L DI D #2501~ 5 Z & 2 HRY & L CTIRATRFA]HIE 3
PR SCBRRL -1 H (TOF-ERDA) I 2E & OBHFE 217> TV %, TOF-ERDA #£{&(1% 2 DDAk
HER (T, T2), 1 BO TV o Y R S (SSD) THERL &AL, T1 & T2 TRATHRR., SSD T
TN —ZMET D, BEHRHEIREZE 7+ AV, ~(4 7 aF v 27—k (ICP)#
HEE, B 7 — TS T 5, %ﬁ%ﬁz%w% T DERCHAET D IKE T A
B 7 —TRM L, MCP B HER TR T 5, S Has ORI RITKFERCY F ULl
DIEIEFETIL 20%~60%FEE & K < focoﬂ\éo IHNETOWNEND, BHENRITRET +
ANEKENHIFD O L EET D EICE VM ET S ERMmbN TN D, ARBETIE
BRI TL ICHWARE T + A 27 v b U F 7 A (LiF) #7535 LB k#5E @@%m
RO FIZOWTHET 5,

Mmfﬁ%htmﬁ@@ﬁ%$% 0.5

e S N
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I LE A ORBARIL AR & 03 et
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PG 10 %425 24 4Tl o 72, TLICH B it it o "
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L7z, Zoftzh=Rorm oA
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by ARETITESOEBELZTD R LIF ZE O RICOVWTHHRET L TETH D,

Fig.1 The detection efficiency for hydrogen.

© 2024%F [CRAYEER 100000000-142 CS.1


mailto:s824632012@kpu.ac.jp

18p-D62-9 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

JAEA-AMS-TONO 28115
EREESITREICET HHIRER; 2024 £
Research and Development for Accelerator Mass Spectrometer
at JAEA-AMS-TONO; 2024
BARFHARMRBHEE | HKASHARX3?, E—LFRL—YavikAzwt’
CHEARERT AHER' HARE ZEEH'| RRELC WEAEH'. KAEEF .
MIEAE', BEER . KuBE°, FHEL°, BEERE'. AfRe='. EE#HRE',
Japan Atomic Energy Agency (JAEA) !, PESCO Co., Ltd.?, Beam Operation Co., Ltd.%,
°Natsuko Fujita', Satoshi Jinno !, Fumina Minamitani !,Masayasu Miyake', Akihiro Matsubara?,

Fukuka Kida!, Yusuke Maeta!, Yumi Ogawa', Tomohiro Nishio?, Akiomi Ohmae®, Sadanori Uno?,
Takahiro Watanabe!, Kenji Kimura!, Koji Shimada'

E-mail: fujita.natsuko@jaea.go.jp

A AR 50 B A R BB o & — TR AR R T T, HEBRBE O RMIRE
PEIZBET B HFIEIC 1T D EANBARS IC B W TC, IEERRE &0 iE@E (Accelerator Mass Spectrometer :
AMS) % W ARRHIE 2 F2hi LT D, AMS VA D i R Rl 4 eh G2 & U 7= B R R (4 LEIR

ENFIREBREETHY, Yt ¥ =280 TH BRI FREEL, 2l # il S oA RGHE
DA TWD, BIIEN X —IZIXAMS B3 EH 0, 55 2 BITHFENRIE O EREHEH T
HY, HH 1 BEENE AMS ORI T =R BEEE Th 5,

FLREHIE FH O 2 B D AMS X JAEA-AMS-TONO-5MV (NEC # 15SDH-2, fie KN EE 5.0 MV)
& JAEA-AMS-TONO-300kV (HVE %! 4103Bo-AMS, & AMEEEL 300kV) THY, 2HEH, &
#-14 (MC), RV VYT L10, T/I =T AL26, T UHR-129 D4 FZREEZREL TS, £72 5SMV
D AMS TIEIND 4 EFEO /L —F ARIEICNZ T, M KOFRMEICA A efiFz-36 ORIEIC
)T 72 BB & i L T 5, BRI ERROMEORE LROBGZ LTk Y, #i
HTORE LISV EZ W RE, REROE— LA ETOREZHRGF L T2,
JAEA-AMS-TONO-300kV Tl 4 FZFED /L —F AEITINZ T, RFEED T A A A R ORET
LA L7, /MR AMS OBIFSIZ AT 7o B E (R KBIHEE 40k, > 7 ANEix7a L)
FUCHERTHY, A FF vV 7 %HA LTz AMS OFVE &5 F OF Loyl 51 2 FERE
THIODIEETH D[], ZNET UCHIEEMEDO D DOFEFERRIZAT, A FrF vy~
7% S L EIEREICHEAED U U LA L, BHEICRE W TE R 14 OBRAFHILZ, 4% 4C
DH DR THIZERFE 21T > TV FETH D, FERTIE, ENENOWFIEHT IR A ]
HT D,

[1] FEH fh, 25 70 BUSHYBRESFETFTFZIGERES 2 ARTY U A, (2023) 17a-A304-5.
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0= U 4 B 3R TE 0D 1= 6D D AT A0 il 0D BR
Development of a small-scale sample pretreatment system for AMS radiocarbon dating
BARFHRLEARREE . SRR
OP)FEaH BXR', BA XEF, HE B, GBRE FH2 EE BL'
Japan Atomic Energy Agency (JAEA) ! PESCO Co., Ltd.?
°Fumina Minamitani?, Natsuko Fujita!, Satoshi Jinno !, Tomohiro Nishio?, Takahiro Watanabe!,

E-mail: minamitani.fumina@jaea.go.jp

IERERE B HTE (AMS) 12 X 2 IR FIE Tl 4R, JIERBHEOME L & s/t
WCRLAEE D, L—P—T 7 L— 3 RIS L 5 RAMEE D b OBy BU -kt o %h
PRI EIC TR L 72 D T AA A PR AMS O B3 ED HIL TV 5, 24 5 OFANBIFEIC
S THRIARSY » TOFEZE NS 100 ~ A 7 17 2 — MVLLTF O AR — /L0 1 FHAL T O & RFZE
MG EE AT DMERE S 3L, TNE CREECTH S T MUVNRBI O T — 2 2 METE 5 L H 1> TE
Tz ELIT, RFETH Y~ A 7 0P T AOMETRCHMRFBRE 21T 5 7-dicid, ki
BT T DUEOHEE AMS IZHERE S —7 > N(TT7 7 74 MRBRIEH TH L E A
ZAN) OYJEDNEETHD, £lo, MERETHL 777 74 MNHRTIT 1 BEFERREOIEERE
MAE L 720 | RFEEY = 2 N ORAESCHTIRVEZER: D R BTG YAE & 72 > TWe,

Z 2T AARF SRR BT A R MR e o & — LI ER AR SE T Tl b— =T T
L— g v E AW AN SRR ORTLERE AT OB B L O A v & 1 MC X B ER R
WETFLE, b=V =77 L—a VX DEILEE T, VTN TREF RS S5 72
DRBIGIOEE AR TE H720F Tl OB AMES D, REPDAER L
MR FEIT, FHIC S X — TR T ED T A A F 8 AMS TOHRIE ZEHE L TW5, R
BRRABLE T, Bl A v ¥ A4 MRl RRA S & BRI, Bk (B ofECrk, 8e
SfF) ZRETL. RFERE 100 v A 71 7T LT TOREL TEL TWD, 2016 FLURIC S &
4 —TCHEATOHE T 7 74 FRREEE (lonPlus +18 AGE3) (2 L 2 aUkFATALHEE & g L,
RPEOHRETFEZ2ED D TETH D, ARETIE, 2D ORERTAE Y 27 AOBEE L i
EWET D,
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WHIKE oTLOBRR ~SFHAE—LS A VORR~
Present states of TCU-Tandem - Current Status of Analytical Beamline -
MEKR OPAMA
TCU °Naoto Hagura

E-mail: nhagura@tcu.ac.jp

FRHB TR « - AWFZEAT CiE, 2018 4E 5 A 1IMV XL ha v« # U7 Kindgs (il
K& 7 L) MEEA LTS, FFEREFF TEUR LRI A3 BE I E BB A > T 7o O 7272
BE - RO D DR & L TEAS L, wBhL bl X #5006 (EDS-PIXE) Z3ATEER % 2

H—h&g, RBLKFERO a7 ) — MM A FREI B Y a2 el 5~ A F—7
7 F=F (MA) OEMUZHW B DWAEAIPL, DI BRERE A 208 & LT 5, 2021
FEDBITFNOMMZEROFFEE & OIERFIH &G Lo —F — O RKIC i 72— a2 gl L
TWBHEL RO KZOFIEAESLCKEEE G E L EREFRAO—T -~ LTHE
FIHZRED TS, ARETIE, YD X 7 MRS O BT E— L7 4 ORI E H

1 PAEEA 1EF0, BRI SRR SCGE, Vol 17, No. 3/4, pp. 111-117 (2018).
[2] N. Hagura, et al., International Journal of PIXE, Vol. 28, Nos. 3 & 4, 77-84 (2018).

] S. Watanabe, et al., Nuclear Inst. and Methods in Physics Research B 477, 60-65 (2020).

]d%%m%;@# EFRFIRKRE, 2021/12, B-2
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REKFEMALT OFRK - 2024 &8 -

Current status of MALT, The University of Tokyo in the Fall 2024
RRERKE! CUBRIE', #SLUBE' TEBF' FAENTF' Yuanzhi Qi', &gz’
The Univ. of Tokyo ', °Takeyasu Yamagata', Hironori Tokuyama',

Yoko sunohara Tsuchiya', Miwako Toya', Yuanzhi Qi' and Hiroyuki Matsuzaki'

E-mail: yamagata@um.u-tokyo.ac.jp

R KRR AR 2 > 7 LEEShi s MALT (Micro analysis laboratory, Tandem accelerator,
The University of Tokyo)i3 K [E NEC -8~ 1 k1 > 5UD IidEgs (AR ELE SMV) ZEH LT
BY . FNEBDTHE - BEEBOT OOk L LTHWSLITWD, FIFE I ERREH]
DI XZE 357D 2 BINEZEEIHT (Accelerator mass spectrometry: AMS) ¥ > % A AMIFRTH
NTW5, AMS v % A LDAfT NRA(Nuclear Reaction Analysis), ERDA (Elastic Recoil Detection
Analysis)Z1T72 > T\ 5, BIEL—F HIE & LTAMS 21772 > TV S EFEIL 1°Be, 1C, 2°Al, *°Cl1
EPITHY, YCa & BU DR EITR-> TV D,

2024 FEEFTHAITELERIH & LT ''Be-AMS (PAI-AMS 2 R Z & T0) 78 15 #E, 'P1-AMS 728 4 7
R, MC-AMS & 36CI-MS 728 1 ##8 & NRA 728 5 ##, ERDA & PIXE N2 4L 1 #8, p-NRA &
E— AFI IS 2 BEOAFE 29 BUEN IR S 47, 4] Y Ca-AMS OALFRIFITITHAFE S Tuzgn
D, Atk bYEREM EOBRFRERE AT o T,

20232 A A X T X=Xy T — I L, IEESENIEED T TR 54E
Lz, FIKIZ 2 AHDF = —2 ZRT 7=V —DOFRNCEF L TNDarZ 7 hX ROF UM
WL, A VETE—LHBETLHZLLEDND, 2024F4 HDOA LT F U ATHMICZKH LT L
ZARTTINMFEE 2L 72072, 10 AIZA T F U 2MEERH 0 | EIBORRZ 2021 KK
7= b7 7 REED AMS JIEH D CAMAC £ = —/L ADC O#FEAEE & 7=, BiElx i dh ok
NETEHEN DRI, AENIREERFICAD TEN RS T2lod, WEIC 248 LT A FL
TAER. EIRTE T, 2021 RO b7 TVEED L HI TN ADC AT ML DT ¥ & R LFEONH
DHEES Ip oz, 2024 FE 5 HICE—LINRNR TERL D N7 7RO, ©—AT A
BRI LTF = 7T EAFTZDOT A Y 2L RZER/7 L— 7 PFE LT, BE5L
MALT $#45 OHERI B — 25T A B CAFEBEEA T LT &R A L CE oo e E
AbND, TOERIIAAPATH Y — FNE@E L THEN TERIRD F T T ANREELT,
B = RT 4 AT ERFFT 20y RKOBHIZE VAR ELER L EEDbRATD, 774
AV P ERQRVERETE DR A A IR0 LER LI, I T AEE Ty 24 LDNE
BLTWDOR, 2—PF—DOHLT D~ Z A LTHER LIEE 2172 TV D, AGEB Tl 2024 4
BE D OBUR & BTHS I OWTIRET 2,

W
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“Cl DIMEREESNICE T HHERER S DA A 2IRTOHHH
Suppression of interfering isobaric 3¢S in 3°C1 AMS at the ion source
FURK CRIES!, HEXEW® O AWM WHFHFEX', HEAEW' =/ F!
CRIES, Univ. Tsukuba !, Pure Appl. Sci., Univ. Tsukuba 2, °Kimikazu Sasa'-2, Masumi Matsumura!,
Tetsuro Yoshida!, Tsutomu Takahashi!

E-mail: ksasa@tac.tsukuba.ac.jp

BUERF: 6 MV & 7 LINEEE BT HEE TIE, FHBRAERR D DV AR IR O MR
PERZHE O i@ RIS DWW CHEAITBRR 2 0 TV 5, B X VX — 2T 5 2 & T Ok
FHANCKIIETE D L HIT/>THEY, TILETIT Be, MC, Al *°Cl, *'Ca, 1 © 6 BZFEIZ DU T
[FIRZARLE 10719~1071° L~ L TOMER AR L 72> T 51,

30CT (IR 30.1 J74F) D MEEVE B 00T Tk, AgCl B3 & H L7z Cr &2 Il EE 6.0 MV 12X
DR LT, UAEBR CHRHZEB ZR>TWD, RET 4 A /(3.6 nglem)Z LV fwEZLHL,
48 MeV O *CI" it 2B °CLIZ, Wi L2 2REERD S DIRAICLY, AMS T X HHIE
Pl b WL MR D — > Th 5, B2 O b DIIREPIFAELLT <, ZOREL
[ZLTW0D, S Zopff - @3 272018, ZHETIZ, C ARy Z Y U TALF U PFENPHLDOE
—LHRICEEND S ZART D kL, BIHEBRICAST 2 S DAY bvz sy - @l %
THEDHIFES LTV DB ABIETIL, Cs Ay Z U U T RA A E SR S D S 2 453
THDIT, BY— RBA = VOWRIZHOWTRET 2D, °C1 OIEZRE R TiE, #0k
R L L CHELER(AgC) Z IV 5. AgCl 2303 5 sUBHERIA LV 2 —I22W T, AgBr IR TR
HEUTSAARN 2 — 2 LTfE R, S R ANITD 2o 72, AgBriZid, E 1 mm O EBFHT
T AgCl 2345, VT LENLZWEAIE, AgCl &7 Y — RO E 5 J5iEN S @
B SV IR0 T2, ABFFETIEH2IZ, JES 0.50 mm D Ta 7'L— b TALARA —LT 1 A2
DREZED Z LT, S ORAIG ZRAA, WERKRE LT, Ta FL— b= 1T
2LV S OFEHITHI 50 5D 1D LTz, AREETIE, 6 MV Z > 7 L2 7z *Cl
D AMS g BT OHERIZIBN T, BEREE S DA A AR TOMH 75O RISV TR
AR
BEE ARWFZTIE. JSPS BHUFE (JLARAFZE(B) 22H02001, JEARAFZE(A) 23HO0135, FARHFJE(S)
20H00173) D3R E %= TRMEL T 5.

References

[1] K. Sasa et al., (2018) The 6 MV multi-nuclide AMS system at the University of Tsukuba, Japan: First
performance report, Nucl. Instrum. Methods Phys. Res. B, 437, 98-102.

[2] S. Hosoya, K. Sasa et al., (2018) Isobar suppression for 36Cl accelerator mass spectrometry at the
University of Tsukuba, Nucl. Instrum. Methods Phys. Res. B, 438, 131-135.
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Research of annual variations of *C concentrations in pinus pumila VI

IR AMS £ > 2 —1,

W KHE 2, HRk%E

ORI XE ', /A E, BF WA ER U05F MM L4612

Center for AMS, Yamagata Univ.!, Fac. of Sci., Yamagata Univ. 2, Musashino Art Univ.3
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RS (MC) X, FHifR & KR o%ER (UN) L OMEERIC LY Al s, BEHICEb
SNTfIERFE (MCOy) L7220 REP O FRibikHE LIRE L THIBREIL O JFEVEER (ZHL Y 1A
ENDTD, RERF O UC REIIRGHEE OL BT H AR NBI L 2 KT 5, L7zdd - THER
DHA LTV D A AREEFD MC JREEZ @RS ICIE T 2 2 LT, =0 KIGTEB) o &8 #1H:-< K
T LTSRN T D FEBREINBE S 2 TR N TEDH[1-4], UL, Az &
VIR IATR KA CaHiiE) o MC REEI, HIEROD R BIRER DB K 0 UC AR & B 22084
U, ZOREABIHERD B CAER S Lz UC BEOEBIO 1/100 LA F £ THET 5, -
BC &7 m—7 & L TREDOTHBRIRE LT RS 2502 721213, R R A kG
BROBENEMICBI SN TOSBROREZ AW T, o UC RO & BEhoRFEE

NDZENEHELRD,

2T, Fx et o UC RELE) L FEBMELT), BIOKGIEBIORGRE T, HER
IRFIFER DO BEFMET L5 L2 HME LT, BEREBIOEELOEILUFICAERT DA <Y
DOERE L (K1) % 2018 > HAKGANCEREL L, “CIEERIEZIT-oTW\5, 7=, {bAakEo

B T 572012,

RS KON R REF O TS 7 1~ Vil 2 i L, [T <

HC RENEZIT> TV D, skt HC RERNEIIL, IWRRFEmBEINEGE o o & —

(YU-AMS) ICF%E N7z AMS Y AT AR L

7774 MERS AT AR L, K2 12808
DERBUEIT R 25 YCIREE (AC) & RBERAE(5]
ZoRY, Tl L EILTCERL L 7oA < Y R
AC X 2018 AE D 2023 ARIZHNT TRIRIITED
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HT D,
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BARRRBICETSIAVRAMES AT LOHE 3
Study on natural iodine isotope system 3
RKMNALT, O 2, F& £HF F &S Wk R
MALT, Univ. of Tokyo, “Hiroyuki Matsuzaki, Miwako Toya, Yuanzhi Qi, Takeyasu Yamagata

E-mail: hmatsu@um.u-tokyo.ac.jp

=2 RRNA 2T (B ERAA 008 1570 J74E) B3 X002 (RERNEK) ckh, av
KRS 2T LR E N5, BRRBICELTIR, KAFPIKBLTE, ¥/ v Xe) &F
ke DHEMER (*Xe(n, p)'»D T, #Kp o CIRRARY 7 v 238 DAL L -
T, IVEI129 3ERT 2, EK LI VHE 129 13, HERKREBREE S O 3 v F 0 YR 056
BRICAZ, ZhET, KA - RERK - E GBRE) - #E/HEo 4 ooxRy 7 227 VI X
D, ZNENDER Y 7 ACE T LEFEN I v RFENAKL (P/1%) 2L &k, &Ry 72
APDAVHEAL VRV P ) ORMD VICAHEEMD D B fth. R v 7 A D 3 7 RAHHEEE b R
THBHrZlnb, VERMKS AT LERBICHHALZL ETIEVRA RV, 2ATH, ~H
RTHR\VANT X=X —OEPUC X0 | R O PRI R L & HEREYI R o PR RIAL AR TR 7R
o2 L b AlRETH B T L BRI NI,

Sth. ETARKEBALT 272 0ICEHE AR v b LT, TR A O R o KT
(Fig.1) OFRAET b5, TNE Tk, KRSEEZRED LT L 72 BB Z o T2 23,
KA AT ROREAGDOHTIC X o T, K& 3 75K 129 IR OB ED I 2 WREMED & 2,
T2, WYY 7 VIBEDEE RSN A - X —THE0, TN TRIEFICRHME
W E AW C & 7z, RS EOTOY 7 VBET - 2% BEL, KETILELD S,
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Fig. 1. The latitude dependency of the production rate of '?°I as functions of the altitude.
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Temporal Changes of lodine-129 in the Canada Basin Over the Past Decade
The Univ. of Tokyo !, Nihon Univ. 2, JAMSTEC 3, °(P) Yuanzhi Qi!, Takeyasu Yamagata', Hiroyuki
Matsuzaki', Hisao Nagai'?, Yuichiro Kumamoto?®, Qiuyu Yang!, Xinru Xu'

E-mail: yuanzhiqi@um.u-tokyo.ac.jp

The Arctic, known for its high sensitivity to global climate change, has experienced a temperature
increase surpassing four times the global average rate since the industrial era began. This warming trend has
coincided with the northward encroachment of warmer and saltier Atlantic waters into the Arctic Ocean, a
phenomenon termed "atlantification". These changes have led to significant reductions in Arctic sea ice and
alterations in seawater thermohaline structure, potentially impacting Arctic ocean currents. Understanding
the response mechanisms of these currents to climate change is crucial for comprehending and addressing
the broader impacts of global warming. Iodine-129 ('?°I), released in substantial quantities directly into the
North Atlantic from nuclear fuel reprocessing plants (NFRPs), is transported into the Arctic via the Fram
Strait and Barents Sea, making it an ideal tracer for tracking Arctic currents. While numerous studies have
utilized '*’I to investigate ocean currents in the Eurasian Basin, research in the Canada Basin, which also
features complex current patterns, remains limited.

This study presents a decade-long analysis of temporal changes in '?° concentrations at two stations
(NAP, 74.5 °N, 162.0 °W; CB, 72.5 °N, 155.0 °W) within the Canada Basin from 2013 to 2023. Our findings
reveal a diminishing influence of Atlantic water on the surface of the Canada Basin over this period. In the
early 2010s, '?°I concentrations in the intermediate layer at both stations remained similar, indicating a shared
source. However, by the late 2010s, the concentration of '?I in the intermediate layer at the NAP station
significantly surpassed that at the CB station, suggesting a shift in ocean currents potentially linked to changes

in the Arctic Oscillation and atlantification.
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Vertical distributions of '*’T and insight of current in the Southern Canada Basin
The Univ. of Tokyo !, JAMSTEC %2, °(P) Xinru Xu', Yuanzhi Qi', Takeyasu
Yamagata!, Hiroyuki Matsuzaki!, Yuichiro Kumamoto?
E-mail:xuxinru0426@g.ecc.u-tokyo.ac.jp

Human activities, particularly nuclear fuel
reprocessing and nuclear weapons testing, are the Dlzptlz prOfiFe .
primary sources of '?°I in the marine environment. The 1100 1Vx10|-(sLogjrxlt1hoTC) 16107
Sellafield facility in the UK and the La Hague facility °
in France are the predominant contributors to '*I
discharges into the ocean. '’ subsequently travels 500
through the North Atlantic Ocean to the Arctic Ocean,
eventually reaching the Canadian Basin. The current
system in the Canadian Basin is intricate and
intertwined with climate change. '*°I has been widely
utilized in studies of ocean currents and water mass 1500
origins, providing significant insights into current
systems. 2000

This study is based on the most recent data Figure I. Depth profile of I/l in logarithmic form
collected by our laboratory in 2023. This study
investigated two depth profiles at stations St.14 Depth profile
(72.4°N, 155.4°W) and St.32 (74.0°N, 162.0°W) in the 1291/227)
region. Vertically, the '2°1/'?] ratio initially decreased ML LA L
from the surface layer to a minimum value of 2x10710,
then increased to a maximum value of 138x1071°
(Figure 1). It remained relatively stable within a depth
range to 1000 m, before gradually decreasing with
further depth (Figure 1). Based on these ratio data, the
water source composition is categorized into a
freshwater mixed layer (0—20 m), Pacific-origin water
(20-100 m), Atlantic-origin water (200—1000 m), and
bottom aged water mass (near the seabed). Vertical
mixing occurs between these water masses. Further
analysis of the Atlantic-origin water layer revealed a
distinct peak in the '2°1/'?7] ratio at approximately 250 m (Figure 2). Previous studies
have identified two primary currents from the Atlantic Ocean: the Fram Strait Branch
Water (FSBW), with a core at around 400 m, and the Barents Sea Branch Water
(BSBW), with a core at about 800 m. However, this observed peak at 250 m is not
attributable to either FSBW or BSBW and exhibits a higher signal than both. This
suggests the possibility of an unknown '*’I source in the Arctic or an unrecognized
Atlantic Ocean current carrying a high '*I signal.

1000

Depth(m)

500

Depth(m)
=
8

1500

2000

Figure 2. Depth profile of '2°I/'?] in linear form
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Incoherent Coded Aperture Correlation Holography

Yuhong Wan”, Tianlong Man, Wenxue Zhang, Minghua Zhang, Honggiang Zhou
School of Physics and Optoelectronic Engineering, Beijing University of Technology, Beijing
100124, China
*yhongw@bjut.edu.cn
The basic academic idea and imaging scheme of incoherent coded aperture correlation holography
will be firstly demonstrated. The development and roadmap of this technique then will be
reviewed. In detail, we will demonstrate respectively our most recent research about incoherent
self-interference holography based on Fresnel wave-plate-like coded aperture and incoherent
holography without two-beam interference based on random phase coded aperture. The 3D deep
learning network is employed to improve the performances of self-interference digital holography
(SIDH). Meanwhile, deep learning network is also developed for high-quality reconstruction of
the hologram in interferenceless coded aperture correlation holography (I-COACH). By exploring
this technique multi-dimensional data encoding and decoding ability, incoherent coded aperture
correlation holography was pushed toward scanning-free 3D polarization microscopy,

multi-dimensional imaging, fast and large axial range imaging.
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Enhanced live cell imaging through polarization digital holographic microscope

Shivam Kumar Chaubey!”, Mohit Rathor!, Rupen Tamang?, and Biplob Koch?, Rakesh Kumar Singh'

'Laboratory of Information Photonics and Optical Metrology, Department of Physics, Indian Institute of Technology (BHU),
Varanasi, Uttar Pradesh, 221005, India
2Department of Zoology, Banaras Hindu University (BHU), Varanasi, Uttar Pradesh, 221005, India
E-mail: shivamkumarchaubey.rs.phy21@iitbhu.ac.in

1. Introduction

Polarization is significant in understanding complex optical
behaviors and revealing properties that conventional
methods often miss. However, traditional polarization
measurement techniques typically involve multiple captures,
which are not ideal for live cell imaging. This study presents
our advancements in developing a polarization digital
holographic microscope (PDHM) tailored for spatially
resolved, label-free imaging. Our approach focuses on
single-shot polarization imaging, which significantly
enhances the feasibility of real-time observations [1]. We
demonstrate the practical application of PDHM in imaging
live cancer cells, specifically (MCF-7 breast cancer cells),
showcasing its ability to capture detailed cellular structures
without the need for external staining agents.

2. Basic principle

As shown in Fig. 1, in the PDHM setup, a coherent
monochromatic beam is transformed into a 45-degree
polarized beam, splits into object and reference arms. The
object arm images the sample using a 40x objective and lens
L3. The reference arm employs a common-path
interferometer, introducing tunable carrier frequencies via
orthogonal polarization components. The interference
pattern is captured by a CCD (Prosilica GT 1920), which is
represented as,

I(x,)’) = IDC(x'y) + {Cx(x,)’) + C;(X:J’)} + {Cy(x!y) +
Cy(x,¥)}

The spectrum of an interferogram typically includes four off-
axis Fourier components, with two being the conjugates of
the other two, in addition to the central DC term.

\ M1
pr I
B Sampl
i ample
,,'w MO (40X)

M2 /
—g
I\13

Camera

( nhcrcnt
Collimated beam

Figure 1. PDHM setup illustrating hologram recording.

Through the application of Fourier fringe analysis [2], the

frequency spectrum for each polarization component is
distinguished to the extraction of amplitude and phase
information within the signal domain.

3. Result and discussion

The PDHM technique was validated using known objects,
including polarizers and QWPs. Subsequently, we imaged
the polarization states of light from breast cancer cells
(MCF-7), confirming the method's accuracy.

Figure 2. Reconstructing orthogonal polarization component
fields from a recorded hologram.

Figure 2(a) shows the digitally recorded hologram. The
hologram undergoes digital Fourier fringe analysis to
reconstruct the complex fields [2]. Following this, Figure
2(b) displays its Fourier transform. Figures 2(b) and 2(c)
illustrate amplitude distributions of the orthogonal
polarization components, while corresponding unwrapped
phase distributions are displayed in Figures 2(d) and 2(e) of
an MCF-7 breast cancer cells and 2(g) and 2(h) showcase the
mesh structures of the corresponding phase plot. The
retrieved results of the cell region reveal a well-resolved
complex spatial structure, highlighting the technique's
suitability for spatially resolved polarization imaging.

5. Conclusion

In summary, we have highlighted the importance of digital
holography microscopy for label-free, quantitative
polarization imaging of biological specimens in a single
shot. Our polarization digital holographic microscope
captures the complex field of live MCF-7 breast cancer cells,
unveiling intricate spatial structures.
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Quantitative Zernike Phase-Contrast Microscopy with an Untrained
Neural Network
The Univ. of Tokyo (Science', IST?), O(D)Zinan Zhou!, Keiichiro Toda', Rikimaru KurataZ,
Kohki Horie', Ryoichi Horisaki?, and Takuro Ideguchi'
E-mail: zinan @g.ecc.u-tokyo.ac.jp

In optical microscopy, Zernike phase-contrast microscopy (PCM) is a technique that transforms
phase shifts in a sample to contrast in intensity by interference. Despite its wide usage in many biological
and clinical applications, it fails to provide quantitative information about the specimen. One prior
collaborative work [[1]] from our group managed to add quantitativeness to PCM by a phase retrieval
algorithm based on compressive propagation. However, this algorithm relies heavily on regularization
and non-trivial optimization tricks, severely limiting its generalizability and usage in practical situations.

In this study, we revised the PCM phase retrieval algorithm to eliminate the need for ad hoc reg-
ularization terms. Inspired by deep image prior (DIP) [2]], our algorithm employs an untrained neural
network (uNN) as a structural prior. We demonstrated that the DIP-based phase retrieval algorithm can
effectively retrieve quantitative phase from a single PCM image, and compared its performance with the
ground truth and previous methods.

The objective function we would like to optimize is of the form

argmin |7 — H[fu (D] 3,
where I represents the observed intensity from PCM, H is the model of PCM created in the same way
as [1], f, is the uNN with parameters w, and ||-||, denotes the L? norm. By optimizing over w (Fig.
, phase 0* = f,«(I) can be recovered from the optimal w*. For f,,, we compared several network
architectures, such as encoder-decoder and U-Net.

intensity measurement neural network prior restored phase estimated intensity

Ful) 0= fu(l) I=H®)

H()

forward

process

‘ Iupdate w
\—' 11— Hlfu(D]Il3
loss function

Figure 1: A schematic of the optimization process.

Fig. 2] shows an example of phase restoration. We used the ground truth phase sample to simulate
PCM intensity, then fed the intensity into our algorithm to obtain the reconstructed phase. The root-
mean-square error is 0.17 rad and the structural similarity index is 0.799.

Simulated PCM Intensity Ground Truth (rr rad) Reconstructed (r rad) Difference (r rad)
0 0 0 0
SSIM: 0.799
50 50 4 50 4 50 1
100 100 A 100 A 100
o L 0
150 150 A » 150 A ‘ 150
200 2001 ’ 2001 2001 -1
250 250 1 : i 2501 ’ il 2504 . .
0 100 200 0 100 200 0 100 200 0 100 200

Figure 2: Simulated example of the proposed method.

[1] Rikimaru Kurata et al. “Single-image phase retrieval for off-the-shelf Zernike phase-contrast microscopes”. In: Optics
Express 32.2 (2024), pp. 2202-2211.

[2] Dmitry Ulyanov, Andrea Vedaldi, and Victor Lempitsky. “Deep image prior”. In: Proceedings of the IEEE conference
on computer vision and pattern recognition. 2018, pp. 9446-9454.
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Generation of structured light beams on HOPS and HyPS using multiplexed holograms

°Sumit Kumar Singh!, Kenji Kinashi'*, Naoto Tsutsumi'!, Wataru Sakai', and Boaz Jessie Jackin
Kyoto Institute of Technology 1, *E-mail: kinashi@kit.ac.jp

Structured light beams, particularly those with vortices, are highly significant in various applications due to
their unique properties. These beams are found to be used in optical trapping, optical communications, and
optical computations. Structured light beams with vortices can be categorized into scalar vortices,
characterized by uniform polarization distribution, and vector vortex beams, characterized by non-uniform
polarization distribution. Vector vortex beams are typically created by combining a vortex beam with a
certain topological charge (/1) and right circular polarization (RCP) with another vortex beam with a
topological charge (/2) and left circular polarization (LCP). The combination results in beams represented
on either the higher order Poincaré Sphere (HOPS) or a hybrid order Poincaré Sphere (HyPS), depending
on the relationship between the topological charges (/1 and /2). Generating these beams often involves
complex optical setups or intricate material fabrication techniques. In this context, a straightforward
method for generating vector beams on HOPS (/1= -/2) and HyPS (/1#£12) is introduced. The technique
involves recording an intensity hologram with a P+P writing configuration, where the object beam carries a
topological charge /1, and the reference beam is a plane Gaussian beam. In a second exposure, another
intensity hologram is recorded on the same area of the polymer film, this time with an S+S configuration,
an object beam with a topological charge /2, and a reference beam as a plane Gaussian beam. The
multiplexed hologram is recorded in a birefringent material, specifically an azo-carbazole polymer. When
the recorded hologram is illuminated with a P or S-polarized Gaussian beam, a vortex beam of topological
charge /1 or /2 is generated, which passes through a Quarter wave plate (QWP) to result in a circular
polarization state that can be represented on the poles of the HyPS. When the recorded area is illuminated
with a P+S linearly polarized Gaussian beam, a vector beam appears when the reconstructed beam passes

through a QWP, which can be represented on the equator of the HyPS.

Without With Polarizer

Polarizer ® Eii (&)

n EThe figure shows both simulation and experimental

intensity profiles of the vector beam obtained through the superposition of two vortices with topological

Simulation

Eerriment

charges -2 and +4. The results confirm the successful generation of a vector beam on HyPS.
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Ultra-wide field-of-view optical focusing
with high-speed complex wavefront shaping

Atsushi Shibukawa'
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1. Introduction

High-speed and high-precision optical focus control is cru-
cial for optical systems like 3D laser-scanning microscopy
and laser micromachining. Typically, the 3D focus control
requires a 2D beam scanner such as galvanometric scanners
for lateral scanning and a piezo actuator for axial scanning
[1]. Another route for the focus control involves wavefront
shaping using spatial light modulator (SLM) such as liquid-
crystal-based SLM and digital micromirror device (DMD)
[2]. This technique allows the random-access scanning of fo-
cal spots, making it useful for laser-scanning microscopy and
high-throughput laser micromachining. Unfortunately, its
focus control speed is inherently restricted by the SLM’s re-
fresh rate, which is around several tens of kHz.

We have recently proposed an ultrafast holo-
graphic 3D focus control technique called fast line-scanning
amplitude-encoded scattering-assisted holographic
(FLASH) focusing [3]. This proposed technique leverages
the speed of a fast beam scanner to enhance the speed of
complex wavefront shaping. Utilizing both a DMD and a
resonant scanner, the FLASH achieves an unprecedented
speed of wavefront shaping of up to 30 MHz, which is over
1,000 times faster than the refresh rate of the DMD. Further-
more, we have demonstrated that micrometer-sized focal
spots can be scanned in a range of over 1| MHz within a large
volumetric field-of-view of Smm X Smm x 5.5 mm, validat-
ing the superior spatiotemporal characteristics of the pro-
posed technique.

2. Method

We briefly outline the proposed technique (Figure 1). Ini-
tially, a line beam is illuminated onto a DMD and scanned
by a resonant scanner (RS). As the beam scans, its profile is
sequentially modulated by binary patterns displayed on each
DMD column. The amplitude-modulated line beam is then
de-scanned and directed onto a scattering medium, generat-
ing a speckle field behind it. By modulating the beam to
maximize the constructive interference behind the scattering
medium using a previously developed transmission matrix
method [4], bright spots can be created at arbitrary positions
within the speckle field. The refresh rate of focal spots fi, ot
(the refresh rate of wavefront shaping f;,,,q) is simply given
by finod = fspot = fscan X K = fscan X M/Mco), Where focan,
K, Mo, and M are the scan frequency of the RS, the speed
gain, the number of columns illuminated with a single line
beam, and the total number of DMD columns, respectively.
Assuming a standard DMD with M = 1,000, a line beam with
M. =1, and a RS with f;c,, = 24 kHz, the focus control

speed fypor becomes 24 MHz (i.e., the speed gain k is 1000).
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Figure 1. High-speed and wide field-of-view 3D
focus control enabled by the FLASH focusing.

3. Results

We present one example of our experimental validation of
the propose technique. In this experiment, we used a 532 nm
green laser as a light source, a resonant scanner with fs.,, =
24 kHz, and a DMD with M = 340. We validated the focus
control speed by recording the on/off modulation signal pro-
duced by alternating sequence of ‘focusing (on)’ and ‘ran-
dom (off)’ patterns. The period between the on and off states
was measured to be up to around 33 ns at the central DMD
columns, corresponding to a refresh rate of 31 MHz. This
represents an improvement of three orders of magnitude over
the current state-of-the-art random-access scan technique.

4. Conclusions
We achieved 3D random-access focus control at a refresh

rate exceeding 10 MHz using our proposed FLASH focusing.

By employing a higher resolution and a fast polygon mirror,
our FLASH technique could potentially reach a refresh rate
of around 100 MHz. This technique offers significant poten-
tial for various applications, such as laser micromachining,
panoramic display, and spectral shaping.
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A method for determinations of spot positions in wavefront sensing based on single pixel
detection
MEKRBES A TLE#R O/ Eh, {—H Th—
Kobe Univ.!, ©Naohiro Kobayashi, Kouichi Nitta
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Real-Time Image Retrieval with One-Time Readout Temporal Single-Pixel Imaging
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5
e -
= 9 04f
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&
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2
Eo 02 | | | I
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2. (F) BAEBOLE.  (F) Structure DRFEFEE.

[1] T. B. Pittman et al., Phys. Rev. A 52, R3429 (1995).
[2] O. Katz et al., Appl. Phys. Lett. 95, 131110 (2009). [3] Y. O-oka et al., Opt. Lett. 48, 3307 (2023).
[4] J. Matsuno et al., The 71st JSAP Spring Meeting, Tokyo, 23a-12A-1, 2024/3.
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BIWKERETI', EWKRI? OWHLH A#' /MU SE? XI§ #0? HiF 8?2

Graduate School of Pharma-Medical Sciences, Univ. of Toyama',

Faculty of engineering, Univ. of Toyama?,

OHisayoshi Nonome, Takuya Koyama, Yusuke Oshima, Takashi Katagiri

E-mail: katagiri@eng.u-toyama.ac.jp

El=g=N
1 EP

FAIBENRREE T /R RIS, A, KB X
e EORMOBEEBETHIEHANESE L LT
BLINTWD. BAITEFDA A=V T RiEE
L CANY MFBALIEICESSE—T7 7 4 R
A A=V T EBRR LD, AT M ERIE
T, YU E—RT7 7 A4 NNDOEMRICE S
cm OVI)VTFE— R7 7 4 NE@EHER L-%E
— FFWART7 Ml a—F 2N 5.

AKWFGETIL, AT b a—FZIZHWS 7
FANROATEEREMT S Z L2k 5, mEmE
DOREE, WHENCTDHZEE2HNETS.

2. fRERE

ETDH—T 7 A RN A=V T ORBIF
Pz Fig. 1 lORT. AFETEIFY V7 L— 3
VEATOTERBRICA A=V T EBITY . VT
— 3 U, MBENICEWTIE S ORI
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Fig. 1 Principle of single fiber imaging.
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image(7core)
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Micrograph image(lcore)

Fig. 2 Micrographs and reconstruction results.

Table. 1 Condition Number and SSIM.

1 core 7 core
Cond. 732 482
SSIM 0.63 0.85

235 3k

1) Y. Takisawa, T. Katagiri and Y. Matsuura: Proc.
SPIE 10872 (2019) 1087213.
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Deep fluorescence imaging by using multi-spot illumination
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Fig. 1 Schematic of proposed imaging system.
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Fig. 2 SSIM as a function of depth.
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Design of Illumination Pattern for Multi-wavelength Imaging
in Motionless Optical Scanning Holography
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2R (SLM) RV, ZORRANX =V RZEZRBEHEIF L 0 RITUEE D 5 24/ 3 Kot A
A=YV ITPARERE—a Y VRFT T T4 INVAF Yy = 7hRu o7 4 (MOSH) PMEREENTWS [1].
MOSH 3 & % —#ili /7 1Al DRI D & % 2533 2 s SLM a2 R L, #eJ71a AFHREYED 43877
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TIT, ZRRARE DGR EH NS TN T R ATHA R =D Y IBRBSNTED 2], 2
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T4 7727 PPECTWE [3]. ZOBREKIIAAHS 7 MEOIKEK & SLM IZRRT % 2582 — > ORI AHNE
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BAMHAETRIE Ap = Apy x & TH 5. A < A DHE, EBITHICE X 5 MHAEHREGZEHEL D /h&<
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FALAIAE S 7 B [4] & ATREAHREEE [5] 12 & D BRI 2 35 2738 o 7o, BB 488 nm IZB W TR (&2 —
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1] N. Yoneda, et al., Opt. Lett. 45, 3184 (2020).

[
[2] F. Soldevila, et al., Appl. Phys. B 113, 551 (2013).

[3] PuAftl, HANERER 7 + =2 AP0 — 755 21 [BIBEPE AR 753 SGRE 2 (2023).
[4] T. Nomura, et al., Appl. Opt. 56, 6851 (2017).

[5] C.-M. Tsai, et al., Appl. Opt. 60, B113 (2021).
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Phase retardation
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20 mm

Fig. 1 Phase retardation due to
spherical phase distribution for each

wavelength. Fig. 2 Reconstructed images at each depth position and wavelength.
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delay

BS1

Ti: Sa Laser w

(800 nm,

35 fs, )

73 MHz, Slit Object pulse lass block

500mw) convex lens Chirped v e
reference pulse (a’);m, ‘ TR
1/4 recorded T o

1 | wavelength plate  holograms
BPF
! BS3 Ml
delay | T DOE Wk
Slit Polarization

concave lens camera

Fig2 (a), and (b) show the reconstructed amplitude
images. (a’), and (b’) show the reconstructed
phase images. (a), and (a’) show the long
wavelength images. (b), and (b’) show the

short wavelength image.

(1] w& Mk, 5055, Mk, FRER, "F v —7 7OV AT 7 b T 4 DAk 777 4
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5] H A A AGEE SR A R A fRE =, L& R, 2024 41 6 H~1 1 7 H,B-1-6

[2] N. Karasawa, "Chirped pulse phase-shifting digital holography for capturing the sequence of ultrafast
optical wavefronts," Results in Optics, Vol. 12, p. 100475 (2023).

Figl Experimental Setup, BS : Beam Splitter, DOE :
Diffractive Optical Element, BPF : Band Pass filter
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Deep Neural Network 3D Reconstruction
Using One-Shot Color Mapping of Reflectance Direction Fields
Toshiba RDC, °Hiroshi Ohno

E-mail: hiroshil.ohno@toshiba.co.jp

In many manufacturing processes, real-time inspection of microscale three-dimensional (3D) surfaces is
crucial. Therefore, a method integrating deep neural networks (DNNSs) has been proposed for obtaining a
microscale 3D surface from a single image, or two images, captured by an imaging system referred to as
the one-shot BRDF (Bidirectional Reflectance Distribution Function) system, equipped with a multicolor
filter [1-4]. This system can acquire reflectance direction fields using one-shot color mapping that assigns
light directions to specific colors. Assuming a smooth and continuous surface, the 3D shape can be
reconstructed from either a single image or two images captured by the one-shot BRDF system. This
process utilizes DNNs that function as a gradient descent method to solve nonlinear partial differential
equations, without the need for training data. This DNN-incorporated method is referred to as

OneShot3DNet. The effectiveness of this method has been validated numerically and experimentally.

ﬂa) 42 Image senm ﬁ) OneShotSDNet\
1 / \

Multicolor filter\ ;9 ?:, /
R ! X \ / \ / ion
Imaging len N ‘ ‘". Y\
e AN If —O H‘ W A® -0

lumination lens X ’.\
; i | N
Pinhole, l\ s " . Be . . ,m»
LED\ VA /u\’
/| @ //
. O

7
// P\ / '”PUt Hidden  Output
: layer layer layer

. BROF / NS J

Output
| .
’ ﬁ - - e ——
1000 um . e 2000
— ' 1 Xy Height [um]
{yll Yo Ym

1=200 1=500 —— —
Fig. 1.  (a) Schematic cross-sectional view of the one-shot BRDF imaging system. (b) Deep neural
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network-incorporated method (OneShot3DNet) for reconstructing 3D surfaces.
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Corneal quality assessment for corneal transplantation using hyperspectral imaging
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1. Introduction

Cornea is the most widely transplanted human tissue.
To ensure good surgical results and effective visual recov-
ery, thorough screening of donors and donor tissues is nec-
essary throughout the process [1]. This screening minimiz-
es the risk of transmitting infectious diseases and environ-
mental contaminants to the recipient, while also guarantee-
ing the transplant’s high optical and functional quality.
Therefore, the quality assessment of the cornea at various
stages - from donor selection to the transplantation proce-
dure is crucial to ensure its longevity and effectiveness.
Currently, these assessments are performed using equip-
ment with the need of skilled personnel, where assessment
can be subjective and lack specificity [2]. This research in
this context, proposes a methodology using hyperspectral
imaging (HSI) for the quality assessment of corneal flaps
prior to transplantation to address these issues. HSI, which
is a non-invasive imaging technique, captures both spectral
and spatial information of the sample under investigation
offering automation possibilities and chemical specificity
[31].
2. Materials and methods

The corneal flap or button is carefully removed from
the porcine eye and was imaged using a hyperspectral im-
ager (Pika XC2, Resonon) with spectral resolution of 1.3
nm as shown in the Fig. 1. Corneal button is then inspected
for stains or pigments in transmission mode.

a Hsi b
camera O

N———
A

Corneal
flap

> | Beam
/A o,
/ splitter
lllumination
source

H 1 Reflectance sample
Fig. 1. a. Experimental setup in transmission mode, b. corneal
button or flap placed in a glass slide.
The corneal flap is mounted on a stage and scanned at a
speed of 100 pm/s across the beam to capture the whole
surface of the cornea.
3. Results and discussion

RGB photograph of the porcine cornea button used as
sample for imaging is shown in Fig. 2a with regions for
hyperspectral data extraction marked as 1, 2, 3, and 4. The

spectra extracted are shown in Fig. 2b.
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Spectra used for classification

Dips shows the absorption by blood stains

The blood stains (green & blue regions) are
clearly mapped in the classified image.

Classified image using
1 Spectral Angle Mapper

Fig. 2. a. RGB photograph of the cornea button, b. spectra ac-
quired from four different regions, c. SAM based classification.

The dips observed in the reflectance spectra at approxi-
mately 420 nm, 550 nm and 580 nm are associated with the
Soret band (around 420 nm) and Q bands (550 nm, 580 nm)
of oxyhemoglobin, a major component of blood [4]. These
spectral features are therefore strongly suggestive of the
presence of oxyhemoglobin, confirming that the stains are
blood-related which need to be cleaned thoroughly prior to
transplantation procedure to avoid any post-operative im-
plications. The spectral angle mapper (SAM) was used for
image classification as shown in Fig. 2c where the stains
were clearly mapped (green and light blue regions) based
on the spectra library created from four different regions.
By mapping such specific wavelengths to the known ab-
sorption peaks of substances, the various stains and pig-
ments can be accurately identified and confirmed.
4. Conclusions

The proposed spectral image analysis provides a robust
and non-invasive method for detecting blood, enhancing
the precision and reliability of the corneal quality.
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grounds using YOLO V7 and U2NET: Orchid Repotting
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1. Introduction

In the horticultural industry, determining the appropriate tim-
ing for repotting is crucial for plant health and growth. Tradi-
tional Automated Optical Inspection (AOI) techniques fall short
in addressing the high variability inherent in horticulture due to
environmental, genetic, and growth-related factors. These tradi-
tional methods are inadequate for dealing with the dynamic and
complex nature of plant cultivation. Therefore, advanced deep
learning models are needed to predict optimal repotting times
and ensure precise target object detection amidst complex back-
grounds. This study employs YOLOv7[1] for prediction and
U2NET(2] for image segmentation, replacing the masking func-
tion of YOLOv7. The effectiveness of three YOLOv7-trained
models is compared to evaluate their performance in recogniz-
ing Oncidium orchids under challenging, cluttered background
conditions.

2. Methodology

Varatharasan[3] et al. addressed cluttered backgrounds in ob-
ject detection by creating synthetic data with heterogeneous
backgrounds to enhance learning efficiency. Extending their
methodology, we captured images of Oncidium for back-ground
removal. After processing, the data were categorized into three
classes: background removal, no background re-moval, and a
combination of both.
In the data processing phase, images were classified using
background removal, no background removal, and a hybrid ap-
proach to improve recognition precision. U2NET was uti-lized

for background removal, significantly reducing pro-cessing time.

Subsequently, we trained the YOLO V7 model on these images
to develop a custom recognition model. These three models—
background removal, no background removal, and hybrid—
were compared to analyze their recognition accuracy.

Fig. 1 class 1 repre-
sents 1-inch potted
plants, class 3 repre-
sents 3-inch potted
plants, and class 5
represents  5-inch
potted plants.

Fig. 2 YOLO V7
deep learning model
architecture.
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3. Results and Discussion

In practical field recognition, the hybrid model demonstrated
the best performance among the three models. Although the
training data with background removal yielded the best predic-
tion values during pre-training, the actual field environment,
characterized by complex backgrounds, revealed that the back-
ground removal model had lower recognition rates in such con-
ditions. From Figure 3, it can be observed that the hybrid model
has the best recognition rate among the three models for identi-
fying potted plants that are ready for repotting.

Fig. 3 Predicted
results of the
three models

hybrid model: 0.48

background removal model
no detect

mode
( ion of repotting)

3. Conclusions

In the data processing phase, replacing the YOLO V7 mask
function with the U2NET model considerably acceler-ates data
processing speed. For image handling, photos were processed
under three different conditions: with background removal,
without background removal, and using a mixed approach. The
mixed training meth-od, which combines features from both
background removal and non-removal, effectively addresses the
challenges posed by complex backgrounds. This method em-
phasizes training on contour shapes extracted from backgrounds,
thereby enhancing training effectiveness in environments with
intricate textures. Utilizing advanced models like U2NET and
YOLO V7 has substantially improved the precision of identify-
ing and classifying different growth stages of orchids, which is
vital for automating horticulture and customizing applica-tions
in orchid cultivation.
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1. Introduction

Near eye displays (NEDs) are glasses-type wearable
displays that play a pivotal role in augmented reality (AR)
and virtual reality (VR) applications. Various optical tech-
niques have been developed to realize compact form factor,
light weight, wide field of view, large eyebox, and high
angular resolution. However, natural three-dimensional
(3D) image presentation without the ver-
gence-accommodation conflict (VAC) remains a challeng-
ing issue. The VAC adversely affects the visual comfort of
users, leading to eye fatigue, particularly during prolonged
use. To address the VAC, NEDs should present optical 3D
images to each individual eye of the users. Super mul-
ti-view (SMV) and holographic display techniques can
generate optical 3D images and their application to the
NEDs has been an active research topic recently.

In this presentation, we introduce our recent work on
SMV and holographic NEDs for AR and VR applications.
We show that the light source array can be adopted in both
AR and VR configurations to achieve the SMV NED with a
slim form factor. The realization of the foveated holo-
graphic VR NED is also discussed, demonstrating its com-
pact implementation using a geometric phase lens.

2. Slim SMV NED

SMV displays present 3D images by projecting their
slightly different multiple perspectives to the corresponding
viewpoints inside the pupil of each individual eye of the
user. When the eye is focused at the intended 3D image
distance, the projected perspective images are precisely
overlapped in the retina plane, forming a clear and sharp
image. When the eye is focused at different distance, the
perspective images are spatially separated in the retina,
giving defocused or blurred imagery. This effect drives the
proper accommodation response of the user, solving the
VAC problem.

The implementation of the SMV technique to the AR
and VR NEDs often results in bulky system form factor and
reduced image resolution, diluting its own advantages. In
our work, we use an LED array and a ferroelectric liquid
crystal display on silicon (FLCoS) with a waveguide con-
figuration [1]. The light from a LED is delivered by the
waveguide to the eye side, modulated by the FLCoS, and
then focused on a single viewpoint spot in the eye pupil
plane by an out-coupler holographic optical element (HOE)
on the waveguide. The time-multiplexed synchronized op-
eration of the LED array and the FLCoS enables the projec-

tion of the multiple perspective images to the slighted sep-
arated viewpoints within the eye pupil, presenting 3D im-
ages. The use of the time-multiplexing scheme enables the
3D image presentation with its full resolution of the FLCoS
regardless of the number of the viewpoints. The novel op-
tical configuration with the LED array, FLCoS, and wave-
guide enables slim and compact system implementation
without compromising the form factor.

3. Compact foveated holographic NED

Holographic displays present 3D images by reproduc-
ing the wavefront of the object. Coherent laser illumination
is modulated by a spatial light modulator (SLM), forming
3D images with complete depth cue. The holographic
NEDs have several advantages including the VAC-free
natural 3D image presentation, wide depth range, and the
aberration pre-compensation capability. These features
make the holographic NED highly promising.

In our work, we add a foveated display feature to the
holographic NED. The foveated display is a technique re-
alizing a wide field of view with a smaller number of pixels
utilizing the non-uniform visual resolution of the eye across
the field of view. We develop a novel optical configuration
comprising a geometric phase lens and two SLMs for the
foveated holographic NED [2]. The polarization dependent
optical power of the geometric phase lens gives different
magnifications to the holographic images from two SLMs,
realizing the foveated image presentation. The holographic
virtual image formation at an arbitrary distance by the indi-
vidual SLM allows all the physical system components to
be tightly packed, enabling highly compact system imple-
mentation.

4. Conclusions

We have developed a waveguide-type SMV NED and a
foveated holographic NED. Both of these designs address
the VAC while maintaining slim and compact form factor.
In the presentation, the principle and the experimental re-
sults will be discussed.
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Fig. 1 Experimental setup.

Fig. 2 Micro clouds illuminated with RGB lasers.
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Fig.1 Optical setup. Fig.2 Single and double-pulse-excited voxels.
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& 5 IEAE (Talbot BRAE) HEATZL Z A THFRO
TR E LTHND, 2 ONET IV O
T2 AR D T 5720, ZhEFA L
TOAREHZ RS 5 2 &N TE 5, [2]

HM Observation
\ : surface
Wavefront Eropagation 2 — Spot
________ A
— »O
V I T
_______ >y Positional
| deviation

Fig.1 Phase detection principle

3. ¥YIal—val MR
Bt v 7 v & OALFRZED 180° 1T WA
MEARTEHROBIFICB W TRAENKRELS DL L
Doyimole, Lo THENE, Fig.2 [ZRT X9 7%,
BREEE 7 L & O EE W L 35 EZEG 5
EAARIE B &2 R L CTAARE i 21T - 7o,
50° 100° —50°
LN

0° 50° | 150°) 100°
< >
1 pixel

Fig. 2 Differential encoded phase

¥, SRR 2 A SAUAARTE 51T 11 1#
55 & L, BT 5 &7 R LRI ONARZE D i Kl
ENAHZEL Y L ERE L, NI L - THAL
HEL VBT L, 27— b — b ERDTRR
% Fig. 3 (2”7,

T5op- =TI ETEMR
EE TnRagrl iy
777 X0 HEL IR BEEA DY . +
100° DO, Fxb=T7—L— MR/PhSNT LN
MhoTlo,
0.3

02 b

0.1 ¢

Error Rate

0 1 1 1 1
60 80 £100 £120 =140 =160
Phase difference range (° )
Fig.3 Error rate for each phase difference
P

[1] M. Tokoro et al., JJAP, 60(2), 022004 (2021).
[2] C. Kaottler, et al.,Opt. Express 15(3), 1175 (2007).
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17p-A37-3 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

NATFRAEHEERAWLEIRRERM O+ b=v 242073200
FRRIE R BR
Experimental demonstration of spatial photonic Ising machine
with parallel processing using bias-phase
BRARBRE OKR ®&E TH & /& #HBh 28 #
Osaka Univ. , “Takaaki Kihara, Suguru Shimomura, Yusuke Ogura, Jun Tanida

E-mail: t-kihara@jist.osaka-u.ac.jp

W7+ h=v AV T~ (SPIM) 1%, MAERE(LIEZEHRE AT LATHD,
KR AEEROE S 2N TE DY, RV RAT AT, Rzt 572012, Eifig
(2% DRl &2 B2 U CREMICIROEER 2175, L, 1 KEICSE 1 SOMAH LiHl
TERWe, ML U TR KERESMLE L 72 5. KRR TIE I L—T 4 7RO
NA T AFEE W ZZIZEC LY, B DMAEEEZWHNZHMBATRE/R 2/ 7 4+ b=y 7 A
DT U EBET D, WHRHEIC L AR ERICL Y, RVWEEZENT 57 DIC T e
BRI ZHTE 5, EFOLFREMEL, /vl y MUBEOREIRE 21T o712, %2 HElk
BICBT DB EOEIC LY, _ETEOGIEEBEE L.

Figure 1 (Z/3A 7 Aik8 % v 72 SPIM OIS 2773, SPIM Tld, MEREIZAS ORI
DHETRIIND. ﬁ*ﬁ’%ﬁ}%%q[y €{0,T}D/NA F VU —fFHNRXF — Pl LD, MEFITAE
filiEo =e® € {—1,1} L LTEHIND. 2250 SLM (2L » TIRIE « MAHNERH ST I L >
Rz koTHENEND. A A=V THEAETLONREZ TGS 5. TGS DM ET,
MAEEOMIMETH DA P I NINV =T VH = —0"88T0 = = Y5 §€n0j0p \THIE LTV DO
SREENR K E 72D XD, NAHER Y — OREERIC L Falifif 2 3R 3 5. AT,
WA AE = O DRI L 7V —F 4 RO AR T A Z W T2EM L EL 21T 5. BARRY
W21E, EEOMARANRZ =N LT, T A EEETH LT, S —T 4 T DHE
WIS CEHTIC L » THENNEEZ Y7 b SED. TRENDOAE VEEICHIG LA Y 7
N =7 HO ORI L0 BRI ZEIK T, MRROEEIN AL 5.

FEERTIX, EEDAE € (0,1} THRIS N A HDS 100 O/ v - RE O fed iR R SR (i
ALz, £2EH (N) BV TCEBINMEEDOE A N 7T A% Fig. 2 IZ7R7. BRI 50
BB DR E DR 2B L& 24, N=1 TIiL66.5% N=4 TIX76.1%&720, LEHK
WIS UCRRRSEE M B L7, AFER KV, Z2EAZHWTEEOMAEREOIFIFGIC X - THRR
PERENA B9 D 2 L A EFELT-.

AAFZE1% ISPS BHiFFE: 23H04805, JST ALCA-Next JPMJAN23E2 DB A% 1T 7= & D T,

90 L 0 3 777777
Feedback sg : Average 52 ‘ Average

Amplitude ¥
Binary phase gjas phase
Lens

Frequency
waum
Frequency

0 |
20 ;
consre 5 i T
. Position shift 050 60 66570 80 % 100 50 0 70731 80
~— Accuracy Accuracy
(a) (b)
Poemmeen Average i ------ Average

0 : :
30
20
10
055 g %

| \ E 50 70 754 80 o 100 50 50 70 761 80
Accuracy Accuracy

Frequency
suawned
Frequency .
538883833888

Fourie transform Image sensor c (d
Fig. 1 Spatial photonic Ising machine Fig. 2 Histograms of optimization accuracy
with parallel processing using bias-phase. for Min-cut problem with (a) N=1, (b), N=2,

ZE ik (c) N=3, and (d) N=4.

1) D. Pierangeli, et al., Large-Scale Photonic Ising Machine by Spatial Light Modulation, Physical
Review Letters 122, 213902 (2019).
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17p-A37-4 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

BiB0 R ERAV-BREEETFA A —D T DHD
i 51|58 FE AR BRI TE DR E
Parallel intensity correlation measurements
for high-brightness quantum imaging using BiBO crystal
MPERBERTER |, ®FK0aSIS? CMD)EH #EFRF !, KA 2 5 & 12
Kobe Univ. !, Center of OaSIS 2 °Kanako Yoshimura!, Naru Yoneda'2, Osamu Matoba!-2

E-mail: 248x093x@stu.kobe-u.ac.jp

BIAA—V T D=L, BEfFbONKTHEFHATLIFERS L. ZOFEE LT, @
ZERIMRRERC, TTHLAYZR ) A AAOIiHEe E3 2T B4, 4 Tld EMCCD (Electron Multiplying
CCD) 71 A 7 & W= WFBREFBRIEIC L > T, 4 A=V 7T OMFEBRR L TWA[L]. L
ML, BEREIN TS FEOELIE, BT b OO A K — il < 5 BBO ik %
AW B3 T A N w7 FHZH: (SPDC: Spontaneous Parametric Down-Conversion) 73U 5
NTWa., £0—457T, ZH#ifish Th 5 BiBO fidha HV 72 SPDC X, &0 “IRIERIEILFER
DREEINE, BHEERETA A=V T ~OISABYFE SN TV [2]. AFFETIE, B
A A=V 7 OFEBICHT T, BiBO fishx W &+ & OUGEIC k9 5 EMCCD 71 A 7
Z N2 A HBREFABIIE 24TV, SEIRCHIE SIEIS R 2 Rl 21T - 72

TERL L 72 6522 OB &K % Fig.l (&R $. Type- I (ARIEAIZ X% SPDCIZ &k - T, & 405
nm OV HIEE 810 nm D E b ONNFRIVDAEMR I HEERE Lz, fEfmicxrd 57—V
THEICH AT EZRE L, 50t aoAmmig a AV CHREMBRK3 2F R T2 2 Lic kb,
T OEEBEOHEAMIE Lz, BE LG iR 2 Fig.2(a)ll, 100 58D G- Amn
B 15 b BIRIER % Fig2(b)ZZNZHRT. Fig2(b)&k D, — o012 liFEkTH
HEnioe X, e FITmFE-kMHTIZRELTEY, HFHICESHEOHER S H Z &
DHERTE 5. FEERFIZIEX, BBOfGmE HWGE SR L, &7 b 21Ut TR ORBAELFER
A A=V TR OWCEHMET 2 TETH S.

AT D —ER1%, FHFEMFSEE A B4 (20H05886, 23K 17749) D Bk % 52 1 T F2Hi L 7=

Laser
405nm

HWP gpr ¢ BIBO Lens
LPF (=100 mm)
e IO
Fig.1 An optical setup. HWP : Half wave plate, Fig.2 Experimental results: (a) Photon distribution image.
BPF : Band-pass filter, LPF : Long-pass filter. (b) Intensity correlation function with (130.65) (red dot).

[1] M. Reichert, et al., Sci. Rep., 8 (2018) 7925.
[2] H. E. Guilbert, et al., J. Opt. Soc. Am. B, 32 (2015) 2096-2103.
[3] H.Defienne, et al., Nature Physics, 17 (2021) 591-597.
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17p-A37-5 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

LIDAR ZAW=T 5 T—a v —V DB L ESBDORE
Position and Posture Estimation of Moving Object with a Color Gradient
Pattern by Using a LIDAR
FARIEIEL, FKCORE2 OFH KL, XH K2
Opt., Eng, Utsunomiya Univ. * CORE, Utsunomiya Univ 2, °Shota Hasui !, Daisuke Barada 2

E-mail: mc236531@s.utsunomiya-u.ac.j

1 ZC®IZ

A~ — b 7 4 212 LIDAR MHEH S 7B FE A TG IC B - TR 0, FIRIC =R ITREHI
PITZ D E DIl TEZ. FERMICIIEREICHER SN Z L bl T&E 5. ZhEAVWD &
R 70 2518 2 O IR TTIREHIMT 2 2 721 T7e <, A Z =R EORAEZEMIZEHI L7z
MEEEL LB TED. AR TIILIDARICE A AR (77T —vay) Obb/ ¥ — D
BESTNC Lo C, N —vOH D RO E R L, ZOVHENICHL T 7T — a0/ 2 —
YOMEERHT D Z L THE LR EZRHTEHIEL, ~—h—LAREDE TR E)
OIS Z L2 Ratd 2. ~— =L L TROAR(T T7T — a )Db b/ % — 2%
W FIEEIRET .
2. UIT = a N E— 2 ONE & RO KRR

7T T = a NG = ONLE L B ORI RICOWTLLUFIZE T, LIDAR (2 X - Tl 7
ML BEAD T T T — a 32— OEEBEHIEITY, FE 7 4 v T 1 o 7% FWT, s
BHExEm Lz, Zhx —ERBCER»D RIo R —AIEWmT 52 2128 ), FLKRESIZ
BRHEIICHIELTZ. VI9F = a rDEEIzonTiL, THETOMED FEIC L > THH TS
BBThd. ZOMRLY, /7797 —va " —COfEEEBPRITELLI RN DD, 5
BIZVTNVEA LD T X T H BT,

(©

Fig.1 Original and tilt-corrected images (Distance for camera to marker (a)1m, (b)2m, (c)3m)
27 3CHR
[1] HEHMK KHKE T 7AARATH#H W27 T —vav~v—h—0ONELZHORKRE,”
Optics and Photonics Japan 2023, 28PD5 (2023).

[2] Shota Hasui, Daisuke Barada “Position and Posture Estimation of Moving Object with a Color
Gradient Marker by Using a Depth Camera” OPIE 2024, 1P9-04
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Cloud Cover Prediction by Combined Analysis of Satellite Image and Ground Cloud

Camera Image

ZEEH@ER!

O7HE &'

EEE R L) fRER!

Mitsubishi Electric Corp. !, °Takayasu Anada', Takao Endo!, Takuro Tsuchikawa!

E-mail: Anada.Takayasu@dc.MitsubishiElectric.co.jp

1. FE®IC

=R =a— kT NAEEDOFEBICIH T T
TEEO—ER & LT, ITARR(~15 5
KIGHFEIC LD HERTHORKER L4 H
R LR E 21T > T\ 5, KB ERBEO T
2, KD EOEEZ FHIT D Z L08R
AR T D, T T, H B2 BEAS L7 Hifg
CEEEG AR L ERRICBIT S ERET
A5 HRICHOVTHET S,

2. HERR - fRAT

HES OB E LT, M RICERE LT,
FR L v XA RZEIZMIT e vt A F(EH
A TN LD EWIRNEAS Lz mig 2 v,

Hifg L LTI REHEOE DY I LY B
L7zl R oz vz, 2 Z R
ZNZEUSG L2 g o —f % Figl IR~ d, £h
b ERREDOFEKY A X EBEINDHE
OFPHZ G0 B A L CBASRZNC
B EWEF (cloud cover)EatHE L, AR L7
KR T — &2 OB % & o7z,

3. MR

Figl. O ZNENDOEHR T — & 1> 6 FH 14 TH
ST HIPH DB RZ R L RRIIT — 5 &
Fig2.(ZR"d, HMNEDATT—H, F L
VUMD RER T — Z ZoRT, Al RIS R
F 57y MR T, WA DEEROE A&
LTWD ZEDNERTE D, 2 DORERSNT
& O HARBIMEAT 21T o 7o iR % Fig2.(b)IZr

T, RERIIT — X IR 72272 L(F 770 47) T
— 7 o7 my MG LI,

4. £¢®

E AT G & BB SR LR
LRI BT D BHIFERORERIT — HITHOE,
ZALOMEM 3 — BT D5 R MG DTz,
BT — 2 o #5231 D BB R RS
TR EEMZ D L ZEOBEIC R E

— 7 ORHZEZENR RN D Z &N BESN
%,

5. #EE

R SLOMFFRITHF IR FZ R EE T 25T —H
AN A7 2 (DIAS) NHHGLAEOFE
PO T—HEHNTITWE LT,

2023-08-24 09:46:51
[

£ 2 8 5§ ¥
s 8 8 § &

0 200 400 600 S00 1000 1200 1400 1600

(a) cloud cameraimage (b) satellite image

Figl. Images taken with the cloud camera and the satellite.

UM
(b) The result of
cross-correlation analysis

(a) time series plot

Fig2. Time series plot of cloud cover and the result of
cross-correlation analysis.
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20a-A37-1 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

CsLiBsOio ZALVERENRREERIZE TS HNELDORAE ()
Investigation of output change on DUV light generation using CsLiBsO1o (1I)
BRABEL , BRAL—H—82 RIREXS, ARV bAZHRA
OBH #R! K #hig!, WX BE2 #¥# BZ° B W2 =56 /K°
A a FEX REL S8 EFL Al ZERFL & BN S BHE?S
Grad. Sch. of Eng., Osaka Univ.}, ILE, Osaka Univ.2, SOSHO CHOKO Inc.?, Spectronix Corp.*
OKyosuke Shimada!, Takumi Hara!, Kaho Yamamoto?, Ryota Murai?,

Tomoaki Nambu?, Yoshinori Takahashi?, George Okada*, Shigeyoshi Usami?,
Masayuki Imanishit, Mihoko Maruyama?, Yusuke Mori'?, and Masashi Yoshimura??

E-mail: kshimada@cryst.eei.eng.osaka-u.ac.jp

CsLiBsO1o (CLBO) fitifih & FlW 2 ERESEIR O tH Ofbicmid <, RIS L72BRI2E C 2550
SR DHEMNFRED 1 D& 72> TS V. INEVLERIZ K 0 N KA 2 KK X & 7= CLBO 2AFH Y
WS %D &, EOBKE CMEBABREZRETHHNINRER LN E2RE LT KRR TIEZO
BEDA =X LFEREZANE LT, F—A Ty FOIER L7 2 20D CLBO FEFITHE 7 2 inEuL
P2 Jii U 72 BROTRERSN G ) ORRRF A L 2 A LT,

CLBO F 1 (5x5x10 mm®) % Fig.LIZ R T HFROE/ANICEE L, K 532nm, FEH T 20W D
Eafb LA L —W =3t h AS LTI R 266 nm OREEN LR R EBZ 1T o 7=, BREEIDGITE AT
1372, IERHC O AR AE ST, FFIX 150°CIThE L, BN Ar F A (200 ml/min) Z3E L7-.
F9°, Fig.2 TR & 91T 1 2 H IINEVZ foe 1T T 1 OFRRFZE L &2 F1 7= (Lst heating) . PN D KA
T DZIZWBEL TV D ZOIREET, £ 7% 50CICRRIR L THvDH Ar H A% 1R T 3 B O KL%
Tolz. ZDt%, BIE 150°CITIEANL T Ar HAZW L7203 b E b ZTIR D &, JeATHE L RO
MK T3 R &7z (2nd heating) . 7272 L, AJIH 5 W OAIZIIKAHIY D& BT D T 1R
EEEZBLTHAET—E W 11W) THYH, ZORTHEZIHDBEWIGEIZR > TR OIS s
BT H., ZNETOMEOLIEEZ, KRMMNZERITHEEL T D HRILS DB, BRI OR
K722 D KIS FERNICTER SN B L. £ 2 CIOMMEE AN E LT, WNERICKR MY A3 7%
B LUT2RRED 5 HEIINEVAE #8 CTHx B [A] CWOKALBR A 4T\, 2 [8] B OB KL % 32 7= (Fig.3). %
DFER, Fig.2. L 1T HE72 0, FHRINE S 1[EH OB & [FRREU Lo ARG, 77205,
K FESIRAAH) O BRI FEOREIRREIC KR E S HEEZZ T H 2 ERH Lol 5%ITZ O
RIGIERE T /L DORRGIEZ D 5 i, CLBO DR ZEEF4 HB T 2 MRELZ R T2 PETH 5.

AWFFEIL NEDO 7R A b 5 G EHiE(E > A7 LERRILAFZE P78 SE3E) (JPNP20017), JSPS BHiff#
JP22H01993 DBk =% 1 F TR LN TH 5.

1) #rikfh, L —W—WF%E, 45,580 (2017). 2) (LA, L —H —F2ERKE, B07-19a-VI-04 (2023).

Ar Gas l I ~ 84 < 84
s ) 3
s LA K] =
532nm g 82y 0.--'-'.;“-""'7--' g 82| o .
Picosecond " §' .. ° ° 028 W down §‘ (S 7€ L3 gu -
Laser Source 3 8= l_o_ o 3 8¢ . ¢ *
= L] g o o
Pulse width : 42 ps S ° S ® 2nd heating
Repetition frequency : 100 kHz & 76 + + + * S 76 - +
Beam diameter : 2.8 mm 0 10 20 30 40 50 0 10 20 30
Time (days) Time (days)
Fig.1. Experimental setup. Fig.2. Change of the 266-nm output  Fig.3. Change of the 266-nm output
M: HR 266 nm mirror, during heating process. during heating process.
W: AR 532/266 nm window (1st heating: 32 days) (1st heating: 5 days)

© 2024%F [CRAYEER 100000000-174 Cs.3



20a-A37-2 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

CsLiBg0yo 5 S D REN A FBEBRUNRKEDOFAE
Investigation of DUV-induced absorption defect in CsLiB¢O1 crystal
BRKXL——8 ', BRKBEL? BIE&EBHR: FHI+ 24
OXi#E REzt!, WX B2 i #HA', #H# BS3 A-+iE M
il W, F BNV S BES
ILE, Osaka Univ.!, Grad. Sch. of Eng., Osaka Univ.2Z, SOSHO CHOKO Inc.?, Gigaphoton Inc.*,

ORyunosuke Oura!, Nagi Yamamoto?, Tomoaki Nambu', Ryota Murai’, Hironori Igarashi®,

Makoto Nakajima!, Yusuke Mori*3, and Masashi Yoshimura'3

E-mail: yoshimura.masashi.ile@osaka-u.ac.jp
V—*f—bulﬁ&ﬂﬂ (ZIA1F T CsLiBsO1o (CLBO) fitifiti & W T2 ERERASGIR DB 23 D &
LTS, EAN SOV ME RN T 5 Z ERFED 1 D& 2o TnDH D ZhvE

T I WIURER 2 T35 13 d 503 2, IR E SR LT 2 8108 B LI-#F7EIT
F LA EThbR T, £ 2 TAZETIL CLBO FifbICIE 221 nm OIREINEE B
L, BRI ORI A A LT,

Figurel [Z/R 365742 VY, S5 E/VNIZEE L7z CLBO #7112 221 nm Jt 2SR
L7z, B IEE & 266 nm YA ALFR 1 (5X5X10mm?, 4 mafFEE) % Hv 7. =ik 23°C,
KEGEMIT CAFRGIT o G, L v XDORIOIEE /R T —1% 5.0~30.1mW DS TRET L
T RE A L. Fig2(a) RO —FITH Y, CLBO FE1 O A SO K8
KaZRE L THE L LTEBZBRFEORKEELZ R LD TH S, HiERI IR AR
25 LIRAITURT L, K60 RIS V7 BENHER S L. ZOFBRE T IE 00 IIR
P TIERBATE o0z, REIDLICE » TR SN RIS F - I Bk Sz &
EBEZHD. WIZ, F1% 100CITME L TR 200 PRRST L, £tk 1 REE O ik
ik /TR 2 BT 5 3B 21T o 72 (Fig2(b)). @RI oflric k> THEIEL, %
IR M ENCARFI S5 2 EDVRIB ST, 2 D79, o6 & ko Yedhn (17
—trH#—) N CLBO THEMINTVND EBLEL TS, i CILEREOK THEGD
R R AT IR EE R EIC SOV T O HET A T ETH 5.

ARFSEIE NEDO AR A N 5G {HHIBE v A7 A HMMLAFSE B F3) (JPNP20017)
JSPS BHift# JP22H01993 DBk & 521 TR LNTZR TH 5.

1) #rHfth, L —F—AF%E, 45, 580 (2017).
2) H. Turcicova et al., Opt. Express, 27, 24293 (2018).

o 1 o 1
g &
[
k=] 0.8 Bulk damage _2
Feedback Fﬁfgg gO.G £ 0.95
Control Beam diameter 8 ] 1h Interruption
8.3um Fo0.4 = ;
| Power D - 09
f=50mm | '| Meter N 0.2 F ﬁ
91 ‘ 221nm / | g ' ©
nm . I IS
Pulse Laser Source [] |\ = s O L 5 0.85 L L
M | \ wy CLBO Hw =z 0 50 100 Z 0 100 200 300
Pulse width : 5ns Input Power Time (s) Time (s)
Repetition frequency : 6kHz ~ 5.0~30.1mW
(a) (b)

Fig.1. Schematic of experimental setup. Fig.2. Transmitted power degradation through CLBO at

(a) room temperature (Input Power: 19.0mW) and
(b) 100°C (Input Power: 30.1mW).
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BE—ATBRI)F LT /BEOREQ)
Fabrication of Nano-Scale Thin Film Lithium Niobate Structures (1)
BEXRL ORHHE##E, SHE—, RERE
Yokohama Nat’l Univ. °S. Hachuda, R. Yoshida and T. Baba
E-mail : hachuda-shoji-dc@ynu.ac.jp

LiNbO3 (LN) 13K & R BEOC TR, FET
R, EEZNR, IR T ONFEAME R & D
FrRZ2A4 %, #IELN (Thin film LN: TFLN) %
FIAT 5 &, @V CIADIC X 22RO K
& TN ADNRULRRIRRIZ 72 5728, Eilkng
RPN A LT A R ERFIE ST
WBHY, 72720, LNIZRIA =y F U IREEL

<, FRETEREMT & 43T ITMESL STV R0,

Tz 134, SSC7 7 A /A 7T OF| A K
EEBX, TV—T 4T AT TICLDT 7 AN
A ERET L T2, HiEIXAr ICPZ v T
TN EDTRLNOIN L2 A, =y F 7 L—
K 2317 nm/minC, {RE170 nmD 7 L—F
TEWE LY. SRy F o 7EEEEE
L, LV@ELv— oy F o 7Tl tTs
NA AZBELT.

Fig. Lic 7 v AMEZRT. v A7 2iEE
Ty F TR HOFOX1I6L VA M A, =
F > 7' \ZiXSamco, RIE-200ip%, ~ A 7 oHEFE
WIBREIZIIBHF E 7 B = 7 WLBL & V=, (K
HAETCZyF 7 —"RAETDHEND
WEND D720, FAREN0.1 PalliiE L7
LA, myF 7 L— FH24 nmiminE TH
L7z EE900nmD LY A F A HWTHEREL
727 A » OWiH &k R & Fig. 21ITR"d. LY A
MEZ1X360nmE +535 > TEY, Lumigod 7
V=T 4 U TE 2. 2D & = DOMIEESA
FEIX78°CThH S,

W72 YT A AL LT, B A v H —
T A AZBELIZIRILT + b= 7 fEimE
W (ID PCW) & 7 L—F 4 v 7 h 75 %l
ELTZfER A Fig. 32T, A%ITNHOREES
B OMEEZ1T 9 TETHD.

BE IR

1) M. Zhang, et al, Optica, 8 (2021) 652.

2) LD, JEMETE (2024) 22p-12A-4.

3) HHL |, INMWAET (2024) 22p-12A-5.

4) F. Kaufmann, et. al., Nanophotonics, 12 (2023)
1601.
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Fig. 1 Fabrication flow of TFLN nanostructure.

Resist nm
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Fig. 2 SEM image of Ar-ICP etched LN line.
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()
Fig. 3 SEM images of TFLN nanostructure. (a) 1D
PCW and (b) grating coupler.
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TFLN B EBRAITL—T10 T hTSOMEREL()
Structural Optimization of Thin-Film LNOI Waveguide Grating Couplers (II)
BEXRT CdRZEs HRES KRSRE
Yokohama Nat’l Univ., °R. Kitahara, N. Tahara, T. Baba

E-mail: kitahara-ryosei-gd@ynu.jp

M= A7) 5 A (TFLN) & & O 72 @Ot AT eC @ R IERIE 7 3 A AR ST
B, REROKERMT T v 7+ —LOEENERD SN TS [1,2]. LrL, B—E—FKE7 7
ANEDENRIRFES DT O SSC ITmEHEERAHE L. K (@D LI v—T 4 T HTTIZD
WTh, ETFRFRBNT— RAREERH DT OMENHEN 30%E LK<, @M bnifETh o7
[3]. A, FxlL2 Bfr= v F o 7 CORELZTRE L T, 3% 60%DOHEZFHE L2y [4], FEBRTfE
OIDE IS0, A= =T T REHETEL TCWRENoT=z. ZNEHBRET D ERNMETT IR, 45
A, SOICEkELEED, 213 64% (K 2dB LLF) OfEL R Lo THiET 5.

WEDEEZEIZ, TFLN OE XL 0.6 um, B E THOZ 7 v NIEZ 4.7um O SiO, Jg & L=
[1]. #E 1550 nm ([ZBWCEEEINE HF RN L-8HIT /=7 7 A N DG ERKNILT D X )1,
Lumerical FDTD YAx#fis X = U—3 = > & WA THE G E LRI CMA-ES OfEA& b1 [S)Iic k-
THE & e b L7z, Ari2 X 5 TFLN O v F > A1 L2 FE LU TR A B OMIEE £ % #AY) 72 60°
WCHEEL, BETyF U7 LBy F o 7OV A XENLE, RO NNIT 7 A NONEE HH/$T A
— XL LIz, TVv—T 4 T h T T HREND R 2 k&G0 KkEERO—FAK 1(b)THD. B
MERRTEIRIC R 5 TWAMN, 2Dy F Lo IO~ AT RE— 2 TRTH LT, BYERRE RS I 72
STWS. K2@DHBHNEDT I 2 b—a UREREZ R L EDND LI, R DT 7 A4 /3D )5
RS STV D, K207 7 A SASDFEENEARZ ML ThHY, JHE 1550 nm (ZB1T HifE
BNRIL 64% & 72 oo, MEBEAN M L35 &, HBbOBHEREED, LD EWIRBIFTE D,
ZZ3CHR [1] D. Renaud, et al., Nat. Commun., 14, 1496 (2023). [2] A. Boes, et al., Science, 379, 6627 (2023).

[3]1D. Zhu, et al., Adv. Opt. Photon., 13,242 (2021). [4] ALJFIZA, JSWHETS, 22p-12A-4 (2024). [5]N. Tahara,
et al., IEEE Si Photon. Conf., WC4 (2024).

(a) (b)
Fiber 18 pm
5 LN 1 47um
0 LN 0.6 um
Si0» Si02 1 47um
Si Z Si 3.0 um
! x&»y T
I TFLN 8RR 7 L —T 7 7 7T HiE. (a) &, (b) Halifk L 7o oo —f4.
(a) Fiber (b)
10 — 5o 100
— - =t
5 —_— _ g i 64%
=3 e 0o = 50 F
0 mnuunuyc.m.l-&.v.lgxo_.v.......... 0 = & i
== N
-5 1 T —0.5 S 0 | N (N (NN (N (N S S
-5 0 5 10 15 1500 1550 1600
y [um] Wavelength [nm]

2 FHERER. @) E 1550nm OHEHY I 2 b—va UER. (b)) BH—F— RF7 7 A4 X~DfEELD
RANRXYT L,
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BEBASAEFEFXVYETA AU TIT&KB/ LR L—F—DOF/H AL
High power operation of cavity dumped pulse laser with ultra-low loss switch
BEXL—Y— OXHELH, EBHREESE
Institute for Laser Science, University of Electro—Communications

E-mai|: yoneda@ils. uec. ac. jp

BIfE, < OFET VAL —F—=RBREIN TS, FRTEBE VA L—F—OfIk Tk
T RFr Yy ZRIREG L SVAE v I — CPAIZK DR L WO b OB LTI HiEE > T D,
ZOFETIE, BIERN DO INE, BB LETRD ONTBE RS> TNDHLDOD, £ DEE
ZHBEELTNDEEL DNV ADI S, 1 DETFERO L, BIFHETTWDIRRICH DL, 2D
SNV AFNT A E— L2 MCHA SN TS DT, HRERETHERTD e 2 LAAEET, Zh
IO HEIUE BOVIERTRE R VAT RV F =& T Z L3k, Z OREEL 72 5 01X
kbﬁ@ﬁ&ﬁi%“@QﬁK@ft O ZENT 2T TEDIIEEED AL v FHRME L
RHZETHD, WHRIEDAL v FIZIL EO ° A0 R EEFIA LI bONMEDILD A, FEaen
5INTIEHEW Q DI|-IRERIC~Y v F LA, £Z T, Frxld, BB LEKEEFEZTFOAL vF
., EORREMED R & EFEAAT > T\ D,

INETIT, [IENFEAL v F o ATz Im BEOHIRIR T, KT lppm BEICIZ HILD
ZENDMY . FREBRRYHTZLICHREI L. ASDEE LT 100mW LL ot a RGN
TI100W FREE L, Zha—KICBY L 1p] kDS AL—F—DOFRAEICHH L T D,
X2 H)

ZORDEPEL LT, mm X —(E17 9
=0l AL —Y—D U —%7 7 4 R—7
VT EMERT D LR 2 MR E TN E
HEREZIT->TND, T T, mliAfkice
b 72 0 RS EH OB, Wi sl D87
EMBGMNC2 D L TRRLTWD, FEMIXEER
RFIZIR D,

1 EE SN HERNREE =2 —DIF
e, RENFEAL v FICLVEY HER
7=V A L —HF—DIE R
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IV R ZER AL R DS
Development of ozone gas spatial phase modulator
BEREEKEL—V—HiERBFRE LV S — CBR BHER XH (i
Institute for Laser Science, University of Electro-Communications
°Yurina Michine and Hitoki Yoneda

E-mail: y_michine@ils.uec.ac.jp

77 AN L= —RFER L — Y —O@EEEH LN AT Ll kY, BEHEE, KD VY
7774 ETL—YP—DOFANEIN s TETND, =PI X DMENT. - RELEEF T
W, EFRIE L —— 1T 100kW 225 b O HEBIF S, (EROEINT - X H 1T EOBBIN T2 5
DEXHWZBMELTNWE, —FT, L—F—I ZAF LA THHAINDIRFEFITEHLTH, KRS
MSMS 72 ETL—F—DHEDO b D ZHET 2% FHHTETW5H, Lo, &) - KFRED L
— P =K T DIEHICER LN TEY , EFEO L —F—O @ IEIc e BRETE TV, RmZERZE
FEHE, AN L=V —WHONMNAHE HHICE(L ST D 2 ENARETH H720, ZEET— NOLER, £
ST A~OxbR, R OEF 72 EOISRICEDLND X 912> TER, iR~V UL R L
— = NEZOEFIARNTHZ LT HTERY, R —Y it &leoTn5,

ZDOEIRIRIMT, BAIZINE TOEEKETHOBAL, [IEEZHEIC LIZHTICTHZ L TH
THEZKICETIHATE D EEX, AREZED TE, B’ADBHEL WDV VRERMEFTO
RANE D # FEZSFR A FIH U CHHZE L 72 KUK R F R Tlid, 372 60m)/ ¢ m? DS L —HF—TH
RCE, EAREFER LS 2HRRE S 1600T/cm® O L—W—ifif 1, L /10 O EREE R I HEE ., 96%
b DOE VB EHTNER A FEEE L TV D (1,

IO OFBEIGE S NIRRT A RE S, BEFEORM /2 & OZRINAR R T L 7% 72 HHE
EROEMEEXHAL - —HOV AT LAERBELIEWEEZ TS, BRI, A58 - mil
Ay e WEANIE 2 RIFCAT 5 AL ER S 2T A Th 5, BEIRIZIEH I EOHBR THEE S
NTVWDRMENER T, HHAEHEFANATRERFZETICKRETILERDHY . ZHNARETHDD
D, EBRNRRE AT o, K LIZZOMRICZR D, F—SEZERNICER - AKEHmoO 2 FEOM
EW AR L=V —ICX R L, ZOMAGbE2REEORM - BRIOE SN HITH, & ZITH
FlE L —F—2 AT 5L, 1AROL—F =355l L, £ 5 ClEOEMMEETHFO LS T —
LGEITED LWV LD D, T, [FIFEO 4 SOZERER SN L —F—212hF L < Sk
TEX5Z L% T, FERMICIE, ZokdicLT ddad
VEB N S TALE X AL DAY L R TIRIC Mﬂ' ofe [y
1 BONVAL—F—Z A SH, 4 O8RS
METOL—F =TT, ZAINTpY  sermoRsg ATHROBER B AT pRoRER

(R—# 2 2R EIC4R)

NOFIER T E—= N TEDL LI R>TN EE £ - EEOH RBIEERI £ Y

s L2 | BRI S I L — 3t

X_Tb\éo VA
Y

/‘ : BEOKEAROEERE (E)
T suxATsRoREE (RE)
R p—
227 3CHK: [1]Y.Michine and H.Yoneda, Communications
physics 3, 24 (2020). 1 : 2WRICX 2 J5IH O I A K
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19a-A33-1

WZRBN D, b LIRE—E TERBH LIRS ED 2 L3 TE I ATRE

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

DYAVES Sy FZRAV-RBSTEH LIS & 5 REE5 18R

Enhancing thermal radiation by thermal extraction of silicon micropyramids

Pt ieE L, BURK ?

O M2) Ml w2 12

RE RF¥:, BH &F1

NIMS?, Univ. of Tsukuba. 2, °Ryugo Hosokawa'?, Etsuko Shimada?, Satoshi Ishiil?

E-mail: hosokawa.ryugo@nims.go.jp
WA, H S A B GHG J 2 R L7 BRBE R E R e KO ENTEIIZ /2> T d, L
L, BUSEHTIRE D 4 FlZ B35 729, 300 K 3T D B AT O M HIFE 771% 100 Wim? F2 5

W b A, 2ok

HEDO—2 & U TEEITROFIRZ BRI 2 TIERH DB, ZOHETIE, FEREREE
RO JETER & VRS H OO L § 5 2 & T, R 2K L TR I L= 2 i R E§
D7, BEHHEARE RO > THEITE < 8D, £ I T, FRIMNEDJE TR & Fits R
BN Y a (S RICE T Xy MEEZFRT 2 2 L T, BHE I UIEE 2 < kR D 0 & 5HE

& ERD B IR

L7,

A IREEFRVEIT IS BAEFETR TIE, 300 K O BRI R CTEH DT LIRS 70> & O Jilth % 2L
W E UTHEEBE L . PARANDEEEICHOWTERSRE AT ST 5 2 & TSN MEL RS -7z,
KEIE T Iy FIEENRH D Si P OBERA7 6 EZEH OB TRE A5 L, 2 OfE% 7 Si
DHBAETHB L L= D% Fig. 1. (@IZR"T, Fig. L. (@XV. 73 v MEENRHHZ & THZEH
OB LR L TN, /e 7 2w NIERNFEET L ZERW00 5, EBRTIE, E
I500uM KESIemADSiHEREZ YV =y by F U7 LTI 7R UVATF—LOET I v R
HE(Fig. 1. (b)) ZER L7=B, ©°F 2 v NI K 2B B Uik, BURsGH2 v i-BEZEdhto
TRl L7z, TORER, BT Iy &R S 5 Si PR Si HEpe Si D 72 W IEE
L0 BURRE P REREEZ R Lz, ThOOFRE & ERIL, Si BT Iy FEERIEREY &
WIEETH DI H D LT, BUSS B LIC X 2 BMEFHETRN ATRETH 5 2 & 2R T 5,

e

(@)

1.7

Enhancement factor
>

-
-

-
o

-
(2]
T

-
'
T

-
w
T

s
N
T

- & )
] 2 S S| - % g {5" i
= WOn % g
si% £ & siy 2 &
Thermal emitter Thermal emitter
Total internal reflection
5 10 15 20 25 30

Pyramid width [um]

(b)

Fig. 1. (a) Enhancement factor of Si pyramids plotted against Si pyramid width. The enhancement factor is
the radiation intensity of the Si pyramid normalized by that of planar Si. (b) SEM image of Si pyramids.
%3 CHR:[1] T. Li et al., Science 364, 760 (2019); [2] S. Ishii et al., Materials Today 75, 20 (2024); [3] Yu,
Z.,etal.,, Nat Commun. 4, 1730 (2013); [4] B. L. Sopori et al., Solar Cells 8, 249 (1983).
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19a-A33-2 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

T3 XEZ v 7 HiRBH b OF ERIRER ST
Angular selective thermal radiation from plasmonic resonator
WALKBEL * O&K{E L, Rihav Benlyas', Liu Zhen!, HEi&id?
Tohoku Univ. !, °Makoto Shimizu?, Daisuke Matsuura?, Toshinori Kado?, Hiroo Yugamit

E-mail: makoto.shimizu.a3@tohoku.ac.jp

[FUOIC] M2 REICEKRT D Z & TRORE 7 + /) PR E T T AE 2 LOFRFEICEL
D PRNB RIS B W THRIRB 2BV 2 TRE & T2 AR TR E TICHEBE S T o, L
L. FEMA 2R BEE BN S A LT D 7o OITIE . RIA VIR C OB & FR A e BB &
SSELNENRD D, ZOREIL, SO FEREO S FIRENE— REFIH Lz b o0l R REE
DOFBEREELFEE T 52 L TEATEXDLZENRESNTVDHE, Ll b ERES
DFRFHEZFIH LTV D720, B RO X 572 2 I8 08 BRI O HIE 2 E#E Ly, AT
ZeCIIIER O R E— F L BBEREEICBIT S Leaky E— REHASEL L TFIRE=y
7 FARZH I 1T D A BRI 2 28 LT,

[E8r] ©@B—FEKR—&E (MDM) &4 o7 7 XE=v 7 HIEHITx L T, Rigorous
Coupled-Wave Analysis {54 AW 5 S 2 b—3 3 02 K0 IR O A BER AR & fRAT L 7=,
F, FAERy 7TOEMNORIRITHNELE LN EEZZ6ND, £, Y Ialb—vaE
TV L AIRROIEIE 2 FR U BB o 4 B R 2 BTG L 72,

[FER L BL] FEEROBRELW RIS THAEL 352 LT Leaky E— RAAEL, HRZRO
R R Tt L2 B2 D3HEACE S ) LV E A EICB W TR W RE AT 2 Z L BB 60
Eipole, TOMEITMHOGBEBMIBNTRONDFEAE TORRNELEF LY b RE2oT
BY (Fig. 1), 77 RXE=wy 7 HIBROVRTHDLEEZ2 D, £, ZOHSFIETFIERINICE
YIialb—vasfReE IS —ET DI LB ERE LW,

0.6 0.4 0.2 0
Directional emissivity

Fig.1 Schematic image of a directive multiband thermal emitter based on MDM metamaterial structure (Left) and
simulation result of spectral absorptance vs incident angles (Right).

2353k

[1]J.J. Greffet et al., Nature, 416 (2002) 61. [2] S. Tsuda et al., Opt. Express, 26, 6899 (2018). [3] A J. Xu et al., Science, 372,
393 (2021). [4] R. Benlyas et al., Opt. Express, 30, 9380 (2022).
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a v ARY—7 XD Fabry-Pérot BIC ZFIAL /=

W FRIMRFE LB REE

Photocurrent Enhancement via Fabry-Pérot BICs in Silicon Metasurface on Mirror for
NIR Photodetection
MEXIL OFKH BN, RAB BHL BXK R EHF B!
Kobe Univ. !, °Keisuke Moriasa®, Hiroaki Hasebe!, Hiroshi Sugimoto?, Minoru Fujiit

E-mail: fujii@eedept.kobe-u.ac.jp
I R1400 nmEL B ARASIZT A & — 7l & T AL, MBS D I RIFA DL M O R
BUZ AR TREWDHEFALIDAROENERE L L TR SN TV D, Z0 ZOHEERET
D) A R—=2ADZNFRA DL 2 IR T DR DNIE<ATOILTWA[L], ZDRNTH~L D7
N—TVIN RF ¥ v TRORKGHERL 2 ST L7185 70 RN 2 622 360551 & 0 BEGR9~ 2 B 18
HLU7, $RZ, FEFITHEN Y 20D F )T 4 A7 ORGEFT LAREED b a A X2V HE1-36
IS ANE AR D/ SV RBEBIC BN TN A R E HRT 52 L2 A L, 1.5 umiFicdks s
2 G R 2 WA L72[2).

LIRMZ#E L7oE L, JERIER O BRI 25 F K T 50% T

& > oo AWFFETITIEWIN R O FERIE A Fe K 100% D 2 fi
TIHL), vV arEE LR LT /T4 AT A
TEIZ Y B AR—H(EZ~1 ym)Z - L Ca&EI 7 —%Hll  Fig 1. Schematic of Si metasurface
ELTWD, bR AR—HYERIZIHBWNT, /7 4 ZAZ1Z  onmirror structure. The
FHEIND b A ZVRBRT &AL OGP 23 T3 interference between a Toroidal
% Z LI X0 mT S~ OREH A 542 i £ 415 Fabry-Pérot  dipole and its mirror image leads
bound states in the continuum (FP-BICS) 23 %9~ 2% to the formation of FP-BIC.
2@ITIIL ALY | LD A~ I (SYK A7 % o @ e 10
T, 1460 nm (FED E— 2 E b A 4T - ¥r B
IZHRLTWD, ZOWIIEAR—HEE A 800 nm
DEEIFP-BIC L2 VKT 5, —T7, AN—V &
JE73 940 nm, 540 nm TIEERSRE A S22 92 &
T XD, IR 99%LL EITiEL TV B3], X 2(b) - HE <
(Z A= BIEA 940 nm DHE OB AT AT avelenh (m)
SeEE I arBIC R LTEY . SeEmor  Fig 2. (a) Calculated absorptance spectra of
NI T X B, AR CIIERIEMRo 2 =% the structure in Figure 1 as a function of
AT OB OREIRE) BT SV TR & EBr i sPacer thickness  (S).  (b)Electric  field
B ET %, [1] Casalino, M., et al., Laser & Photonics ~ distribution at1467.4 nm (S = 940 nm)
Reviews, Vol. 10, Issue. 6, 895-921, 2016. [2] Hasebe, H., et al., ACS Photonics, Vol. 9, Issue. 10,3302-3309,

NIR light

Spacer thickness S (nm)
700 900

00

2022. [3] Moriasa, K., et al., Journal of Applied Physics, Vol. 133, Issue. 17, 173102, 2023.
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AIARFOoHABBERTRIAINLI 4/ =y ) ERaDRE

Design of a Higher-order Weyl Phononic Crystal
based on a Spiral Stacked Kagome Lattice

RILABERAR !, CO)F !, RE B!
Graduate School of Natural Science and Technology, Okayama Univ. !,
°Yusuke Hata!, Kenji Tsuruta’
E-mail: tsuruta@okayama-u.ac.jp

MR HNT+ 7 =y 7fEEE, PRI L Ca R MREFUREA/EY e 5720,
PEW 2 @RI ARG S 2 B R EORFHIAHTH D LIEH SN TWD [1], FRCTFIC 72> T
SNTo@mR b AR O AEZERE, & DIERRIGCOBEESRIC m SR FRRER BT 5 DT, IR
WA 5 2 & C 3 WOLZERICERBIE DL Z ENFRELE 2D, BAIIINE TICH T A Z TE ST
MICEBESES 28T, BEZElT 20 PF—F2AT5 3 RIE7 4/ = 7 fEshoE - (Eil
ZWELCTERE 21, A, I AKFE2LEARICHEE ST T v YE—REaRTEmRVA
NTF ) =y ZREERORFHIOWTIET 2, MRVANVESRBII ROV A VEE#‘ESL e
DT — 7 REEDTEAET B 720 [3][4], BEDWE DI DA ZIGIFESE D Z LN TE HE WK 2%
HFyszEmTE s,

AKWFZE TRREFT 5 ALK 7O R X % Fig. 1(b) (2T, AATEORKE FIX0E wi - wy DR R THEHN
FINZHEFRE SN TS, I HIZ, +z FHIZITE S % 120° [BliE S 72EOFRIK 1 &, —= FFmicix-120°
AR S B2 EDRIE T L ZNEFNLEARICHESE LTS, BEARDAR Y RBEMNMHDHZET ELICE
S TEIN w DEEELSED LN TE D, MAILZOHRNMEFE2 XA ML T 4V TIETE
TMEL, BUEfT TR X — N KRR E RO (Fig. 1(c)., hFReY—2%57% 2 2OF—R
DJEBEEN I A% L CTENEIUREN L THh 0, SRR TR LIZEEIZB W T U A L EDRHAE L TV D,
ZDHNIKEAF 6x 6 DA—/ =B UJEIE L TR A F— R0 RZERDDH & (Fig. 1(d), kIZE-
Ty VE— ROFENRENLLTND Z ERbD D, 5 Tl Fig. 1(b) O X 9 7t I DV CH

R TOFMERET D,
(a) (b) ()
Hinge mode Ll E
= 8
@ S
g- :

Fig. 1 (a) A schematic of elastic device with waveguide perpendicular to substrate. (b) A unit cell of phononic crystal.
Gray and orange region indicate 2-dimensional Kagome phononic crystal and additional spiral bonds, respectively.
(¢) Energy band diagram of unit cell constructed by tight-binding model. Red dashed lines represent wavenumber
where Weyl points appear. (d) Energy band diagram of 6 x 6 supercell constructed by tight-binding model. Colorbar
indicates how much each eigenstate is localized at the hinges.

BEE - AL O —FBITRH AR BI & R 5 TP21H05020) OHED S L THEME S 117z,

22 3CHR : [1]B. Xie et al., Nature Rev. Phys. 3,520 (2021). [2] Y. Hata et al., 2023 IEEE International Ultrasonics Symposium
(1US), Montreal, QC, Canada, 2023, pp. 1-3. [3] Q. Wei ef al., Nat. Mater. 20, 812-817 (2021). [4] L. Luo et al.,
Nat. Mater: 20, 794-799 (2021).
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TR/ BEEFICEHSHNEAERRNATRROMA
OAM optical waveguides created by loading metal nanostructures
VBT ORI, NTT NPC, NTT #MEREmt OFF/ #E&. &EO MA >, Heidt Peter’. HiT H3',
WE Rt
1Tokyo Tech, 2NTT NPC, NTT BRL, °Ryuji Kuruma', Masato Takiguchi>3,Peter Heidt®, Yuto Moritake!
and Masaya Notomi'-*?

E-mail: kuruma.r.ab@m.titech.ac.jp

WESEIR DU 1 2 A9 5 GimiE . Bl A EE B (OAM) 2 £ B CE S T (IS OB RS 2 F B, i
DOIFREZE T, IEFE T/ WEOREESIE, KA EEHRIEE 7 E~OISHENREL TN D,
SeoFeiRARIL, Fa s T A RN EV A ZAOREVETFPMETH -T2, ik, Fv 7
TNA ASNDIGHD T2, A X —7 = 2L Y o ZFIHRIRIE W28 10um A XDT /34 AN
FHINTWDER, 7370 rh A XOT A ZAIREFEHI N TR, Fox TR, GaN £
FErRZe) ) U A YEEBICAR T ) BT — 2t 3§, B2 BT EELRE LD 2 LT,
OAM % FiDE— REARTE 5 Z L &R LM, A2 OFF 285 I U, SR HIN CF
SRR 7R B RIS CTRIT 21T o 7o, £ ORER, B EREEE TH OAM ZFf2F— R TEK
TEDHZENDLNSTEDOTHET D,

A TIIARBERIEOERT— FHEZHWT, 1RV 7 I 7 a4 XOEFE Si &I
&JBRAUTIL,Cr) U A Y &I S8, OAM ZRio®— REERE LT, (fig1(a) T DfEHR., EHEOEEMf
PEZETHITNICUA YERE L2 & ZICKRE72 OAM RO — K23 L7, S5, 1204
BUAYOME L K& ZIZRERRERSFMEOL ETEB T A YOKE S LALE, K (1250~1550nm) %
Bt L7-fE R, Si B E Cr VA Y DR T figl(b)D X 572 OAM T— ROERICHKL Lz, (I
£ 1460nm, B RN EHTER: 2.71-5.40x 102, f5fEHE 25:-1.01 X 10°[dB/mm])fe\ > C . BRI DI Z 8 L.
TR OREE  Feiifl L 72/ R, fig2 DX 57 OAM NKRE L, BRERERO/NSI WS LT, (K
£:1330nm, A N EHT3:3.14-2.76x 104 A5 & HE 25 :-5.6 7T[dB/mm]) & B 12, &F— N OHMER k5 (Bz) & Bk
R4y (Ex,By) & Ll 4 % & | SRR 2y D OAM A2 kL O B — 7 IREL & MBI D & — 27 IREL A Mkl 1
PR bbb TET,

ZOMEIX, YTHRERD T ) UAYHOEKE— FZOLONHLEAESELFHFOL kb
b, PERD OAM T34 AL O YA AL TE, BAZICH bR T 5, EE T, B
M & ot Tk, OAM ZRf- 7245 — RORHRAZRRN T 25 & & HIZ. OAM A& DBz SV
THAkn 5, AL, B2 8B4 (20H05641,24K01377, JP24H02232) DB FiziThbii-,

(a)

[ Metal wire |

X

01 /|l|=2 o:. /“l:l
O'?U'.!'?‘Ef.'.;.f'T%?'t'z[o 0916'...;". 5.'.'5'"”13
azimuthal number (1) azimuthal number(1)
fig.1(a)Simple figure fig.2 (a)Electric field(Ez)  (b) Electric field(Ex)
(b)Electric field(|E|) (c) OAM spectrum(Ez) (d) OAM spectrum(Ex)

[1]Yu, N et al.,Science334,333-337(2011).[2] Cai, X et al.,Science338,363-366(2012). [3]Takiguchi, ACS
Photonics 2024, 11, 2, 789-794.[4] Kuruma, R.J&E#7 23a-11E-1~9 (2024)
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A9 F)DLEH—Ry FEBMELT
MBI+ b=y I ERT/ £RBOAER
Fabrication of H1-type photonic crystal nanocavities based on yttrium iron garnet
BEEI L RXEmH:OM) ALK, eHEHL LR BLE RRLE5F B2, XA RK!
Keio Univ., Japan !, RCAST, the Univ. of Tokyo, Japan 2,
°Kota Taniguchi?, Tatsuya Kitai', Takeru Yambe?, Gao Siyuan?', Satoshi Iwamoto?, Yasutomo Ota!

E-mail: kota-t10@Kkeio.jp

BUDIE A B Y TAgH—F  MYIG)RESSRIL, HiR - EBIEREHICBIT 3Rk bELE
BREICFMEIO—2>TH DM, YIG Z /b & Uiz Co RIFMEZ BT D HLE 7 + b= v 7 il
F JE4E% (PCNs) ZIBM L. 20 " EHERE— FEEAT5 2 & THE —F 2 L—x @74
EOFL T 7 WeFETNEBTE L EMESR D, Lo, YIGIZEEMTHETHY PCN 72 EDE
7 IR RS D (RS THEL W 2 LSBT B, BEE A 1, S0, RICHEfi L 725
#lh YIG FBHAT L CHANN T471 LS 1 YIGPON 50> | @) | C)C)(D Or
MRS Lt L7, ATl T Je R S48, 2570148 (:)Cé§)(3§2;
J530% 8\ L 7= HL A PCNs OFERUZ AT L 7= O THET 5, O @ )

GER AT TR L7 S AR iR, A ){)49 C%C}(:

TR RMERETDHD A FHIL7+ b=y I Ema s L O OC
- o@o Qo |

72 HL B PCNs T %, Cov RIFRME A IREF L 7278 & K E 5312

B U228 FLOD 08 LB D fcdifb 21T o T2, 3 IRTTA IRAES) I
IREURE 2 FH O T BUE AT OFE R JEIT neivie=2.37, 11 /E
¥ a=598 nm, ZZFL 4% r0=0.29a, A 7 7 JZ t=300 nm, s;=0.21a,
ri=0.23a, s,=0.05a, M & &, K 1550 nm DOMHEF-E— N T
Q=2.3X10% E£— RIKFE V=0.87(2P NS NT-, KT, 44F

2V E ICEETE U7 SiOs FICTERL L 7= Bidsdh YIG T8I %f Fig.1 (a) Cavity design and parameters.

The arrows indicate the directions of the

RN

L CH Vi - - N2 VN EREL shifts. (b) Scanning electron microscope
BRI Y 77 74— ¥oAmyF Y720 Bt image of the YIG based H1-type PCNs.

7~ 4t

CREEEOIER AT o7, D%, 7vBaHW-rv =y by F 7L 5T SiO2 J8 % bk

EL, =77V v URIPCN ZERL L 7=, 1ERL U 72 R 2R 0 A PSS 2 X 1(b)IoRd, =
AT T + b= 7 ks (B EH 590 nm, FFLIEAEE 282 nm) & L L7- H1 AR SR
B TETWD, £, ZEROLH MR TE 2, FEIIOLEERERICBOTHE Q it
R ZRT EWRF SN D, Z DM O FEERFEROFEM I F R ORFE R ONTEY HRET 5,
BEZ3CHR [1] K. Srinivasan et al., Opt. Mater. Express, 12, 697 (2022). [2] Z. Wang et al., Opt. Lett, 30, 15 (2005).
[3] D. O. Ignatyeva et al., Nat. Commun., 11, 5487 (2020). [4] & A4k, KARAM, & 71 BSAHHEPSES
FHTGHBES 24p-11F-12 (2024). Bl EHUICH ). BYSTHWZAHECK, KRB IRK, AT 7RI RH
T 5, AWFFED—ERIL JIST FOREST (JPMJFR213F), JST CREST (JPMJCR19T1), EHifF£#(22H00298, 22H01994,
22K18989), HAHRAN 1M, MIABFHAT IR BV O 3288 O T 2T Sz,
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Ay R)DLEEA—FY MZESL
BAIXFIMI/OT 4 R ERFBOEH &
Fabrication and characterization of magneto-optical microdisk resonators
based on yttrium iron garnet
BREET ! EXE&mBF?2CLR &' d4H Zth', &0 24X, & BE
SHE' Bl E' A B BE EFH' AKX B, XH RK'

Keio Univ., Japan !, RCAST, the Univ. of Tokyo, Japan 2,
°Takeru Yambe!, Tatsuya Kitai!, Kota Taniguchi', Siyuan Gao', Riku Imamura!, Hajime Kumazaki!,

Shun Fujii', Takasumi Tanabe!, Satoshi Iwamoto?, Yasutomo Ota'

E-mail: yantake-pen2@keio.jp, ota@appi.keio.ac.jp

EE®IZ A MY AT —x v MYIG) R HfEMmIL=R - BEHERFIZBWTEWIEIME L
YR & RO F(MOVIR 2 R I 72 e e MBI T o 5. 21V E T YIG 2 W= fuhEoe 3
#R#RIR> Fabry-Pérot ADEIARERPIER 41 MO 2D R KA S C&E 7z, Lol i 13 mm
A= THA ZBRRENEWI BN D 5. BEITEITREIN NSV GGG HE:th L TER— S
TW5 EE QEILITIEE > T\, ARIFE ~ 1X, Si0: BT YIG Bk AR L. 2 Ei
HNT 4228 TE QIE YIG A 7 0F 4 A7 YRR OERUC R Th LD TG 5.
EBRERYIG ~ A 7 0T 4 A7 EEROER T 0¥ 242X 1(a)IRd. PR X ) =
VEMRE YIG BRI 2 IR T 7 A~ BAREEES IS & - TRlE Lz, £ 0O%ER O R4 H
N T BT BE & LSRR BRI K > T YIG B % 300 nm F2/E £ CHP L L. RICETHRY V7
T4 =L RIA Ty F U TUCLS5TYIG ZML L. 5IC HF W Z{TV Ty Vs & H
L L= YIG ~A 7 aT 4 A7 HIRWEZER L=, M THO SEM B 5K 1(b)IZRT, T4 A7
DELRITA 104 pm, RIBEMA 133 L& 70772 - 72, {E#LFE 712X L Dimpled tapered fiber % FHV 7=
FBRRREI L G 24T > 72 & 2 AR (ORI HRIHREE — 27 28l L=, S5 -ilE
N5 QfEIF2.1 x 104L AL bz, TOMFEMIIY BmET 5.

(a) 1. Wafer bonding 2. Mechanical polishing 3. Dry etching
Plasma YIG

1333133

activation 300
S0 " = | Jram=y
i

4. EB lithography 5. Dry etching 6. Resist Removal 7. Wet process with HF
Etching mask 33313 /Surface treatment HE
— ]

HF
:1’[—] ~ e

11 15312 15313 15314 15315
Wavelength (nm)

Fig.1 (a) Fabrication process ofa YIG microdisk resonator. (b) SEM image ofa fabricated YIG microdisk. (¢) Measured
cavity resonance peak exhibiting Q =~ 2.1 X 10*.

2% UMK [1] K. Srinivasan et al., Opt. Mater. Express, 12, 697 (2022). [2]X. Zhang et al., Phys. Rev. Lett., 117, 123605 (2016). [3] H. Qin
et al., Nat. Commun., 12, 2293 (2021). [4] AL FH:Ath, Jis FHEF 2K, [22a-A401-1] BREE EEBRICH 7). SIS AW AEECK, K
FREK, MIEFBRKIZEST D, AHFZEO—E L JIST FOREST (JPMJFR213F), JST CREST (JPMJCR19T1), FHHF2(22H00298,
22H01994, 22K 18989), H AMAY TR, 4Bl BT R B [ 0 X8O FEIT S iz,
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Optical Rectenna Based on a Hollow Resonator for Mid-Infrared Energy Harvesting
HALABET, OLiuZhen, F#hE. HEKIE, HLE
Tohoku Univ., °Zhen Liu, Yuji Oka, Makoto Shimizu, Hiroo Yugami

E-mail: liu.zhen.a3@tohoku.ac.jp

Rectenna devices, short for rectifying antennas,
incorporate an antenna-coupled rectifying diode
that absorbs incident light and directly converts it
current (DC) by

electromagnetic waves at optical frequencies.

into  direct rectifying
Their broad wavelength adaptability makes them
promise for efficient energy conversion in solar
energy, waste-heat utilization, and industry thermal
radiation. Recently, optical rectennas have been
studied  to

photoelectric conversion for solar and thermal

extensively achieve  effective
radiation to design the practical devices. The
metal-insulator-metal (MIM) diode which based on
the quantum tunneling transport mechanism of
electron is a strong candidate to realize such high
frequency rectification.

Several strategies are studied to harvest the light
energy using the designed optical antenna coupled
with MIM diodes. For instance, a bow-tie antenna
was proposed to form the plasmonic nanogap
which coupled with the MIM diode for middle
infrared radiation rectification ['l. A stripe antenna
coupled with the longitudinal optical phonon mode
was studied to overcome the challenge that precise
alignment during the fabrication which enable to
form a highly reliable tunnel layer [2l. However,
these designs require the unique intrinsic
properties of materials or fabrication technique.
resulting in limitation of operation wavelength.
Our group reported an optical rectenna device
design based on a hollow resonator which coupled
with a layered MIM tunnel diode Bl. This device
demonstrated the controllability of photoelectric
conversion within the visible optical range. Due to
the flexible adaptability of the hollow resonator to
various wavelengths, it provides a strategy for
energy harvesting for middle infrared (MIR)

radiation from low-temperature thermal sources.

In this study, an optical rectenna with a depth of
several micrometers hollow resonators was studied.
The heavily doped silicon with high reflectivity
in MIR was used for forming deep depth easily and
couple with MIM diodes to enable energy
harvesting in infrared thermal radiation. The
microscopy images of the proposed optical
rectenna and SEM images of hollow resonator are
shown in Fig. 1(a) and (b). The continuous wave
quantum cascade laser (QCL) with wavelength
6.13 um was used to evaluate the power generation
property. The short-circuit current and open-circuit
voltage were measured using a source measuring
unit, and the results of the fabricated rectenna with
slit hollow resonators are shown in Fig. 1(c). A
clear power generation characteristic with a
short-circuit current of Isc=4.8 A/m? and an
open-circuit voltage of Voc=3.7 uV was observed
which

demonstrated the effectiveness of the hollow

under 6.13 pum light illumination,

resonators to realize the energy harvesting from
MIR light.

(c)

lllum.  Dark
0 200 400

B = 0 = now s m kW kA e -
g T ————

Short circuit current (A/m2) Open circuit voltage (pV)

Time (s)
Fig. 1. (a),(b) The structural features of proposed
optical rectenna. (b) Power generation test with
QCL at 6.13 um.

References [1] F. Yasilkoy et al., Microelectron.
Eng., 98 (2012).  [2] P. S. Davids et al., Science.,
367 (2020). [3] D. Matsuura et al., Appl. Phys.
Express, 15 (2022).
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Evaluation of Thermophysical Properties of Micro Pillars and Holes

by Laser Heterodyne Photothermal Displacement Method

BRI, WA, OB FEL FE BF, FH 2 R B, B\ Bz
Univ. of Miyazaki !, NIMS 2, Takahiro Iwakiri!, Tomoki Harada', Satoshi Ishii?,

Tetsuo Ikari!, Atsuhiko Fukuyama!

E-mail: hk19006@student.miyazaki-u.ac.jp

1. IICWIC

BV R D = ORI E 2 R D 2
L. KEGBZRE 7R PCR MAIC K E <
Bk 5, BRI X D IRE LRI omE
DI & BMRER|KAFT D, ZRETO
BIFFE TIOR3 2 F O Ot & B RIRIRIN
%2 EMNEE ST, B3 % )
DHITIT NS VWEMRER ARG T L 2 L b E
BTh D, AT, SRR & BRE R %
[FIRFIZ I U 9 2 pokifias 2 /R LU, ST
0 KA HEEEL(LH-PD) LR 2 T2 O
ERNEERNZ G- 2 DB %A O MNNCT D,
2. FBFEEM & EBROGIE

ARFFETIE S FAR B~ A 7 v A— FvA
— & —® 7 (hole array: LL T, hole)X°H¥E (pillar
array: LA T, pillar) & FF OO E 2 | B0
SEELSHTER L7, ZOBREZK 1 OFf
ABNZRT, AR, A 1.0 pm, &S 28
3.6 pm®O B O EWME A M L 72,

LH-PD i1, BhECREHZ L>THETZF
¥ U 7 OIERNFHMAIC L D REFR T O
RN Z~T v F A o FECHIET 5 FiE
Td D, AFIETITRNE & 1 Do RS E
ZERNCERE TE Do, Bt D mNE L %
P C& 5, $IZ LH-PD 7% CIZBMZIRZN O
REMZ(LZJIERTRE CTH V AT HRAEICEEN
D IR AR BEBR D Z LN TE
%, LYt % pillar <° hole O HULMZ, FRHEIX

[EhiEESE ON [h#ESE OFF

10} —_hole
—pillar
—Si

¥
g

P R |

05}

Surface displacement (nm)

L

P
0.0 0.5 1.0 15 2.0

Time (ms)
Fig. 1 Time variation of the surface displacement
for hole, pillar and Si.

ZIH DB S U fE O3 AU H S Si
FENUNCHU U7z, JIEISEIR CTITo 72,
3. EBRRERLEBR

Fig.1 {Z hole & pillar & Si FEM D2 B D
M2 bz RT, Si IV pillar <> hole DF
D, B EORKMEARENT 005 hole X
pillar (2 XV HEBUCEWS DNRNENT &
BbMnd, Fi2. hole LV b pillar D7 HZENL
BORKMIT/ NS o7z, 21U hole £V
pillar O N FENIBMRER D/ NI W2, T
D Si FABIMEAS UL K Ze ol b BEZ D
N5, &5I2, pillar = hole D & 22 L & &
TEBRTIX, mIB 2451 d L, Bk
DERREPKILISERELS RDER L T2,
UL, FEDIEE E pillar X° hole T Y EL
BHNENEL 2otz LB 2 b, 5% E RN
IR 1T 9 o
[17 S. Ishii et al., Applied Materials Today. 32, 101824

(2023).[2] T. Harada et al., J. Appl. Phys. 131,195701
(2022).
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BT R BB LY EE LI AB LR T O RS
Performance of Thermoelectric Device loaded with Ag Nanoparticle Electrode
RRBETIR, ‘(M)SERM, ARER
Tokyo Univ. of Agri. Technol. (TUAT), (M2)°Hidezumi Tamehiro, Wakana Kubo
E-mail: w-kubo@cc.tuat.ac.jp

BUEEBUIAER T LOREARZEENCERT 28—y 7RIS 2o, &
%L@«mrﬁﬁaz}wé&?éi@ IRENERIFEREE T CIIRE L2V, JHUSH LIkx i, BuiEs 20k
g% A %<7V 7T )L (Metamaterial Absorber: MA)% U C, 1Eﬂ€®?ﬂfﬁ£?ﬁ7ﬁ7r7ﬁ§%ﬁfﬁf ERAA
B)— 72 BRI BRBEIC B W T O EERET H A Z ~v T U 7VEVELEHZ RS, 8Lz Pl i
THRANIAZ~T VT IVEEEBOFEMBRIEDO =2, BIREY A XEek— LIz AX~T VTV
HEZHWTE D, AR TFEZERETHICHZ-> T LY Bl A 2 ~7 U 7 iEE O AN
HE LW, £ ZTARNRILT =— WEIZ L > TER LT T /R 1 (Ag NP) &2 4 5 542 E
ofz. 7 =—/WETIER L7z AgNPs [ZRIHDGRHI T T XE RN Z £ 41T, AgNPs D
7 AE AR & — 8T 5 638nm O L — YA BT LI BEOBVERME 2 FHIE T2 Z & T, B
EREIC 5 AgNPs OB R A2 #imd 5 Z LT L.

SHEEMR IC7 bV T I (CaFy) & Ag EIRAZ ZH 3 10 nm R L7z, &Ry F 7' L— MZ
X0 400°C, 5 MIMEAL, AgNPs EMizER L7, /ER L7 AgNPs Efiz B A~ AT o FE
T VIV (BiosSbyTes) BVEEZAHAR O AT EERE L7- (Fig.1(a)). fFRLL7- Ag NP &EMROWI L —

713 666 nm T, WU 73.7% CTdh - 7= (Fig.1(b)). ifdﬂr ZITERFEAR B CaF, 2 10 nm
DI LTz el s A ERL L, 2835 L7z, 72360 R 666 nm (Z351F 5 EL B DRI RIE 19% T
Holm. WFE 638nm, TR 0.12 W/mm? O HAA O & BRI HE%# L 7= BRIZAS 7= )18 % Fig.1 ()i
N9, Ag NPs B, 72 13 LB e IR Lt[%@ﬂjjjﬁﬁ IXENEN37.5uV & 21.7uV T,
AgNPs BRI I EM LV 1.7 EEWHTEEZ 7R LIz, ZORRIE, AgNPs D77 XE Uil

WZRVAECTET T eV RPN BVEZ R il ailk U, BNEEHFEN M E L2 & &R
ﬂ“ HELRH T2k 5 Ag NPs 77 XE VI K o TEVESRFEDN ERFIRETH S Z & &

st L7z,
(a) (b) (c)
100 Ag NP Electrode  Reference Electrode
Ag NP Electrode 40
AgNP Electrode ’\CT 80 ’;
AgNPs —00 ¢ O < =30
CaF,10 nm 8 60 g
& 40 & 20
) Ko} o
Cu 300 um S >
@ 20 510
Reference Electrode Qo
< 5
0 3 o ON ON
400 500 600 700 800 0 400 800 1200
Wavelength (nm) Time (s)

Fig. 1 (a) Schematic of thermoelectric device loaded with the Ag NPs electrode and an enlarged cross-
sectional image of the Ag NP electrode. (b) Measured absorption spectra of the Ag NPs (red) and control
(black) electrodes. (c) Time dependence of the output voltages generated on the thermoelectric device
with/without Ag NP electrode.

[1] S. Katsumata, T. Tanaka, and W. Kubo, Optics Express, 29, 16396 (2021).

[2] N. Kawamura, T. Tanaka, and W. Kubo, ACS Photonics, 11. 1331 (2024).

[3] R. Nakayama, S. Saito, T. Tanaka, and W. Kubo, Nanophotonics, 13, 1361 (2024).

HEF BiosSbisTes FT % TRtV & F Le () BEREATICE#FL LT xS
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MERAFEELIZHET5 BIC E— FRAO—54 FERBORKRE I
Investigation of BIC slow light waveguides on a magneto-optical thin film II
BEET ', BIXK? EXERS’

M)BFEX ', AHEHE |, EHBIE2 EFE°, KRR’

'Keio Univ., 2Tokyo Tech., SRCAST, the Univ. of Tokyo,
°Y. Tanimura!, Y. Ishii', T. UemuraZ, S. Iwamoto®, and Y. Ota!

E-mail: y.t.tanimura@Xkeio.jp, ota@appi.keio.ac.jp

EUOIZ A v MU UL —3 v MYIG)RHEAERIL, Yol E R T 2B oE IR
FMECH D, LinL, ZORMERMAMTIIHL T/ 74 b= 2~DIGAIZ 2 E TR
ERTH Tz, T, FUSENMTHMETH =47 WY F U LOMEK FIZETHRL VA M
X 2 Mi#AE S & 47 L, BIC(Bound states In the Continuum)IRFEZ TEH L 72K L7 TM £ — Rt
R REAME SN[1], Lol FEEZE R E L L0 @E RS I Re S C 2 2o
7= BT~ 1%, YIG i EIZEA L7 BIC & — FEEKICEBIHALICESS 1R 7+ b=
I fima BN LT EEEZRET L, An—F 4 MREEARICKLER N F¥ v » 7 (Af = 0.88 THz)
DD EE R LR, —FH. v v 7 IHFHEOMLIRIEKRIT8 dB/cmiEfE & K& oz, &
B, K VAREKZ BIC Ar—F A MEERMESEZERNGHEICE Y R Lo TciiET 2,

R HMEMEEE Fig 1(@IZRT, SiOy RIZERE Sz YIG #HiE (BJF300 nm) O EICR5LHE
BRI NIZEAIL VA SRR EN TN D, RILEEROKFEH % a = 0.45 pm, RIEZAw &
L. VYR Migw = 1.62 pm O S FEAEE 2 56F U C X s I0 2 A E T 21T > 72 Aw/w

- NN s o ¢ b
LEREAR DAY KRy @ ®) 100 —
= ! 5 10 - ® + Dielectric band modes
K& SAOBGEEZNENFE  §ism| 2 S [P v
- = S = o
W2 K o TRk 7= (Fig. 1(b), (). a et }:/ » % -
Aw/w = 04512 BT/ X 7t ) W= l_ﬁz’iumv n,_:_"j'o_om ! |
0 015 03 045
H50.45dB/ecm & RE 723 RF ()28 @ el
\ S <Dielectric band mode>
¥ v TAf =22 THz M3 BTz, ;15 = —=
ZOLE TETMZROMHI L 5 4 =
WIS LA 28 KL B L (Fig. Ef . | 22?2$j
1(d)). BIC JREEDTER D HERE T & ¢ B /W°-3 545 e

Do Au—T A MFHCCHERE Y Figure.l (a) Schematic of the investigated BIC slow light

NN e L Sy waveguide. (b) Computed propagation losses and (c¢) bandgaps
SRR OB & FHRIRO as a function of Aw/w. (d) Field profiles of the guided modes

PRI OV TR BT 5, designed with Aw/w = 0.45.

ZE R [1]Z. Yu et al., Optica 6, 1342 (2019). [2] £FHih, JEMFKTRG#THZS, 23p-A309-8 (2023).

BEE ZBISTHW AL R/ NER R IR D, ANFFEIE ST AIFERIBFIE S EEF3E JPMIFR213F
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MEBIREEEZH I SR
2RI+ b=y O BRL—TFOERLEEREGRE
Fabrication and room-temperature continuous-wave lasing of circular defect in
two-dimensional photonic crystal laser with convex edge structure
BRRBET, & ok, R ikt THk &A, E BB /\K %,
FEE EA, RBH B, AWE =i Ak EE
Osaka Univ., °Rubing Zuo, Yuki Adachi, Yuto Kudo, Hangiao Ye, Tetsuya Yagi,
Masato Morifuji, Hirotake Kajii, Akihiro Maruta and Masahiko Kondow
E-mail: zuo@e3.eei.eng.osaka-u.ac.jp

[F] 7y 7HONBEEERT 27012, TxIIMERMEZATL2EREAR 2 Koo 7 + b= ZfEf (CirD)
V=P afE R L, MEE B ZTT> TV D[1], B FEEE (OLW) 1% 20 nm O#iEZ R H, 7 A h—72
FHODLRVERELEBENATRETH D, LL, REABR L CHEDCARIET 5 & BEBRAMEIC K - TS
HBENENT D, I 2 b—a 80 BAMEICRRERREZRET D2 & T, ZOEELYR T,
Z V@GR BN D AR SNT2[2), AR TIE, Z ORMEDIEREAN & B - Mz U, FERRICEE
EER UCEREER T o 7o, FORER, T O 72 iRk L — PR IR 110 TR L 7=,
[EBRAELHER] GaAs =% 7 MNE, InAs QD JE4 &ir GaAs = 7 8., =7 J@%&4kdr LT AlGaAs 7 7 v RIgd
JESE, ZHZ4 180 nm, 220 nm, 550 nm Tb %, FRFIHITLL T RT, OE# (EB) VY777 4 —%H
WT, HER BT+ F =y 7Ny = ERE AN — B L, Iy F oI R o TS —r %
TyF U Ui, ZAKTORTER, 2R, M OAE, BB — b OYRITEI TR RIC X - T
DTN 25 L 72[2], @H20/N2 785, 395 °CC 45 /3], AlGaAs & AlGaOx (ZEE{L L 7=, OrFh Lt
EHEDa 2 7 NEEBRET 272012 BRI CTH LR 10 um OFER Y —> OENEB Y YV /T 7 4 —
L RIAZyF U T ETole, @BHF Uz y by F 7LD, WREGHAEEFT O AlGaAs/AlGaOx 7 7 » K
J@xBREL. Air 7 7> REZEA LT, OIS BIAES DR/ N2 — W TRUBH A BEEH L7z, BEBRTR R0k
O L SEM 4% K 117 T, T OTFIETYERL U230k 0 H 138 BIALEIC & 5 80 22\, 785 nm O L—H %
R 7 LTRFNEEIT o1, MU —E AT T —DBFRERK 21273, BE/ X7 —1250 uyW TH Y |
B OB 2 FF O L — Y v 7 LT ikB O DAL AE BRIV [3], AJI/3T —210 pW DALY ML %K 31w
T, B R ECEERIZ T T 12961 nm, 0.09 nm TH Y, CirD L—H & LTRLRETH D, Zh bk

RiE, LV EOHAEZGL - OOmMEROL R R E, SROMEICHMT DD EEZEZXTND,
[Z#3CHR] [1] V. Xiong, et al., Photonics, 6, 54 (2019)

[2] Y. Adachi, et al., physica status solidi (a), 2300579 (2024)

[3] Y. Adachi, et al., IEICE Electronics Express, 20, 20230054 (2023)

Input power 210 pW

Air cladding

Ak = 0.09 nm

L)

Output power (a.u.)
Output power (a.u.)

Convex edge .
L
L

{
150 1295 1297

54800 15 OkV x5.00k SE(M) 2024/02/09 ljlgpul powcr]:[:)W) Wavcll‘lr?&h(nmj
Fig. 1 Top-view SEM image of Fig. 2 Relationship between input ~ Fig. 3 Spectrum of the sample. Input
fabricated sample power and output power power is 210 pW.
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74 b=y VR LU—F—DR T ARABEDESE

Demonstration of injection locking of photonic-crystal lasers

HERREI, ®id KBTI CHLEH FAFETFE 2 TEER, RIKET', De Zoysa Menaka', EFH '

Kyoto Univ.!, Tohoku Univ.2, °T. Inoue!, R. Morita’2, M. Yoshida!, K. Ishizaki!, M. De Zoysal, S. Noda!
E-mail: t_inoue@qoe.kuee kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

[F] Fxix, 74 b=y 7L —¥—(PCSEL)DEH 7] « @b O EBRICHIT T, HiK T
74 b=y Il VO REREOEL - b2 ED TREY . ZhETIC, BREHE (=Z3mm
Q) H—F— NREIRZ RIS 5720 ORGHEH O & & $122.3mm®PCSEL % EEIZ/ERL L |
1IGW/em?/st &N 9 KA L —HF—1T b VLT 2 S GBI E IS S LT\ 2 3, E£72, milEl, #
#0 PCSEL @@k —L v MEGEWEOEBLZ AT T, PCSEL I[ZAMBIEATEA Lo BRI S
FEMT 24TV, HEED 171000 FREE DS T — O SEE NI K D HFEIIEME N ZB B TH L Z & &
WLz, Al EBRWICEH, SEEARBIEIEOIZFEC KD LIzO TRt 5,

[EER#ER] PCSEL ONiEARMIC AW L% % Fig. (27, B 1mm OH—F— F _H
¥ PCSEL (JHRI R Ape) 12X LT, mEE SN O Ut E b ORI L—3F—) (A4
W ine AFHERER 1mm, AF/ T —Py~05mW) &3 — R¥E LCTAS L, £72, PCSEL ®
5% Fabry-Perot Jefik4s (FSR10 GHz, #E/REE A1=0.2 pm) IZHEH S, TOFZEE R %
ERT D Z & T PCSEL DFEIRANY M D@ 3 fRINE 21T > 72, £3 . PCSEL O /)% Pou=0.33
W IZERE L, AFHEEZK 1 pm %A TR S EZEBICE LN RBIEAXY ML % Fig. 1(bIIR
o AFHEENHLIREED O+ 2B T 256 [TEBD S X (VNITIE, EAERRE S EEICE
KT 56T OEEZEERNT, MR OEIRER TOMS L2 BIRB R oD, —FH, AR
ENRERISGESWEGE [FRIDB L OAV)IZE, AFEARIEE— NEHAEFERTL LD
2720 AT MVICEBOREE — 7 BNENT, S5Ic, AR &SRR O35 1pm DL
TIZ72 D E[FEIRAID]. AF IS LR CTO¥E—5— FRIENE O, VT, LitdHE
B2 BT, PCSEL D)% Pou=0.62 W IZHIIN S/, NF U A RF 45 7 % % T PCSEL
DL v — RHDO~T a4 TR dops M) ZHlE L7, GO THEE, A
FEATORWIGEORER LA HE T Fig. 10IZRT, KA AR LRWES (K#) (X, PCSEL @
HENEFECNEIRIRE OREMA 7258 5 Z IR LT, B — MNEWEIZ H =10 MHz F2EE O LB 234 U
eIz L, JEASRE (DRFY) 121%. PCSEL ORI K & AGTHEEN—H L, —EOMMZETT
WRELTTWDZ bbb, XY HRET 5,

(5] AWFIE O —ERI3RFE (24H00430,22H04915) 3 X OVBRIDGE @ %, & Tirbi /-, [3CHR]
1) Yoshida et al., Nat. Mater. 18, 121 (2019). 2) Inoue et al., Nat. Commun. 13, 3262 (2022). 3) Yoshida et
al., Nature 618, 727 (2023). 4) - _I-fth, 2024 4EEZRIEY) 23a-11E-8.

W

(@) o (b) Resonant Incident
Polarization controller wavelength (A,) wavelength (A,) (c)
Single-mode fiber 9.3 i T ~ ' ' '
} (0] ” d = a1 /W/O injection locking -
Wavelength- Polarizer - 3 }:
tunable laser € (D] v =R
A=) /" scanni = 52
in canning o % g
P,=0.5mW Fabry-Perot cavity T 0 (1 ﬂ 0g 0
(FSR:10GHz, AA=0.2 pm) < >5
~< hely=t Loy
s
(v) v g
£ha
v A o w/ injection locking |
5 in a
1mm® PCSEL  Beam Splitter " -9.3 v L 0 16 2(‘) 3(‘) 20
(A=Apc Poy) (R=10%, T=90%) DI -10 0 10 -10 0 10 )
' Wavelength (pm) Wavelength (pm) Time (us)

Fig. 1. (a) Experimental setup for injection locking of PCSELs. (b) Measured lasing spectra when Aix—pc is
varied. (c¢) Heterodyne beat note signals between the PCSEL and seed laser with and without injection locking.
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INPRI7+ b=V IBRL—YF—OXEINDXr—3 EV) T 1 ORE
Investigation of power scalability in InP-based photonic-crystal surface-emitting lasers
EREI EKRBRI? ik k@12 BFAX @F12 fH BE L2 B 4L MNER HL
RE #EL B B KF L FHk shE 12 R EE L2 /K EiEd R 8581
EHH BR2 #HLE gth2 A—FHTFVAY2 i BT 2 HFH £?2
Sumitomo Electric Industries?, Kyoto Univ.2, °Y. Itoh:?, T. Aoki-?, K. Fujii®2, R. Tanaka!, M. Ogasawara®,

Y. Sawada?, K. Machinaga?, S. Kimura?, H. Yoshinaga® 2, N. Fujiwara-2, H. Yagi*, M. Yanagisawa!,

M. Yoshida?, T. Inoue?, M. D. Zoysa?, K. Ishizaki? and S. Noda?

E-mail: itoh-yuhki@sei.co.jp, snoda@kuee.kyoto-u.ac.jp
[iIZFLoic] 7+ b= /7,%*.% L—H#— (PCSEL) (%, {EMEEIEFICER T 2 koo 7+ h=v 7
ftigm (PC) OFFELE (TR) 2B 5 2 WocHRIEAZFIH Lizm#E e o B8k L —3F—CTdh
D, RBERIZ, mH ) - I_JE- LB 7 U— P RBIEN AR TH DM, Fx X, T OFREETED
L7clBER RO 7RG E LT, InP #BH%R D PCSEL Z st L T\ 5B, ZivE Tl
1.3~15um # D InP % PCSEL (23T, “Hi&F PC L &J& I 7 —EMOEHIT LV =R CW B
iz HmE T (>330 mW) o H—F— REIEZ FZRE L TE 7R3, 4[a], PCSEL ORFHEDO O

LOTHHHAID A —F B YT 4125V T, 1.5 um 47 InP 5% PCSEL THiat L7,

[#%3E & RE] Fex D PCSEL 1Z, RIA =y F U7XV PC 2R LIZRIC, £ O EEICiEE
JEEHEETHZ LT IHEE~OZyF U T HE A=k EHEL TS, £72, 100 nm L F D InP

AR—H—fE% PC LICHAE L, ZEFLR S ZHERr LR TR ZIT ) 2 L Ic X mT A

7 MEEEB)DIRWZEFLAVEME BT FICTERL T & 5, £ ORER, 1EMEE & PCEANOILH CiAD & &
OHIENREE T2 o> T\ D, PCITITFEMIM O ZH& 7 PC 28 H L. BE S M OF AR E &
WwoHEEBIZ, Hj%ﬁ W3t LR R ~BU S otz N ~R T 7200k I 7 —Eim%
HALTNWD, p FEARELAE(L) 100 ~ 300 um DT /31 AEAER UT=, DR D/ KD
CF#/E#%T@%%% F%%T)&%D [f U/ RIZBT D EKE— REIROMGI O, &7 34 2 A

RIZHkF LT, PC # & feiifb L, ﬁ‘érﬁ“\{—ﬁj;f(é:ﬁﬁz%ﬂ—ﬁiﬁ% FHHEE L7, 1E#L L 7= PCSEL @ 25°C,
CW BRENRF O EEIE- Y6 M 1R % Fig. 112, 7 73 AFES) & L2 VMEER (ln) KA TT (Pmax)
DOER%E Fig. 2 1277, TXRTOTNAA A A ZTHREP GO, 7354 AEMEICH LT, LE
VMEEEDE & B K ) D3RR L BN Lto L =300 um & L &V MEER T 490 mA, St H 7713 511 mw
Thotz, F7=, Fig. 1 OXHFITRT L D12, 058D/ e M e — %283 L= (L =300 um),
KT IS ADFKIHTIBEO NIRRT R V% Fig. 3 IR T, TXTOT A A TREM IR HE—F—
RABIRENFHITE Y, 60dB UL EDOEWEITE— RMELR AN L7z,

(3] ABF7e0—1E. NERFSIP 71 25 A - BRIDGE 71 75 &, FHFE(22H04915) D H #2521 T -,
[Z%& k] [1] S. Noda et al., Adv. Opt. Photonics 15 (2023) 977. [2] Y. Itoh et al., Optics Express 32 (2024) 12520.

[3] T. Aoki et al., Appl. Phys. Express 17 (2024) 042004.

L (um)
700 600 AP o 400
< T 11 [ _ CW@25°C
600 CW at 25°C % ® = SMSR I L (um)

s L (um) < 400 Q0L 7508y ‘hoo
£ 500 300 Ero0, @ g .
= CW at 25°C S0l 71 dBI
5 400~ ‘ ‘ ‘ 2 it 1
g 600 g
2 300}~ 2
o 150 CW at 25°C g100 - 65 dBI 150
c )
< 200} =300 ym < 400 2
2 £ ks
~ 100" ' 200 2 °" caam]

J = il = 63 100

0 ‘ ‘ ol® 1 1 -100 0 ‘ ‘
0 1000 2000 3000 0O 2 4 6 8 1540 1550 1560
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Fig. 1. Light output — current characteristics Fig. 2. Dependences of lth and Pmax Fig. 3. Lasing spectra under
under CW condition at 25°C with far-field on device area (S) at 25°C CW conditions at 25°C.

pattern for L =300 um.

© 2024%F [CRAYEER 100000000-105 CS.5



18a-A34-4

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

First emission of active nano-pixel waveguide
using InGaAsP-MQW membrane
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1. Introduction — | 1477 (a) (b)
Direct modulation laser diode is one of the promising ; /\j\'j\"‘\‘ 1492
devices for data communication [1, 2]. One possible 5
scheme for Thps class modulation is to utilize photon- g
photon resonance (PPR) [3, 4]. We have proposed and § 1465 © @
demonstrated plural PPRs might lead to higher g
modulation frequency [5]; however, a restricting factor © . . .
1400 1500 1600 1400 1500 1600

toward Tbps modulation is the cavity length because
photon round-trip time limits the maximum modulation
speeds. In this work, we carried fundamental research on
active nano-pixel waveguide using InGaAsP-MQW
membrane structure. Optically pumped active nano-pixel
waveguide exhibits spontaneous light emission with
Fabry-Per& resonance of 40 nm, 36 nm, and 31 nm
spacing respectively that corresponds to the cavity length
of approximately 20 pm, 24 pm, and 26 pm, respectively
which implies plural interference paths whereas securing
a few ten pm total cavity length.

R R

Rs=3 pm @ (b)

Fig. 1 Active nano-pixel waveguide. (a) Schematic, and (b)

implemented device.
2. Device design and fabrication
Figure 1 shows the designed active nano-pixel waveguide.
Three nano-pixel waveguide, and three bending
waveguides are integrated with single input/output
waveguide. 1>2 nano-pixel waveguide is designed with
3 pm>6 m footprint which incorporates 190 of 180
nmx>180 nm nano-pixels. 1>3 nano-pixel waveguide is
designed with 3 pm>3 pm footprint which incorporates
90 sections of 180 nmx180 nm nano-pixel. Three
different bending waveguides are designed with the path
lengths 23 pm, 26 pm and 29 pm, respectively. This
will realize two PPRs in case of laser. As indicated in Fig.
1, input/output is with the common single waveguide
where the facet is cleaved. InGaAsP-MQW membrane
structure was realized using wafer-bonding on top Si via
300 nm thick SiO2. EB (Electron Beam) lithography and
ICP (Inductively Coupled Plasma) dry-etching were used
for the waveguide fabrication.

3. Results and discussion

Optical Pumping light of 1.3 pm DFB-LD was injected
through the input waveguide. Thermo-electric cooler was
used to control the device temperature under 25 °C. For
comparison, single bending waveguide integrated with
1>2 nano-pixel waveguide devices were also fabricated
and evaluated simultaneously. Figure 2 shows the
achieved spectrum of the single bending waveguide
device. The designed path lengths are: (a) 23 pm,
(b) 26 pm, and (c) 29 pm, respectively. As indicated in

Wavelength [nm] Wavelength [nm]

Fig. 2. Emission spectrum single bending waveguide. (a) Path

length = 23 pum, (b) 26 pm, (c) 29 pm and (d) fully integrated

device shown in Fig. 1.
the figure, each spectrum from (a) to (c) exhibits different
Fabry-Per& resonance spacing of approximately 40 nm,
36 nm, and 31 nm that correspond to the path length of
approximately 20 pm, 24 pm, and 26 pm, respectively. In
addition, the peaks for (a) to (c) are slightly different each
other. As indicated in the figure, the peaks are 1477 nm(a),
1492 nm(b), and 1465 nm(c), respectively. This fact leads
to the possibility of interference each other, and we may
design the peaks of PPR based on these results in the
future. Figure 2 (d) shows the spectrum of fully integrated
device (see Fig. 1). As indicated here, the resonance
spacings were different and narrower than the case of
Fig. 2 (a) to (c). Presently we think that the achieved
spectrum was due to the plural interference of three
different optical paths; however, further investigation is
needed in the future.

4. Summary

We have confirmed the spontaneous light emission with
Fabry-Per& resonance of approximately 40 nm, 36 nm,
and 31 nm spacing that correspond to the path length of
approximately 20 pm, 24 pm, and 26 pm, respectively
spacing respectively in case of single bending waveguide
cases. Moreover, different resonance spacing and peaks
were confirmed in fully integrated device. The achieved
results show the potential of plural photon-photon
resonances when the device output reaches to the lasing
threshold.
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Lasing Characteristics of GalnAsP SCH-MQW Laser Diodes Grown on
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L DI

KIFEEFERI I O 7 R EolfE & KV 2
T CHEBLFT L, Si FR EA~D InP RHT N
A ADEREPEANFTE I TN D, AUk
L., Fexix, #EO InP & Si FEE EHEAL T
EIZE > TREY A8, Z O InP/Si AR EIZ InP
RIEROREET D Z & THT A ADHERR
BELOERZAT ) FIEZIRE L TE7[1,2].

ARl BKMERHERE T 2 FVC InP/Si Fobi |
(2R & 72 GalnAsP SCH-MQW LD & R
IZDOWTHE T 5, BUKMEEREMATTIC L DR
A RRTA=ZLL—TFDLEWHEERE D
BIRZII SN LT, £ LT Si R EL—W
WZBWT, InP B EL—H LRIZ%O L EVWME
EIE A FF72,

ERFG

Si FEM B L —V OERIFIEIILL T O@EY T
» 5, MOVPE ik T WP % # Lk 2
GalnAs/InP/GalnAs J§ Z ik S €, JES 1-2 um
DO InP 2155, MK InP & Si Fet a8k
PEEERLAE THEA L, 400°C, ZEHEFHKT
T1RRT =—Y > 7 %4757, 2O InP-Si &
M _EIZ MOVPE T 1 12779 GalnAsP SCH-
MQW L — Wiz Rk S 87, #a0ERIC
InP & Si OFEIZHRA RBEAE T, TNk
X v UTHEACEELY 52, LEVEERE
WIS, RA R L—F L EVWEBEROBM
fREFIRD T, RA RORE & LBIE 2%
L 72, B & 1 & 13 Keyence VE-7510 THIE L,
e L B EREIL L A S BEREE T A E
L7z, ZNZEI T = \ENT 15 2 FrilE L
BE 157,
ERER

B2 1IARA Ro 5 AEEE Si Fk B —3
DI L EVMEEBRBEZEOGRTH L, A1 K
DIRTA—=FDHFT, RA RO EHHBEILY
aHER EL—Y O LEVMEERZ KT 57
ODEZIR/NT A= ThHhDH I EDmm-oT, Si

FoAr 0> SCH-MQW LD O L &\ MEERZE X
AA FEREED 5% DGA . 20°Cf
1O3KA/ecn? MG B 72, & OfEIE InP Fo E 11—
P LRIFERETH D,

BE
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Fig. 1 Structure of SCH-MQW laser

]

Jp(Sid-dy (INP) (kAEm?)

10 15 )
Area Ocoupancy (%)

Fig. 2 Relationship between void area and threshold value

1
Pulsed /
T=0-50°C /

.

N

\

\ i
)

Intensity (mW)
Voltage (V)

Ew-
— a0
—a]

0 s L s 0
0 1 2 3 4

Current density(kA/cm?)

Fig.3 Laser Characteristics Curve of GalnAsP SCH-MQW

LD on InP/Si Substrate
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Investigation of device length dependence of 1.55-pum-band QD-RSOA in
threshold current of SiPh-based heterogeneous tunable laser
BXRET! HE#E. CM)IRK XELLXK B2 P Eh? R #E? Chih-Hsien Cheng?,
P E—2 WA ERZ )IE gh!
Waseda Univ.t, NICT?, °T. Matsuki', A. Matsumoto?, S. Nakajima?, T. Umezawa?, C. H. Cheng?, K.
Akahane?, N. Yamamoto?, and T. Kawanishi?

E-mail: libra-tree70@akane.waseda.jp
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FTT TR E O JEE A A TRELC
T 5728, F 4 ILBIE RoF (radio over fiber) [1]
2K D EAE AR A O L & WE, &,
WRAIZ, 2 WRFERPEIRAIEE T S A%
BAHELTWD, RIFETIX, ORI &
LT, 1.55um #iZHi) B &7 Ny MR-
AR ZE (QD-RSOA) DT A 2Rk fF
PEIZEET 2 MENIZTE A ERWNWZ &G, 28
Vo IREEED Si 7+ =27 % (SiPh)
& QD-RSOA # W - BAEMEHER L —V D
L EVWEE L, QD-RSOA OF A A DR
f& %R HE L 72D CHET D,

XA ARV THI 40nm D& ] B i PH & 52
BHLTWD,
AHFFETIE, QD-RSOA DT A ZARIZL D

L EVMEET O ZALR0W & w] 2 M 2 RERAYIZ

FEAfi L, QD-RSOA DT /34 A RARAF: % LMl

L7co 73 AR O K 2 Rtk 3 JiA

N, ARIFTRERZ B LTV,

[1] A. Matsumoto, et al., CLEO2017, SWAC.6
(2017).

[2] K. Akahane, et al., Phys. Status Solidi A, Vol.
208, No. 2, pp. 425-428 (2010).

YEfL L 7= QD-RSOA (%, InP(311)B Ak iz S 14 .
& L7z InAlAs 7 7 v KJ&, 15 %t InAs QD % 1
J& & InGaAlAs H[ElfE, p+il InGaAs =12 & 7 :
FESOHRSI, QD REE ML, U v UHE 5 o)
11 3.5um T, RSOA O JiHifiifilL AR =1 — b & g o2

NTW5, SiPh X, v~ 7ok —4%—D8
FORTHIREREZ A TEHES 2 B
THARGB AR, R 7 4 V2 BIUOSNHB L —
PIIRER & U THBET 2, ERITITT A AR
1.5mm 7>% 3.5mm F Th QD-RSOA % H\,
5 OEE A SiPh F v FICHES LT,

Figl IZ T 2L —% oD I-L FeEi,
QD-RSOA DT /XA AENEWMEE, LEVWVE
BIMABDTHZ L 2R LTV D, 2T
NA AENEL 705 2 & C, IEEERICBIT 5
HEANEIROE)— MR /L X —3h %03 m kL,
FIESEEERm E Lo itk B2 BN,
Fig2 IZRTHIN AT ML TIE, ~( 27tk

Current (mA)

Fig.1 I-L curve of this heterogeneous QD tunable laser for
each QD-RSOA device length

Output power (dBm)

1510 1520 1530 1540 1550 1560 1570
Wavelength (nm)

() Jamod adjeay

Fig.2 Output lasing characteristics when heater power of one of
the ring was controlled (L = 1.5mm)
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{EEMITYF>oI0F ) DA VER S| T4 bZv UERIIRSROL —RIE
Lasing operation of etched nanowire integrated III-V silicon hybrid

photonic crystals cavities
NTT $)74b20R009 1, NTT $¥014$6% 2, NTT %658 3, R KHE 4
OBOMA 2, BARE P ARAE 2, #iRkEE 2, BMREE 3, wEkt >
NTT NPC!, NTT BRL?, Tokyo Tech. 3
“M. Takiguchi'?, T. Fujii'3, H. Sumikura®?, A. Shinya'?, S. Matsuo'3, and M. Notomi'%*
E-mail: masato.takiguchi@ntt.com

WHER/NBOILEMHEREZE Si Fv T (CEEIT D EE. ABERERT RN T /(1R
ZRFAITDDICEETHD. BAFINFETEHSHREEDEMHERS ) DAV ZSi JA4 hZwv o
ERPDRLFBECEATDIZET, LY - HRAyF -2/ ZERIRLUTE[1-3]. LML,
F DAV DBENT M ML > F-F ) DA VREIOBRRURWIVF vy T (d. /DA 7ADN
FACADETDRAL/RD, RFHEREZHIRLTCUED, €T, L (HMEEMFEKRS /D117 %Z
TyvFIOTOCATHERT D ETIHEZERAARIC U, Si T4 hZw IFE8ROD hL > F (TR
<EESERZET. ARALRADDEWW\ATUY RIA by UfEGRIRSEROERZIRELZ. 8l
BIDIRE[4]TE. F/ T4V E ML FRBICTHITMRRENEC TUVETesd. AR UIADHNEEEN
IJL—TRIRICLESRMN DIz, EZTSEI(E ./ TJATDREE ML > FiEzE K DIEEICERET L.
I7FvvITORMEGEZRIRUIZ E1(a)[FRBDF ) DAV EASI T4 b IHERIRF CTH D
F DA (EEERB(InGaAsP SMQW)ZED InP JT/\E RSATYF I TIMIUL. TNEEHEET
U> NEEREFEDEMIRERVT, L3 HiREBAD ML F(ICEBA L. B 1(b)EI7FrvITEX
FACIADDIIFHETH D, BHS 25nm LU LD (EHEE UiAhZ KR (ICEB S E D 2 EHAD D,
kgD izdIC. F /) DAV DKREE KL FDIEA. (300 nm, 300 nm). (300 nm, 400 nm)dD 2
BEOHIRSRZFR Uz, B 1(b)(&. ZNETNDY>TILD PLBAIE (pulse FhfE) 21TV, L-L 4%
BEEDIEEDTHD. INSHNDLD(C. BIRRKRIZF v v ITDHDHY > TILIEHIREEETR
SR FrvIT L RADRFIFHEERL —PRIRZRUZ, 252, CW BIEDHBEICDNT
B, L—URIRZRIRIBOREL (K 1(c)) . WROIIL—>T b AFAEEICELD g2 D
R TSIz, SO ENDS, AMBEICK DK LIAD EBMREBDWE(CHRINLIEEWR D, KRIAF(E
JSPS #EAE 23H01888 MENMZ=Z I TT=EDTH D,

[1] M. Takiguchi, et.al., APL Photonics, 2, 046106 (2017)

[2] M. Takiguchi, et.al., ACS Photonics, 7, 1016 (2020)

[3] M. Takiguchi, et.al., ACS Photonics, 7, 3467 (2020)

[4] O, 25 84 LlIGAYNIEFSMEFMEEES, 21a-A308-3

(a) (b) 0.20 (c) T (d) 600 — 5
121 300 @ (300-300) L ‘I
=) ® (300-400 ® & 500} 14
-~ : - 0158 8 290f 18 o | —
D RGOS g N 8 % < 400 E
e 0108 £ 10| O £ 300|e o g
shs e Q o
..... A 23X X _,6, E 8 ® 8 200 g
@ E £ 100} ® - =
3 S m loosS ¢ ° g * ¢ -
;| Si photonic crystal [ '\ .\l Elc:c_’ 50 @ 2 100 .'o..'
L —_— P o L ITTT
[ .
=] — ] 0 L ]
2 pym 0.00

© 2024%F [SRYEES
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Fig. 1 (a) Optical microscope image of Si photonic crystal cavity with etching nanowire (b) Airgap vs Q
factor and optical confinement factor. (c) L-L curve for different samples under pulse excitation. (d) L-L
curve under CW excitation.
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SEREE T + =y OV RBR LV —ORRREFAEE RO

Enhancement of frequency modulation of multi-section photonic-crystal lasers
RAREL' LKL KDDIEAHER ' BXEILY FHEEL', HLg#! HBFR,
De Zoysa Menaka !, HIGER !, ANFKX’ EREXE’ HBRMAE’ HKAKEH‘ FHE!'
Kyoto Univ.!, Tohoku Univ.2, KDDI Research, Inc.>, Waseda Univ.*, °R. Morita'%, T. Inoue!, S. Nakano!,
M. De Zoysa', K. Ishizaki!, S. Ishimura®, H. Takahashi®, T. Tsuritani®, M. Suzuki‘, S. Noda'
E-mail: ryohei.morita.cl@tohoku.ac.jp, snoda@kuee.kyoto-u.ac.jp

[FF] EHICGW) - @mE—AMEEERREZR 7 4+ b=y Zfifh L —% — (PCSEL) DIZH W\ C, @il
(>GHz) 7REAEZFHENED FIEE & 724U, MR MIBE A 1L U & Lz B HZERDGEIE ~D B 23 1
FEEND Y. BxITINET, H{EZ%((FM) STHENEZ ATRE &9 5 4y EInE PCSEL & A 12457 5
EEHITY, ERERIER LR FI2B 0 TY > Mk FM ZEFHENEOHIIETEIZAREI LT D 9. 4
[\, FM ZZFHEMEDOZFEHKRICANT C, R EEOUREFZITo72DO THET 5.
[ﬁﬂ#ﬁﬁ*%] 4y E6E sz PCSEL D JAAME & DR % Fig. 1 (@)IR7. 74 b= 7 b tRERT,
Flg IO T LIS, EPRETERGE Aa 26T 2 2 FHIRICHEISNLTEY, %éﬂ?z ja (E£E
=500 um) 2fKl _:Jﬂou\f$~~%— RIIRZMERF LoD, FEIRFEBNHENIC N R AR 723 8
Aéhé ZIT, ZOKFERDERD 2 I —EDAA T AEREIEAL-DD, AV
MHOEEEEARHER>EETDHI LT, 2 Eﬂ?@‘&]\ﬁéﬁm@ﬁk/\/ }‘ﬁﬂ”ﬁﬂﬁ?ﬁ% ZHef L C,
WP RAR B B A mR I B (b S/ A 2 E R FREIC/2 5 Y. T 2T, WHHOLETERIEAZ LTS
T2 DF ff‘ﬁff%a_& LC, AIEIOMETIX, Fig. 227 L O HE o nﬁ”ﬂ?ﬂi%/\il L 724
EEERL L7 9. Ko BIEMOENEREIG 2 ST 0, VRO NG E 54 DG
BAE R %A Fig 20)0RT 28, BB S R AN L CEEEICEIET 5 £ Tl “‘om}fﬁﬁw
I E OB BN NS WD ERDD. £ 2T, Fig 22T X912, IEERICIEW
WO p BUEM A 38 LIS 2 872 1ORET L. RE IS T 2168 O NE S E oA
Fig. 2(d) & 72V, RiFEHEE & G LT, 5~10 f5RREDO R E 2EREEZ LN HF oD 2 & 3 HFF
ENb. WEEICONWT, BTFEEAEE Aa=1.0%x10% (a=276nm) & L, EFRER 1.25A IZHF
fllaaO15A@JE*HIE@K(E%:F%EEL?L_W@J—J{EZ%Z SSHEOE L% Fig. 31T, ks, gD
W, B HARES 2 0B L TR W@ O PCSEL OFER B R L TWA. [FK LY, pAIEMmE 5
#| L7z PCSEL 1%, n MIEMZ /3% L7z PCSEL L0 &, FEEL{bEEZ | HfEEHEKAETH D
ZENHI IS, REHEEOEREE R 25, FEMITYE ARE T 5.
[BHEE) AR —EIZBMFE (22H04915, 24H00430, 24K17622) 3 X O BRIDGE O X% %1} 7-.
[3THK] 1) M. Yoshida et al., Nat. Mater. 18, 121 (2019). 2) S. Ishimura et al., J. Lightw. Technol. 41, 3688
(2023). 3) b fth, 2023 FEFRIEY), 17p-A303-3 (2023). 4) fHEF {1, 2024 H=FIEH, 23p-11E-7 (2024).
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Proposal of high-speed modulation of high-peak-power short-pulse photonic-crystal surface-emitting lasers via the
introduction of global band-edge frequency distribution and split electrodes

AL ! RAEXRI? CNHEM' HLSth' FHEARTFE L2 HHE'
Kyoto Univ. !, Tohoku Univ. 2 °Y. Shibata', T. Inoue!, R. Morita"2, S. Noda'
E-mail: shibata.y@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

[F] 74 b=y ZfifE L —%—PCSEL))IE, 2 KILT + = 7 fEdmOReEE(T R%) TO IR
TERZ AW mEERREE L —F—CTh b, Hald, TIVET, KRIKA S NG 6 48
A L7V A PCSEL #4242 L 2, 60A OFEFIEATE — 2 1177 500W #kD & H 7]« F 3L A8
TEDSFEICEHKPI L TS Y, EFLOH VA PCSEL IZEBW T, ALEE 512 & 2 #i#E(>GHz) £ iR E)
TEAHTRE & 724U, A -HIBKE % ol B T 2 D GlE ~O RS HIRF S 5, ARl Ry
> Rl JE R B o3 AR 238N U 7= PCSEL (23 Bl 2 B A L, BB & AfEREZ2 01 C
HEATSHZET, mitihinromEEREEE2 R+ 2 FEL RE Lo THRET 2,
R X OMENTRE B #2284 % PCSEL D4y B fnt & ORI % Fig 1(a) o4, Bt AGE
DHMEITZ 1000 pm TH Y | Fig. (R THEGEER (R L) ZFEAT D F—F RO A &
Fig. l(d) RT VLA (RIE L, 7SV AR A, 7 vy 7 B HEEAT SRR GEK B (B
d) WZHFEILTND, o, 7+ b=y 7L, TRAEEEERE 2530 R Hrﬂzi&ﬁ%ﬁ
[Fig. I0)]ZE AL TH Y, ZHHOHRICEL Y a2 P RICRESE 2@ 26T 5, FfEEICE
W, 27OV RABRIEART (50) BEOEARE (Fh) OFT 3 ANEOF v U 70408 L OO 75
FESAR DOFHFEAE R O—H % Fig IR T, =0 B W TIE, kA OBRIZF v U T REMIN
TRRE L 720 | JEDRIET D REOWIEA N K E W BRI S D, —FF =6 TiX,
Rl B ~DF ¥ U 7 HEAIC X0 WIHB R U CRIENBRM SN D03, T D%, Fig l(QIIRd
IR A ICEREINT-X v ) 72 bIHE LN DR BIRITIEN D728, Figl(e)Ilrd L)
RN IR SV ARG O D Z ERHIRF SIS, BARR9IZ d=200um, 1=18A, L=0.4A,
f=0.5GHz, At=1ns & LT, Fig2@II™IEEEIIE S 2888 B IZEA LIZERD, JeH ) okF
MZA L& fifdT L= R R % Fig2(b)IZrd . AJIE BT Uiz 300W fk D& )« 530 25 5035
IV AMFFED—EIIRIE D S8 %52 1T 7, [3CHR] 1) Noda et al., Adv. Opt. Photon. 15,977 (2023).
2) Inoue et al., Nat. Commun. 14, 50 (2023). 3) _E i, 2024 FEFRILY 22p-11E-7.
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Fig. 1 (a)(b) Schematic of the split electrodes and the band-edge frequency distribution of the Fig. 2. (a) Pulse injection current in
proposed PCSEL. (c)(d) Injection current waveform for each electrode. (¢) Temporal change Region B. (b) Calculated output
of the output power. (f)(g) Carrier and photon density before and after lasing oscillation. power of the proposed PCSEL.
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Self-assembly of dopant molecules on MoS2 monolayer for degeneracy/heavily doping

The Univ. of Tokyo!, °Puneet Jain?, Shotaro Yotsuya!, Kosuke Nagashio?, and Daisuke Kiriya!

E-mail: jain@g.ecc.u-tokyo.ac.jp

Transition metal dichalcogenides (TMDs) are class of materials with general formula MX2, where M is

transition metal element from group 1V, V, and VI (Mo, W, etc.); while X is chalcogen (S, Se, or Te). As

the thickness of TMD decreases from bulk to monolayer, 2D
TMDs exhibits a series of specific properties. Among all
TMDs, molybdenum disulfide (MoSz) is one of the few with

a natural layered structure, indicating that MoS; can be
stripped easily using scotch tape, to obtain high-quality
MoS; monolayer, without complicated chemical synthesis.
MoS; monolayer is an emergent semiconductor having a
direct bandgap of 2.4 eV, and has potential applications in
nanoelectronics, optoelectronics, and flexible electronics,
etc.)

As stated about, pristine MoS; monolayer is semiconducting in
nature. Thin-film transistors (TFTs) using MoS; ML as
channel, shows n-type characteristics with lon and lore. By
doping MoS;, we can improve the device performance by
controlling the carrier concentration. In electronic devices, the
doping technique can improve the on-state current by reducing
the effective barrier and contact resistance height at the
metal/TMD junction. In the present work, we have fabricated
TFT with MoS; ML as channel; and bismuth as source/drain.
Fig. 1 shows the schematic of the device. The TFT was then

doped (i.e., channel doping) with an asymmetrical molecule. It

Fig. 1. Schematic of the fabricated
device, with MoS,; ML as channel, and
bismuth as source/drain.

1 0'5 T T T . ; —
E B ::6_::-:7 S |
§ 107} PoPe _
g [ —

&

E 10t / -
£ - ]
S0l / -
S 1071 “as-fab.

-30 -20 10 0 10 20 30
Gate voltage (V)

Fig. 2. IV  characterstics of
as-fabricated device (shown by blue
curve) and doped device (shown by red
curve). OM image of the fabricated
device with MoS; ML as channel, is
shown in also shown in the inset

has been found that doping leads to degeneracy, as shown in Fig. 2. To understand more about the doping

mechanism, we fabricated an array of devices, with MoS, ML as channel; and bismuth as source/drain. The

array was fabricated using photolithography, where the channel length and width are varied from 5 to 50

pm. It has been found that doping leads to degeneracy/heavily doped situation, depending upon the channel

width and channel length, i.e., doping depends on the length and width of the MoS, ML channel.

More results will be discussed in the meeting.

1. O.Samy, S. Zeng, M.D. Birowosuto, and A.E. Moutaouakil Crystals 2021, 11, 355.
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YXZXTMD BEBFREICHEITE=YX X TN BEFEDHRE
Development of a Stacking Method for Janus TMDs Toward the Formation of Janus
TMD Superlattices
FAKBRL ', REXMHHEEEFHRRH
Of HikM ', & ®F ', BRK AR, B EH', A R}, N REF"
Grad. Sch. of Eng., Tohoku Univ.!, Adv. Inst. Mater. Res. (AIMR), Tohoku Univ.’
Tianyishan Sun'2, Weizi Lu, Soma Aoki'?, Dingkun Bi'%, Hiroto Ogura'?, Toshiaki Kato'?

E-mail: sun.tianyishan.rS@dc.tohoku.ac.jp

FETFHENBEEO DNV VR THERIND T X AEBER Y A Va4 R(IMD)X,
BTN HREAIZBNAE L D Z &5, fEk TMD IZIZE H R B A BRI TRl S T
BOKREXBRERBZED TS, LOLAENBDL, YXA TMD ARICITR 4 — & — O b
WRMETH Y, FERIFFENIERAITEALER L TORVORBRTH 5,

ZHVETH A X, TMD OEOEFEN(PL) AR b Z Y X ZGEOSHIZBEEBMI L -2 “%
OB X ALEE” ZBH% L, ¥ X A{LF TMD O PL A7 hVIFRBZ TGS 25 2 &1
LT D, ZDOEKGEY X ZMEEMRATEHT 5 2 & T, v XA TMD F/ F =2 —7 ORIk 1].
Y XA TMD F/ A7 a—/LOAIK[2]. BLOY XA TMD L% O TMD (281 5~7 1 " JEE
T VS ORIKBIZ ®E LTS, ZOFMEIOY XX TMD % EEERE Lk i E 41
T % Z & T, HEA A R —/VHRORE R PR B IR C X 2 NREZITHREF N E, 22
T, AAFIETITY XA TMD B AR DO 7= 0, BE~7 vt AR5 % B ICHFE 21T -7,

FEMCHIBE CERIL L 7Z B — 2 L oAb X v 7 AT (WSe) IZK LT, Y X AT rEAIZLD
WSeS # A L7z, 20D WSeS &R Y v—MEE LIEEZRALI-L 2 A, TrERAFIZAI B—L
LU CHRBHEENG LNV EANHBALE, 2R
0 —AEBROMEEL LKL TWD, I T, RICYXA 400

—— Pristine WSe,

b L7z WSeS DFE[ElZ FF OB WSe, # FEJEHEE L T~T 12 0. T Wees L wsey

—— Bilayered WSeS

WSey/WSeS Hii&E & L. TDHIBINTY X AbE1T9 7
Tua—FE{ToT, TOREE, TX A WSeS HIROUfk:
V— 7 BN SN T WSeS DAIICERS L E 2 5,
X 5z, HE WSeS o~ 1 _JE WSeS/WSe, & i LT, 200 225 250 275 300 325 350
PP AR T~ B R T b B T LA | femmemem
o Fig. 1. B J& WSex &), H &
L7z (Fig. 1), AFEZIEH L, % S OICHEBEREAZ T WSeS(F), 8 WSeS/WSea( #t),
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Relationship between the surface roughness of SiO2/Si sub. and the PVD-WS: film
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Tokyo Institute of Technology, °(M1) Jaehyo Jang, (D) Naoki Matsunaga, (M1) Soma Ito and
Hitoshi Wakabayashi, E-mail: jang.j.ac@m.titech.ac.jp
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Figure 1: RMS surface roughness on DHF treatment
time SiO,, WS, w/ and w/o SVA.
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Figure 2: The Raman spectroscopy results of RF
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Fabrication and Characterization of Germanium Monosulfide Field-Effect Transistors
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[Background]

The discovery of graphene stimulates the development of (@) Substrate cleaning

low dimensional materials based functional devices . Growth of GeS on target substrate
Patterning of GeS channel
CCP-RIE etching (SFg/ Ar)

Source/drain contact formation

However, the gapless behaviors of graphene restrain itself
for next-generation semiconducting electronics and
optoelectronics. The germanium monosulfide (GeS), as one

Current-voltage characterization
of the newly re-discovered and promising two-dimensional

(b) = (c)
layered semiconductors, has recently emerged. Previously, Ti/Au P Ti/Au
e

we have achieved the synthesis of large area germanium SiO,

Electrode

. p£+ISI

monosulfide (GeS). In this abstract, we focus on the SEEED Phtterned G' eS|

fabrication of the GeS field-effect transistors (FETs) and its Al 100/ pm

current-voltage (I-V) characterizations. Fig. 1. (a) The fabrication process flow, (b)
the schematic device structure, and (c) the

[Experimental methods and results] optical image of the GeS FET.
The large-area GeS thin films were synthesized by using 9
the vapor transport method as introduced previously %!, Fig. 5 ::28 /
1(a) shows the fabrication process flow. The lithography and v, +E)20 Vel

2 ’
reactive ion etching (mixed SFe¢/Ar gas) were applied for %3 —74218 / I
E Lo ‘ g
patterning of GeS channels with length of 6 um and width of | i
W Channel
160 pum. Afterwards, source and drain electrodes were L=6pm
g

W = 160 pm
formed using the lithography and electron-beam evaporation. -60 30 0 30 60
Ves (V)

The highly doped Si substrates 525 um with 300 nm SiO»
o ) o Fig. 2. Output characteristics of the GeS FET.

layer were utilized (Fig. 1(b)). The optical image shows the

fabricated GeS FET (Fig. 1(c)). The lgs-Vgs characteristics for gate-voltage in the range from 60 to -60V are

shown in Fig. 2. The fabricated GeS FET shows the clear gate-voltage dependent l4-Vgs characteristics. It

is under optimization to achieve a higher on-current for GeS FETs. Other details, such as diode-like I-V

characteristics, photovoltaic behaviors, hysteresis loops and so forth, will be introduced at the conference.

[1] K. S. Novoselov, et al, Science, 306(5696), 666, (2004).
[2] Q. Zhang et. al, ACS Appl. Nano Mater., 6(8), 6920, (2023).
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Energetics and electronic structures of Nb-doped WSSe layers
Yanlin Gao, Susumu Okada
University of Tsukuba

E-mail: ylgao@comas.frsc.tsukuba.ac.jp

Janus transition metal dichalcogenides (Janus TMDs) are a novel two-dimensional semiconductor. They
consist of 3 atomic layers, where the transition metal layer is sandwiched by different chalcogen atom layers.
This structural asymmetry produces a dipole moment normal to their layers, making them fascinating
materials. The dipole moment provides the freedom to modulate the electronic structures of their stacking
structures [1]. For example, bilayer Janus WSSe with SSe interface has staggered band edge alignment
between two layers, while it has shallower or deeper band edge when it has SS or SeSe interface. Additionally,
introduction of carriers to semiconductors by doping impurity elements is an essential for their practical
device implementation. Nb is a common p-type dopant for TMDs to introduce carriers [2-3]. In this work,
we aim to explore the energetics and electronic structures of Nb-doped WSSe based on the density functional
theory.

In this paper, we considered nxn lateral supercell, in which one Nb atom were substitutionally doped (n=2-
4) to investigate the effect of the dopant density on the electronic structure of WSSe. Our calculations showed
that Nb doping lowers the Femi level of WSSe, which indicates that Nb works as a p-dopant. The electronic
structure of monolayer Nb-doped WSSe is sensitive to Nb concentration. Nb state is localized around the
valence band edge of WSSe for the Nb-doped WSSe with doping concentration less than 6%. In contrast, the
localized states associated with Nb are absent when the doping concentration is more than 6%. Aside from
the monolayer doping system, we also considered the bilayer doping systems. For the Nb-doped WSSe
bilayer system, the highest two branches of the valence band split into upper and lower branches due to the
interlayer interaction when the doping concentration is less than 6%, so the highest branch is unoccupied. In
contrast, the second-highest branch is fully filled. For the SSe interface cases, the full-filled state at the I'
point is contributed by the top layer, while the unoccupied state at the I' point is distributed on both the top
and bottom layers. For the SS or SeSe interface cases, both states at the I point near the Fermi level are

distributed on both layers.

References

[1] Y. Gao et al. Appl. Phys. Express 16, 075004 (2023).
[2] Y. Murai et al. ACS Nano 15, 19225 (2021).

[3] K. Hisama et al. Jpn. J. Appl. Phys. 61, 015002 (2022).
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Engineering MoSe; Defects via SHI Irradiation for Improved NH3 Gas Sensing: A DFT Study

"Department of Electronics and Communication Engineering, Netaji Subhas University of Technology, Delhi, India

1. Introduction
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(Enw3/system), the isolated MoSez system (Esysem), and the free NH3

© 2024%F [SRYEES

Ammonia (NH3) gas, common in agriculture and industry, is toxic and
necessitates real-time monitoring due to unreliable odour
detection[1]. While two-dimensional (2D) transition metal
dichalcogenides (TMDs) offer promising NH3 gas sensor properties
due to improved sensitivity, selectivity, and fast response [2].
However, their dense stacking structure limits gas interaction,
reducing sensitivity at room temperature. To overcome this, our study
presents theoretical findings on utilizing swift heavy ions (SHI)
irradiation to induce targeted defects in the MoSe: lattice [3], thereby
enhancing NH; adsorption and improving sensing performance.
Density functional theory (DFT) calculations compared NH3 sensing
in pristine MoSe> and SHI-modified MoSe> with Se (Se-VAC) and
Mo (Mo-VAC) vacancies. Results indicate Se-VAC has higher NH3
sensitivity, suggesting improved sensor performance due to increased
surface-to-volume ratio.

2.  Computational Methods

DFT calculations were performed using the DMol® package within
Material Studio software. Geometry optimization employed a 5x5x1
k-point grid and a 4.9 A cutoff radius. Convergence tolerances were
set to 1.0x10"° Ha for energy, 0.002 Ha/A for force, and 0.005 A for
displacement. The Perdew-Burke-Ernzerh GGA functional (PBE)
with DNP basis set described the exchange-correlation term, while
Grimme's method with DFT Semi-core Pseudopots (DSPP) computed
adsorption energies [4]. A 3x3x1 MoSe2 monolayer supercell served
as the model system, incorporating Se and Mo vacancy
configurations.

3. Result and Discussion

DFT calculations using the DMol® package revealed structural and
electronic property modifications upon SHI irradiation of MoSe:
(Fig. 1). Pristine MoSe:2 exhibited a bandgap of 1.482 eV, which
significantly decreased to 0.061 eV and 0.992 eV for Mo-VAC and
Se-VAC configurations, respectively. This suggests a potential
enhancement in electrical conductivity due to the defect states
introduced by SHI irradiation.

(@)

SHI
Irradiation

PR

——————
——————
——————

—————

©

~__.-=F Mo Vacancy _Se Vacancy
N

-
r
\,

Fig. 1. Supercell structures of MoSez: (a) pristine, (b) SHI-irradiated,
(¢) Mo-VAC, and (d) Se-VAC.
Furthermore, charge density difference analysis (Fig. 2) indicated a
stronger interaction between NH3 and Se-VAC compared to pristine
MoSe2 and Mo-VAC. This is quantified by Mulliken analysis,
showing a higher electron donation (0.057¢) from NH3 to Se-VAC,
suggesting a more favourable adsorption process. These findings,
along with the calculated adsorption energy (details in Eq. 1), support
the hypothesis that Se-VAC defects promote enhanced NH3
adsorption on MoSe: [5].

Eaq = Enn,ysystem — Esystem — Enn, 1)
This formula considers the total energies of the NH3-adsorbed system

molecule (Enms) (as details in Eq. 1). The calculated Eu.s values
revealed a trend of increasing strength: -0.939 eV for pristine MoSe»,
-0.951 eV for Mo-VAC, and -1.015 eV for Se-VAC. Notably, the Se-
VAC configuration exhibited the most favourable adsorption energy,
signifying a stronger interaction between NH3 and the defect sites.
This aligns with the observed enhanced charge transfer, suggesting
that Se-VAC defects promote superior NH3 adsorption on MoSes.

@ 4 () ©. o adeh

Fig. 2. CDD for MoSe: configurations: (a) pristine, (b) Mo-VAC, (¢)
Se-VAC. Green indicates electron accumulation; pink indicates
depletion.
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Fig. 3. Schematic illustration of the proposed NH3 sensing
mechanism in MoSe:.

SHI irradiation is investigated as a method to improve NHs gas
sensing in MoSez. SHI interacts with the material through elastic
collisions (nuclear energy loss, S.) and electronic excitations
(electronic energy loss, Se). The high S. promotes defect formation
within the MoSe: lattice. These defects are hypothesized to act as
adsorption sites for NH3 molecules, enhancing their interaction with
the sensing material. As NH3 is electron-donating, this stronger
interaction can lead to a more significant change in the electrical
properties of MoSez, ultimately resulting in a more pronounced and
selective response towards NH3 gas detection.

4. Conclusion

Our DFT study explores NH3 gas sensing using MoSe2 and SHI-
modified MoSe: structures. The results suggest that Se-VAC defects,
created through SHI irradiation, hold promise for enhanced NHj3
detection. This is attributed to the increased availability of active sites
within the SHI-modified MoSe: structure, facilitating stronger NH3
molecule adsorption.
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Pt Nanocluster Decoration on WSe: for Enhanced NO: Sensing: A DFT Investigation
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1. Introduction

Gas sensors play a crucial role in various aspects, from ensuring safety to
environmental conditions. NO: is indeed a harmful gas, primarily emitted
from the combustion of fossil fuels and industrial activities, causing
health problems and contributing to pollution [1]. Decorating noble
metals on 2D transition metal dichalcogenide (TMD) nanomaterial may
benefits like enhanced sensitivity, selectivity, fast response and so on [2].
In this work, a density functional theory (DFT) study compared NO2
sensing in pristine WSe:, one Pt atom decorated at the hollow site (WSea-
1Pt), two Pt atoms decorated at a hollow site (WSe>-2Pt) and three Pt
atoms decorated at a hollow site (WSe2-3Pt) over WSe2 monolayer. To
enhance the sensitivity response of WSe2 upon NO», the decoration of the
Pt atom was proposed to improve the chemical activity and electron
mobility of the whole system.

2. Computational Methods

This study utilized material studio with DMol® package for DFT
calculation. Optimization is performed with a 3x3x1 k-point grid and a
global cut-off radius of 5 A [3]. Convergence criteria are set at 1.0x10-5
Ha for energy, 0.002 Ha/A and 0.005 A for maximum force and maximum
displacement respectively. The generalized gradient and Perdew-Burke—
Ernzerh approximation with the double numerical plus polarization basis
set was set employed for the exchange-correlation term [4]. Tkatchenko-
Scheffler method with DFT semi-core Pseudopots was used for
calculating adsorption energies.

3. Result and Discussion

Fig. 1 display 4x4x1 supercell structure of pristine WSe2, WSez-1Pt,
WSe2-2Pt, WSe2-3Pt, and their bandgap calculation using DMol®
package, provided values are 1.567eV, 0.85eV, 0.116eV, 0.08%V
respectively. This significant decrease in bandgap with Pt decoration
suggests a substantial enhancement in conductivity.

Fig.1 Supercell of (a) Pristine WSe,, (b) WSe,-1Pt, (c) WSe,-2Pt, (d) WSe,-
3Pt.

Fig. 2 demonstrates the most stable configuration after optimization and
the sensing schematic of the proposed structure. Pt atoms assist catalytic
oxidation, extracting electrons from the WSe, monolayer attributed to the
difference in Fermi levels. NO2 pulls out electrons from Pt atom(s).
Moreover, the Fig. 2 configuration is also the most stable among the
proposed structures. The adsorption energy (E,,) Was calculated using eq
1[5]:

Eqqa = Eno,/system — Esystem — Eno, M
where, Eyo,/system: Esystem: and Eyo, are the total energies of the NO:
adsorbed system, isolated system, and NO., respectively. E.-for WSez-
1Pt, WSe2-2Pt and WSe-3Pt were determined as -2.08eV, -2.80eV, and
-3.07eV, respectively. Among, all the proposed structures WSe2-3Pt
shows enhanced sensing performance towards NO2 because of higher Ead.

This result is further supported by charge density difference (CDD) and
Mulliken charge analysis.
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Fig 2. Schematic diagram of sensing mechanism of (a) Pristine WSe,, (b)
WSe,-1Pt, (¢) WSe,-2Pt, (d) WSe,-3Pt.

Fig. 3 shows the charge density difference (CDD) between NOz and the
sensing layer. According to Mulliken analysis, the total charge over NO:
was -0.192e, -0.234e, -0.230e, and -0.298¢ for pristine WSe2, WSe>-1Pt,
WSe2-2Pt, WSe2-3Pt respectively. WSe2-3Pt displayed higher electron
withdrawal, exhibited superior gas sensing due to enhanced catalytic
activity, modified electronic properties and influenced charge carrier.

Green and Yellow color depicts electron accumulation and depletion.
4.  Conclusion

WSe2and Pt decorated WSe; structures are investigated for the sensing of
NO:2molecule using the DFT method. The result indicates that the WSe2-
3Pt exhibits a promising configuration for NO2 sensing as compared to
other structures. This configuration offers a high density of active sites
and a stronger NO2 adsorption energy compared to other Pt-decorated
WSez structures.
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Imprint Behavior of Ferroelectric Hfo5Zros0O2 Thin Film:
Impact of Wake-up
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The University of Tokyo, Faculty of Engineering.
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1. Background: The HZO-based ferroelectric material is of

significant interest in the nonvolatile memory field due to its (a) write pulse wait for t, in RT

robust ferroelectric properties even in ultra-thin films, and 1 ms

high compatibility with the Si CMOS platform . However, it st MV/em aher orint
several reliability issues must be solved to meet the r'nemor?r (b) measurement measu,;’mem
requirements, such as wake-up, fatigue, and imprint -4, o 40 T (c)

Among them, wake-up and imprint potentially lead to a g 30 i = 05f

complicated operation scheme, a retention concern, and o 20 d 2 04f

write failure; thus, understanding of these mechanisms is 2 10F w1 JEGW S o3} ™\
required to avoid such issues 2. In this work, the imprint is s O0F = o2l /.vﬁ?/
evaluated on capacitors with different wake-up histories, I§ :;8 Ijinmm i, 0'1 l e

and evidence of their relationship is obtained. S _3 —ty=1s 4 - ’___AQ_E.?—*/'
2. Experiment: TiN/HZO/TiN/p*-Si MFM capacitors with £ -0 —ty=t00s| — 00—, . .
different thicknesses of Hfo.sZro.sO2 were used in this work. 4 > 0 2 4 10710 10" 10" 10°

Fig. 1(a) schematically shows the voltage waveform
employed for imprint measurements. As depicted in Figs.
1(b) and (c), imprint significantly increases over time after
a positive write pulse. This study focuses on the shift of the
negative coercive field after positive writing (JAE.™Y)]) to
evaluate the imprint. Fig. 2(a) illustrates the pulse sequence
for measuring the relationship between wake-up and
imprint. After applying specific cycles for wake-up, the

voltage waveform in Fig. 1(a) was applied to evaluate the (b) o7F ~10 25 © o07F =10 2s
1mprint. = 100 € o6k «10%s
3. Results and Discussion: As illustrated in Figs. 2(b), (c) 5 06 T L oaf —10%s
and (d), with different HZO thicknesses (10, 8 and 6 nm), 2 05F =10%s |2 05
the imprint effect is suppressed with an increase in the wake- = 04 -\\ = 0.4 "——\
up cycles under the same holding time (zn) conditions. To T, 03} 5, 03F
explain this experimental result, a deep understanding of the {uu o2bt—/————. oy 0.2 LT,
origin of imprint and wake-up is needed. o1 b = -m

A recent research attributes wake-up to the movement of - 0'0 g=10 nm 0.0 b— AN
mobile particles such as oxygen atoms/ions or oxygen T 10°10*10° 10° 107 10%10* 10%10% 10"

- Pag Such !
vacancies>l. To simplify, only oxygen vacancies are shown ) )
in Fig. 3. As depicted in Fig 3(a), n a pristine film, lots of (d) Write cycles (e) 50 Write cycles
oxygen vacancies are distributed near the interface between . 0.7F=10"2s 10's 0 M
the metal and the ferroelectric (FE) film. During the wake- § 06F-10"1s~102s|& 40 -M e
up cycling, mobile particles, including oxygen vacancies, S 05p-10°s -103s| E
T ) SR f . . 8] L

distribute more uniformly within the FE film, as depicted in = 04k ) 30 e
Fig 3(b). As a result, the domain can be de-pinned, and an = % 3 20}k
increase in remanent polarization (Pr) can be observed (Fig. 2, 03F = T.2500 °C
2(e)). W02 . |& 10 a

We have shown [ that imprint is associated with charge < 0.1 "a';%"r’{n‘;"‘»m..\ . . .
injection/de-trapping due to electric field (Ei) across an 0.0 b—mt————1 0= 3 5 7
interfacial layer between screen charges at the electrodes 10° 10" 10° 10" 10 10 10 10 10
and bound charges in the FE film, as illustrated in Fig. 3(c). Write cycles Write cycles

This model explains that due to Ei, charges could be injected
from the electrode to the FE layer and accumulate at oxygen
vacancies near the interface (or de-trap from oxygen
vacancies near the opposite electrode). As a result, it leads
to an asymmetrical distribution of charges (Fig. 3(d)), which
form an addition field, and shift the P-E curve.

Based on this interpretation, a combination of imprint and
wake-up effect models could give us a more comprehensive
understanding of the relationship. During the wake-up
cycling, oxygen atoms/ions or oxygen vacancies can move
deep inside the FE film and the distribution becomes more
uniform, which could decrease the sites to capture the
injected charges or cause the charge de-trapping near the
interface. As a result, the imprint could be weakened.

4. Conclusion: We have successfully observed and
explained the impact of wake-up on the imprint behavior.
This finding suggests the important role of the metal/FE
interface quality in the reliability issues in HZO thin films.

Acknowledgments: This work was supported by JST- Capture injecte o
CREST (JPMJCR20C3) and JSPS KAKENHI (23K20951).
Reference: [1] MA. Alam et al., Appl. Phys. Lett. 114 (9), = KX . e e ® )
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(2024). [3] K. Toprasertpong et al., ACS Appl. Mater.
Interfaces 14, 51137 (2022) [4] S. Mueller et al., IEEE
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(asl gcycles imprint

10

Electric field [MV/cm]
Fig. 1. (a) Pulse sequence used to measure imprint behavior (b) P-
E curves for 10 nm Hf} 5Zr( 5O, capacitors before and after #. (c)
The relationship between the shift of coercive field (AE™) and

10* cygles imprint

th [s]

10°cycles jmprint

A /\ /Lme_as_urgm_en_‘t A /Lm%w@nlem\/\/\measucemem

Fig. 2. (a) Pulse sequence used to measure the relationship between
wake-up and imprint. The relationship between |AE. *")| and write
cycles after various #, in different HZO film thicknesses (d = (b) 10
nm, (c) 8 nm, and (d) 6 nm) devices. All samples were annealed at
500 °C for 30 s. (e) The relationship between write cycles and the
2P, value in the device with different thicknesses.

Fig. 3. Schematic describing oxygen vacancies redistribution and
charge injection. (a) Before cycling, oxygen vacancies are
distributed near the interfaces (b) Oxygen vacancies could
distribute more uniformly within the whole HZO bulk due to the

d charges g

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

field cycling. (c¢) During the holding time, charges were injected
from the electrode into the FE film and captured by the oxygen
vacancies. (d) After cycling, fewer oxygen vacancies accumulate in
the interface, resulting in less charge capturing and weaker imprint.

Liu et al., JSAP Autumn Meeting, 22a-A201-9, (2023).
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Frequency and temperature dependence of wake-up characteristics and physical
mechanisms in HZO ferroelectric capacitors
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LWz b, FZ T, AMLARRE WS /T R
— X EEANT D, 2L A 7 U T ORI
ZRLTEY, #lzIZ1kHz TlsDA ML A
REMCIL 102 A 27 v & 72 %, Fig. 1(b)THIE
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Fig. 1 Frequency dependence of wake-up.
(a) 2P—cycle plot at given frequency and

(b) 2P—frequency plot at given stress time.
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Correlative Behavior between Defect Generation and Ferroelectricity in First Application of
Electric field to HfysZrosO, MFM capacitors
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[BEEE] 9855 5EM: HfysZ0s0, (HZO)% H\ 7= Metal-Ferroelectric-Metal (MFM) % v /N Z (2% L, #x
WIDOEFEINT X > T HZO FIT KRG ER S EBERRFEN LT 5 2 & 2 8E L TE7[1,2],
ZOBEFREINERRIZB N T, HINERE & EXARHEO (LA R RFET 2 2 & T, Kifad4Rk &
HZO [EOsEFEENE & OBE 2 FHA L,
[ZEB] SEOERIILIEDOFIAIZ X 5, ntSi HpR EIZ DC A%y ZIEIZ KD TaN T &M 2 FEAK
L. ZDFEIZRF A%y ZIEIZE Y 30nm @ HZO @ ZHEfRE, & 512 10nm @ TaN M & 2K
L. 860°C ™ Rapid Thermal Annealing |Z X HBMLE 21T o7, D%, VY2777 1L RIEIZEK
V&R T L, Metal-Ferroelectric-Metal (MFM)& ¥ /X & Z 2R L7,
R L BE| B m—ELE PVIHIEZITV, ZOFETER L MFM v 30 ¥ 753‘3@%9%@‘%

/Tﬁ‘ EERMER LTz, ZHNLIEOFENE., A=V 7 =A% AZFINET, &POESEIZ
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SHB L BITENED LV BT ERTO A A — T om0V o 1120v] 0 12m0v] 0mtsmov
THA NV TOBEERIEEOLV E1ZF LT
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Fig. 1 (a)-(h) Sequential I-V of the MFM capacitor.
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[Z 3CHk] [1] Y. Morita, et al., Jpn. J. Appl. Phys. 61 O Roveme

(2022) SC1070. [2] Y. Morita, et al., Jpn. J. Appl. Phys. Fig. 2 PF plot transformed from I-Vs in Fig. 1. Dashed

63 (2024) 04SP53. [3] J. Frenkel, Phys. Rev. 54 (1938)  lines are fitted to the I/E characteristics of each voltage
647 sweep ranges.
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Ferroelectricity disappearance in ultra-thin HfO2 capacitor
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o 7aormns:
|9 p'Ge/Y/PDA

P & Ec l3FFEAMEHFE LSO T 2B ETHY, * 2 bty
DN FNTE R LT EIZ[1]. Ec (2B D BRI L )

|-B- PUHZOMang
|- W #51_TaNiHZO
& N/

f::%@@ﬂ?%ﬁ{?ﬁ TRELTCEXENSENL P OFEE <
PP PEICIER LTERT 5. Ha BB LTELT =21 g
L TR FERTHRE SN TS P, @1@%%%&@@%@: g
LTy bL7%z (Figd). (& A EHAITHBIEA 5~10nm
DEZATE—=7%FH 3nm LA F CAIRICHKLT 5.

MFM ¥ ¥ SV 22815 Pl ®H -0 OETH DD o
TP OB EHEIROE SN et X 2L > TIEH O Fig. 1. BN HIO, v/ 3o X2k
TWBIEEEZDYL PSIELOL DILARTHSH, L P2 ORI GO S i)
AW Snm LA R TIE P 3MBO T “vr — 7D LIEHKR 5. MR CIIEMOPELE %
WL EHNRLZEMICEBE L TWD, IAIRM@HNT5H, HD0IEESHZE HETI PRI HIO, D
THPRIER N R T AN X — BB T DHZETENLTWE R Yo b6 LWV I 72L&
WNEZBNDN, ZTNHIEET AL TRENRERLZZLE2EZ22DL FROEZ T T
ITHEFET A2 ONREE L. DITTIIRRDIBEANEE L THS.

BEN A& REMM Tl 105 REOHHEBEF2EATEY, —J HfO, ® P,=16 uC/cm?

L9 % LB D screening BEAT Poer 14 10'4C/em? & VN 5 Fm i &2 Cu C.  Cr
RGO CEMROE LMD R0 b nEBE 54, BT e e I
Fig.2 DX IZHF ¥ RV FETNTEZDLILENTELTHASD. - fau 9 dr
qL=qr >0) , Py + 4, — qIL(z q,R) =0, v VF] Ve
drL . 9re | qIr |
{ CuCre O A
DFED P EMERET DI OICE LT P lIT X Fig. 2. MFM 3 % /33 & 5[] %
o 4R T 0)%%%/{ Lo T%ﬁ% © 5 A‘A o= 10% o o 5 P =10 (uClem?)
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Fig. 3. V=0 (Z351F % HIO IZHIUIN S5 S, Ere>1IMV/em THEE HBROVE.
NG iﬁﬁeﬁﬂz iﬂ L/i\ﬁ 1g. ) I EER F cm o %

L, HFEEE ew £=5 LT v & Thomas-Fermi ¥T{ElIZHESWCEHE L7, Fig. 3 2" T L H 1
V=0 OFFIZTTIZE nm O HFO, (21E Ec & [F% 72 1 MV/em Z 8 2 2\ < EBRBEIIN S 0TV
5. TOREILUFTIE, “BUissaEENEE RO MFM #E CIaREricmis &ML L
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3nm A FIZEBITD PO v —7 KT & WEIT LD L 9 RARBERZR NI A A AT
WABDTIETIEZR2WTEA D Do,

[1] Tian, APL 112, 102902. [2] Mehta, JAP 44, 3379 (1973). [3] Black, TED 46,776(1999).
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B EEME HfO, ISP 2SIl L5 i2h

DN, ZDIREEAHEAEICE L TR LT 5 108

b DITESNE D720 Wb D nucleation- s o IR
limited model (NLS)(Z 56D < fi#HT 5> 5 49K D 0%} e
EolcxZ—1r45. 2OEEE JKD HI1] w b &

\ZH-5 % Tagantsev model [2]1T &L 2 fEMT 21T = 10} I o —
IEVIFEFEENLLTNDZ EHEU. 'z : -9 ApLzvta
KAI model & NLS model 23 E D FRFEEMAR I Lot / (1 JApzor0
HEDICH D EMAMSHTEEZ LD 10 —— <= csae
HfO, DGHH ZDOMTEZLDHLHARTH 5 —9~ [APL2020
%. L2 L Tagantsev model Tl /o< s> 55 1000 T2 3 4 5 6 7 8
WM THAHEETH Y (NLS &5 FEUS Eyx (MV/icm)
g;gz;; ;;;};g)’ b50 LlAx o5z Fig. 1. JyHSCRERE I & FIVINFE 700 B4R

HfO, O/ ERFEBRIZH 73725 TIT-> CIZR2m> =D THIZ L » TRk B 7 — Z
L7z, WIBIET R TH T ANV RIETITONTE Y, SRR & L TotRasy 50%5 s
L7 % tsw EEZ LT, RITZ < ITA WD EFUEERZ GO EREREND tww! & Fox
DR % Fig. 117, R AR THUL tsw T U RFEL R 2 ML OHEIZB W T 1077
<HBWZHBRLTEY, ZHUTHERD D OINBEIEE DA LR L LTO RC NN TND
EEND. RCOFD CITITHFFEMERED C B 272 TUXWT WD TH I AL vF
TEMD X ORIV TN OREITRS THLERD D, miEO&ESEAL v T T %
AUTEAERITY A X2 TRUTHERICHERTT 10 LW IHIFERbBEINLTND [3].

I TEZFEEZT, K#ETIXBRAML
WEZATHmMNED L HITKERT 5 DM 4x10°
HHT%. Fig.2 DX 52 tsw! & Eox DR %
V=7 A7 —)T7uay s LTHh. BADE
W EETIEY R tsw TR 20 tswlidB e lcur
DL tsw MO MBNH ERoTN EZAT
FFAENFIXIF E A ERRRL 2 BKER
BtEOLERMT 53T ThDH. ZZTHEHAL
T2OVDIE, tsw!'=0 & 75T % Eox 23 1~2 MV/em
LWV ) EcNIC B LV HTHD. ZOfE of e
13 Landau Switching (LS)D LA IZIL SR TH 0o 1 2 3 4 5 6 7
V4], i LY Ec AT OEE RAERIC B T Eox (MVicm)
HOREAIL LS IC K > THELENTWAH Z & Fig. 2. /Y HSCHRRE R & DR R O BE (Fig. 1 LA
RRBTLOTIEIRWEA I (bbAAY LS T THTHINRT Ry O ERE)

N—ED LS TIEe <N LS B A > N OBEIK
EEZD) [5]. AN EL 725 & domain growth mode (ZZLL TV (HDHWEI v 7 A
LTV ) AREMEDRERR D BLIRE .

2x106}

—@—EDL2018
—@—APL2018
—— APL2019
—v—JAP2020
—A— JAP2020

ACS2019|
—P—ACS2019
—€— APL2020

1 1

tsw ' (sec™)

[1] Kay&Dunn, Philos. Mag. 7, 2027 (1962). [2] Tagantsev, PRB 66, 214109 (2002). [3] Lyu, IEDM, 342 (2019). [4]
AFEE (2022 F, FF). [5] KRS (2024 &, #HR).
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AIN BB FZH—I2FHRMN L 1=2 8 Hfo.sZro 0. BEDEFEA B E DO FEM
Evaluation of ferroelectric properties on multilayer Hfo.sZrosO2 thin films with
uniformly doped AIN nanocluster
NAY Rz V7 hr=7 2Kttt OmEF B®, 0 B, XFEHE S #8E
Renesas Electronics Corporation, ©Takahiro Kono, Tadashi Yamaguchi, Kazuyuki Omori,
Seiji Muranaka,
e-mail:takahiro.kono.vj@renesas.com

[ixztwiz]
UTHE, HfO2 RO IRFHEMRHERENY, CMOS #lid 7 r & 2 & o fMEN & < . IKELE CEIErTRE/2 R
FERMEA T FZFMEE LTEWERZED TS, BITAFZEICBW T, HfgsZros0, (HZO)EH
~ AR S| OFREIRINZ XV FeFET OfFHEMESCRHE N T Y 03 8EmT 5 2 L 235 LT 5 [1-3].
—H. T ZADA =Y 70T LT, IRFEARIEDO EEA IS X 5 FRE MmO T EToH
%, Al HZO [ oin&EZ X 0 HEBICHE T 227V I =0 L(AIN)RR. 7238 A LT
6nm @ HZO 2 FE L, AIN OFINE S X OVRINEENT 392 78 oo finds K OVE & #i 2 it % 31
~7z,

[3=28%]
B 112, MFM F ¥ "o Z O 7 v —%Zoxd, FZF50BE(STI) L7z P+/P B Si EitlkZem iz 5nm @
TiN Z Bl U 72 %% ALD EIZ CIERE HZO IEOHERE & AIN OFETRINZ#: Y I L C 6nm @ HZO
2R L=, AREBRTIE, 1 VA4 Z7H7-0 O HZO FEDOREE A 0.8nm, 1.5nm 3L 3nm & L
TAIN ZRMU723AEHHZO 8 JE. 4 /8. 2 @) &Y L7z, £7-, 1[EI&H7= 0 @ AIN OIRINET 2.5
X 10%2~1 X101 atoms/cm? & LT, #IRIE%L 1X108~7 X102 atoms/cm? & L7z, EE&EMmRE L
T 5nm @ TiN A B L7 1%, N2 JRBHAC 500°C, 10 FPIZC HZO A fEffb L7z, H&#EIZ «-Si
R L, B EAR L ONEHALT =— VR ICEBM A /X ¥ —="27 L T Poly-Si/TIN/HZO/TiN/Si % ¢
N B EERLLTE,

[RER L EBE]
X 2 12, AIN ORI DR E 5 MR2PN %2 7R, AIN OFIMNEIND 72\ E SRR A K
TV, FoL LA 7 BT O HZO EORREE D ENE EFRRE R K&V, X312, AIN DR
WINEDS HZO 2 J& T 1X10%cm2 35 L UVHZO 8 J& T 1.75X 108%ecm2 Téh 5 HZO &2 =3MV/em %
FIN L 72 BROEHLEEU KT 5 Pr OBAU(= > T 2 7 U A) &R, 1% A 7 vH72 D 3nm THUE
L72HZO 2 g2 LT, 1 YA 747210 0.8nm THEMEE L 7= HZO 8 g3 Pr ¢ k& <. 100k
[t DI TTHIE S NSV, IT % HZO RO JEE AL 2 & T AIN 12 X Db s R s
R THE AR D, BERIMENRLS Rolc B I BN,

© 2024%F [SRYEES

30 2 HZO 8 layers (AIN 1.75 % 10" cm?)
STl formation - 0-HZO?2 layars I S R A A A I |
i_'r\?“g'a”ta_:fo” 25 - & —HZO 4 layers 5 0kbo000000000000,
Repeat I deposition —_ — ¢ —HZO layars 53 HZO 2 layers (AIN 1% 10" cm?)
HZO deposition E20 RN g 0
~ 3
(0.8, 1.5, 3nm) ‘S \\ . e . OOOOOOOOOOOOOO
= \ A
AN dope 315 N ‘\\ G Pe® ¢+ 200 0000eet]
HZO0 deposition o N - -12
A, 10 HZO \ < _15 " ) L L
(0.8, 1.5, 3nm) ~ s \\ \\\ 1 10! 102 103 10 10°
TiN deposition 5 “A S~ Cvel
HZO crystallization T‘-_‘_ Sl ~e ycles
Electrode Si dep. Te-a S~s . . ..
8 implantation 0 : e O S Fig. 3. Endurance characteristics
13 14 . .
Activation 950°C 1x10 110 of multilayer HZO film

Total dose (atoms/cm?) References

[1] T. Yamaguchi, et. al., IEDM 2018, p. 165.
[2] K. Maekawa, et. al., IEDM 2019, p. 350.
[3] T. Ohara, et. al., SSDM 2019, p. 577

Fig. 1. Fabrication flow
of MFM capacitor

Fig. 2. Remanent polarization of
HZO films as a function of AIN dose
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Electric-optic properties of HfosZro 502 thin films
on (La, Sr) MnOs/SrTiO3(100)

Nagoya Univ.!, Kyoto Univ.2, Tokyo Tech. MDX?,
Afeefa Dastgirl, Xueyou Yuan', Yufan Shen?, Daisuke Kan?, Yuichi Shimakawa?,
Tomoaki Yamada'-
E-mail: t-yamada@energy.nagoya-u.ac.jp

Ferroelectricity in HfOzbased thin films is attractive for applications in ferroelectric random-
access memory and ferroelectric tunnelling junctions. We recently found that the Y-doped
HfO- thin films exhibit the linear electro-optic (EO) property. Although the observed EO
coefficient was below 1 pm/V, which is one or two order magnitudes smaller than that of
conventional ferroelectric EO materials, it is interesting for the Si-integrated photonics as HfO>
is highly compatible with CMOS process. Therefore, the enhancement of EO coefficient in
HfO,-based thin films can be expected.

In this study, we investigated the thickness -dependence of EO property in Hfo5Zros02 (HZO)
thin films, revealing an enhanced EO response in 10 nm-thick films compared to thicker films.
HZO films were deposited on (La, Sr) MnO3/SrTiO3(100) [1] using pulsed laser deposition,
with the thickness in the range of 3 to 30 nm. As can be seen in Fig. 1, there is a partial phase
transition from ferroelectric orthorhombic to paraelectric monoclinic with increasing film
thickness from 10 nm to 30 nm, meaning that both orthorhombic and monoclinic phases coexist
in the 30 nm-thick film. The EO response of those films was characterized using in-house
modulation ellipsometry [2]. It was found that both 10 nm and 30 nm films exhibited evident
linear EO response, and the EO coefficient for the 10 nm-thick film was 1.0 pm/V, which was
larger than that for 30 nm-thick film (0.8 pm/V). This implies that the larger volume fraction
of ferroelectric orthorhombic phase in thinner films contributed to the larger EO response.

1.2
[ ] rc(10nm)
1 ° [ ] r, (30nm)
,;f 0.8 L]
P 3
B = 0.6
= =
2 =)
Ko .
~ 04
0.2
26/6 (deg.)
0
5 10 15 20 25 30 35 40
Thickness(nm)
Fig. 1: XRD 20 scan-spectra for 10nm(blue) and Fig. 2: EO coefficient ¢, for 10nm and 30nm-thick
30nm(red)-thick HZO films on LSMO/STO (001) HZO films on LSMO/STO (001)

References:

[1]Y. Shen, K. Ooe, X. Yuan, T. Yamada, S. Kobayashi, M. Haruta, D. Kan, and Y. Shimakawa,
Nat. Commun. (in press).

[2] S. Kondo, T. Yamada, A. K. Tagantsev, P. Ma, J. Leuthold, P. Martelli, P. Bofti, M. Martinelli,
M. Yoshino, and T. Nagasaki, Appl. Phys. Lett., 115, 092901 (2019).

© 2024%F [CRAYEER 100000000-129 Cs.7



18p-B3-9 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

CeO2-HfO,-ZrO, FE D& FRIFE & s FE 1 D 51
Lattice spacing and ferroelectric properties of CeO2-HfO2-ZrO:2 thin films
(REIEXE' TK#HX2?) OCM) THE MT' a1l FE', x4 B, BF —HE'
Wi fMF/F2 IS RL HE pbhFR2 AE &
Tokyo Tech.t, TDK Corp.?, °K. Shimonosono?, Y. Maekawa?, N. Chaya?, K. Okamoto!
Y. Inoue?, W.Yamaoka?, Y.Kawashima? H. Funakubo?
E-mail: shimonosono.k.aa@m.titech.ac.jp

[#S] HfO FEMFAE AL, 2011 EICmF BN RE S, CMOS Y ut 2 L OENERAIER
WO TR S S 6 mERE fRE 72 F - R Eh B e L COREPEE > T\ b, HFO, 5k
FHEMRIT HFO2-Zr0, X2 YOu15-HfO, %13 U 6d & 9~ D ik &4 22 4L R Coltah & (R IRVERL O 8 5511 53 &
ZRB, R, CeOp-HfO, IX)AV Y Cel(Ce+Hf) CHRFAEEMEZ /R L, i T\ 5 HIO, FATiiA Ik
DR TELA AL EREPRRTHD Z ENHEINTVWDHH, —F . YOrs5-Hf0-ZrO, Tl
Zr/(HF+Z0) DEEIN OB B2 T YIYHHF+Z0 D45 Z & b S Tnabl, ARl
T RCORM BN WA G E AT DB THERL S5 CeOp-HFO,-Zr0, A /ERL L, & Dk 1
T [EIR & sRaA B DR 21T > 7=,

[EBR L] REHT, #—47 » k& LT CeO-Hf0-Zr0, D BERE A% AV, (111)ITO(SNO2 #RN
INO3)//(111)YSZ(A v b U T EHEL Y v a =T R B KIF =F% v~ L —%—Z iz LA b
— P —HEREIEIC CERIRCIERE L 7o, plEEts . 23R IRPHAIC T 1000°C X 10 min O 5t CEVILEL 417
o7, TFR LB iR L OESFETHIIXZ 24, X #BEFT(XRD)HIE S L OriE-H4E
RP-EEIZLVITo T,

[BREBEZ]EONMETITXT{UIM M Lo XXV Y VETH D Z L AR LTIz, 72,
S hE-FBR(P-E)RIEIC L » CTHis BN 2159 Cel(Ce+Hf+Zr) X Zr/(Hf+Zr) DI £ - ThD L
SeATHFSE & AR OB 23R S 7=, Fig. 1(a)l Ce/(Ce+Hf+Zn)iT k7 2 E b E D duo DL
TR, H 5 PR O dio 1 X Ce/(Ce+HFf+2r)=0.01~0.17 D[] TR I LT 25 = & D3 & iz, Fig.1(b)
WIARBFGE THERL L 72 CeOp-HfO2-ZrO; T & JeATIIZE TH D YOu5-HFO-ZrO, FEEIZ I3 1T 2 1H 5 b
FD duo lZx 25 Py DEALE RS, CeOp-HIfO,-ZrO, I Tl Zr/(Hf+Zr) DM N CIE T FAE D dio
AR VAL R FEI ~PEE TE T WD Z E R MR I NT-, F7o. CeOx-HfO,-ZrO, 7 I Cix
YO15-HfO,-ZrO, {5 & LLie U CIAWE T et FH O duo TIEFA BN HELT 5 2 & AR LT,

[Z%&C#R] [1] T. S. Boscke et al., Appl. Phys. Lett., 99, 102903 (2011). [2] J. Miiller et al., Appl. Phys.
Lett., 99, 112901 (2011). [3] J. Mller et al., J. Appl. Phys., 110, 114113 (2011). [4] K. Hirai et al., Jpn. J.
Appl. Phys., 61, SN1019 (2022). [5] T. Mimura et al., ACS Appl. Electron Mater., 5, 1600, (2023).

[BFRE] AT ZE D — 1%, BHF 2 (21H01617, 22K 18307, 23K 13364) 35 L ONSCER R A48 D Yk 14 X-nics
PERAERL AR (PJ011438) B LT —Z Al - I ~T U 7 AR T e = 7
¥ (JPMXP1122683430) DBk %52 F7- 6 DT, ABFZEIL. IST SomE F Lk R AF7e HEte
¥ (ASPIRE) . JPMIAP2312 DX #EA % T 7= DT,

0.368 F " YO, s-HfO,-ZrO,
25¢ >
0.366 F o CeO,-HfO,-Zr0O,
= '
w 20 o
— 0.364 - a .
E E = Ce0,-HfO, ZrO,
— 0.362 F = ‘E'IS &:Zr/(HE+Zr)=0
g = o * W :Zr/(HEIr)=0.25
= 0360 F * £ € A:Zr/(HEZr)=0.75
. :Zr/(Hi+Zr)=0 o = 10f TS
B :Z1/(HE+Z1)=0.25 e N o 2o/ Zrr=1
0358 ;‘ 5 v & YO,--Hf0, Zr0,
A:Zr/HF+Z1)=0.75 = T e e ]
0.356 | @ Zr/HEZD==1 4 = Ze/g
0.00 0.05 0.10 0.15 0.20 0.361 0.364 0.367
Ce/(Cet+tHf+Zr) dy;o (nm)

Figure 1(a) 110 lattice spacing of orthorhombic phase, dii, as a function of Ce/(Ce+Hf+Zr)) ratio in
Ce0,-HfO,-ZrO- films. Closed symbols is orthorhombic phases. Open symbols is a mixture of monoclinic
phase and orthorhombic phase(b) Remanent polarization (Prg as a function of duo . Data of
Ce02-HfO,-ZrO; films and YO 5-HfO,-ZrO; films are shown.
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7259525 72— )Lk B ALHfO, BEND#ES1E

Crystallization of Al:HfO2 Thin Films by Flash Lamp Annealing
o—fi BER Y, AAF HEHE L2, REER RESE 2, BRIR VEII L, RS B, ORIk BE
hnfg fE— 2, =] 152
RN RS D BEUSHE SCREEN B a v F 74—V ) a—v g v X2
oT. Mifune!, H. Tanimura'?, Y. Ueno?, H. Fujisawa', S. Nakashima', Ai I. Osaka'
S. Kato?, and T. Mikawa?

University of Hyogo! =~ SCREEN Semiconductor Solutions Co., Ltd.?
E-mail: €i241023@guh.u-hyogo.ac.jp

[Faw) FexlZ 77 v 29077 =—/FLA)Z W T, Al(6%):HFO,(HAO) IR D kAL
IZHEDfHACTE 72 D, BEIC FLA IXE T RO AR L, 2Pr 2\ E&E 570 L, HAO #
H%@ff*am‘ bIciE L7-BVLEE CTh D 2 & 278 L7, HAO B0 2Pr 13 Al #LEK(=Hf/(Hf+AL))

{z&sz RTA Tl Al FHR 2%f1UT T, Fic K 40uClem? 2345 T 5 2. ARAFFE Tk FLA
RLERIC X0, Al FHLAR 2%0> HAO EIZ T 50uClem? 2 #8 2 5 K& 72 2Pr 215 7- 0 THE
?Lé

[5E6&] SiHAk 2 TINVHAO/TIN A& D ¥ 3> # ZEf L7z, HAO MR DOEEIL 10nm
&L, ALFHARIZ 2% & L7z, 400°CIZ TR S U723 2, 800~1000°C, Sms C FLA ZLEE L 7=.
b & L C 400~800°C, 1min @ RTA ALEE $,1T 572, 7235, FLA, RTA & 12 Ny FRPHS CAL
PRU7-. fESAME LB EM 2 N2 GIXRD & P-E JlEIC XV 35 L7=.

[ 5 & #22] Fig. 1 12, BVLEERT% O HAO MDD XRD /8% — L Zord. BV I
30.5° BEON 35.8° fHTICE— 7 NENT-. TIEIIE ST f/IE )T bR KOV 7 /A
HAO 2%z L, FLA 3L RTA 2LV HAO Mfss b L= Z &35, Fig. 1(b)iz,
v 77T RaEkRE Lz 30.5°4HE0 HAO ¥ — 7 OYEKRX %779 . FLA ZLBIZ L Y, RTA
LTV — 7 BREE DK 55%HE M L7=. 2Pr 1% FLA T 56.3uC/cm?, RTA T 253uC/em?> TH 5 Z
LEEFEZDE, BEHROEREEGNEZ - LIk —VEOHRKEEZLND. £
7=, EIHTF1E, FLA Tl 30.77°

L, RTA @ 30.65°%L V0 & EAA (a) HAO HAO  TiN 800 (6)

iz 7 FLTEDY, HAO & o/t ofm 30.77° W

BB RIS AR LT dpAWJ\ e

BT LBl EEBEE & T E | s08s./w

O FLA LB TIE, TN BHEO 3§ sotc 1min \ g 400

FERFIS N A ER ST~ £ |- ;

HAO #EIZ 515RI& 1 23HIM d )

END T ENEMMA~D 7 26 28 30 32 34 36 38 40 42 44 5 30 3056 31 315 32
ZHE L, BT MmO 20 (deg) 20 (deg)

e =, otz B Fig.1 (2) GIXRD patterns of HAO (2%) films annealed by FLA and RTA and

NCAY el % z 5 5. (b) HAO peaks around 30.5°.

[ k]

1) FEEF BEST M, 55 71 IS B SRR RN 2, 25p-1BI-4, 2024
2) M. H. Park et al., in Ferroelectricity in Doped Hafnium Oxide, Eds. U. Schroeder et al. (Woodhead
Publishing, 2019) pp. 49-74.
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BB RT v X VERWEZ HIO R OET U v 7 Okt
Investigation of modeling HfO: crystals using machine learning potentials
RRAEEDT ! K d.lab?

D2 K tHE . /HE IR 12
The Univ. Tokyo, °Yuki Itoya, and Masaharu Kobayashi
E-mail: itoya@nano.iis.u-tokyo.ac.jp

L BHY : HIO, R EIR(FE-HIO,) 1%, CMOS DO#GHL 7 1 & 2 & DBEAPEDS B 55 BE D> &
BWHNRAEY ZRBTIMEE LTSN TV D, 2 E TICE - FEFEEZ HW - HIO, DET Y
R 0 RERMORENE L N — 7 505 O BRSO H O BFR AR ST & 72[1-3], HFO, SRR EMIL
ZAEm COEAMEPBEINTEY . FBHORKE T 10200m BE L SN TS, TOXHRKRKEWN
AR CIHEFHOH - FHFECHHAERNZHAENRECTCH D, T2 T, fHEAWOEVWRT Uy
IVRHEL oy R I X VB L2 = R VX — R T > v Y VIEI(MLPs)IC & X 2 2 5 2 & TRt Am
AR T 2 FIENRE SN TV D, RIFE T, B7E AT v v /L FiEE LT Pickard H 232 L
7= Ephemeral Data Derived Potentials (EDDP)% W\ TET U > ZZITV, FERFGA—L 2TV 7
15 L O BEIAR 2 FEAm L 72 [4].

FEREEBR . AT U VY VETADOFRICHNDLT =250 v b A7 RRe) e EDRT A —F %
RO, =R X — D ZFEEPEHFRRERMSE) A A~ T2, ZHUC K Y T —F AT & RMSE 23
HU, By M7 HRRIE 5.5 AFEEE T RMSE OV BRI 72 DR 2137, WIZ, £ 547 EDDP
WX LT, 74 N RERWCHHEZ1T>72, £9. RMSE i W77 — 25 ehhy N4 7
BRI 24T UWMERL L 72 orthorhombic AH(o-H)D HFO, D7 #+ / LRy RZR 11T T, ZOFEEND
NI A—=Z DRI LY 74 ) N RTERAX—=RNA L R0 REE L RDE DML TND
TENTREN, BTV T OZUENRN LT ERHERINTE, EHIT. BZERT UV v LR
T EIC LN EDR EERTREREGTL, BONTCETVICLD T 4/ 3 ROKEE O
D=, EIBEEIEDETYO 7 4/ /3 K& EDDP O 7 4 J L3y Rl Lo (& 2)[5], = Dt H
7% orthorhombic A DK T F /L F—IZEB W TIDFTREDOFE R L B —&H L TWD Z LAVURENT-,
L7~ L. tetragonal FH(FE)NC DWW TR =R L F—{IICB W T R -8B A 57, ZIUIfERRL7-
MLPs |3 t-FANZET HIRAELZ L E TE TV ho7m 2 L 2R L T 5,

F & ORI R T v %L & LT EDDP % MW\ HFO, g DET Y o ZI2Hon T, %4
RIGA—=B LT3 ) N RHEOZEHER L OKE L OBRRERNZ, TO/RRT—%%. 7> b
FT7HR, FEHRT UV ABNEETHDLH L ERLE, £ LT, ZOFELHIO, O OfE &
HEAETH DN, TR TOMIMHAEZFIT D MLPs OIERICITFEE T — # R0 FIEOWENLE

Thd LN Increase in the number
SRR X7 of training data
AE . AR 1 43 RMSE 36 e\{ ‘ . ’ ‘ RMSE 34 eV _———>  RMSEB8.7eV

T L7 b
vy 77/nR
=Y 2—
va v AR
Ktttk TS
I AV
v 7T bl 3 S A A A
7, DB AE ZCYIZDB T AE ZCYIrzZDB T AE ZCY
References: [1] R. . . .

Batra et al, J. Phys. Fig. 1: Phonon dispersion of o-phase HfO».

(017, 121Y. zhou stia. DFT Hf02-0, mp-685097 HfO2-t, mp-1018721
Computational Materials EDDP: Rc=5.5 L A

Science, Volume 167,

Pages 143-150, ISSN 800 - / ] § -
06370256, (2019). [3 (a) AL — % ‘ E

N

Energy (meV)

Z7 s v N < E ;
M. Kobayashi et al, ~ E ? .'ae!; j T :
Nano Convergence 9, 50 '_l' 600 — “‘—)’»—?“g | _—
(2022). [4] C.J. Pickerd, —_— e === ===
Phys. Rev. B 108, — F\
014102 (2022). [5] Fan, —— »
S., Singh, S., Xu, X. et al. — E=77\

npj Quantum Mater. 7, 32
(2022).

2\

DN

r X Sy I z U R T Z
Fig. 2: Phonon dispersion of o-phase HfOx.
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7ZEILT 7R HIO IZH 1T HEEDILEL

Diffusion of oxygen in amorphous HfO2
BHERXI !, BRXEH? M)FE B it BN, HiK @22
Univ. of Shiga Pref.!, SANKEN Osaka Univ.?,
°Yuna Motozu!, Ryusuke Nakamura!, Takeyuki Suzuki’

E-mail: on21ymotozu@ec.usp.ac.jp

(B HW] 2xY o/ > T 10 nm AT O E ¢ b A B % MElr © & 2 MR R
INTHY, HIO, Bt 3B )1 e fitifio—>TdH 3. HIO, DIRFBE M L E ST fiiE % b DHER
EMICHET 2. —ikIC, BELEHIZTTEAL 7 7 20ME LI VSN S, MR 7T e xR
AFFHCBWTT AL 7 7 A HIO, (a-HfO,) Dt X LB ZH O 221035 2 & S EHE
TH 5. AW TlE, R EIC—fk% a-HIO Wil Z FRI L, —RA A v EEMHTE (SIMS) 12 X
D B OEFRORIHHILE 7 0 7 7 A VEMIE L C, BEOILEUREEZ IRE L 7=,

(2B k] @R Ry 2V v 7% E % Ao CEEH 100 mm O HIO BEREAR X — 7w b & 2%
vy&aL, vVav (Si) ERICKELZ., FAZVEN% 0.7Pa, EEEHE % 150W & L7z, K
HEFREHWCT, ERIEE%Z-40°C LATICRFFL 72203 )

5, BEE 100 nm 2 HER L, —BEATEL T 7 2% * o '
B, TAIFEORICEEE AN T 7.0x10 Pa LA i
TICHER L, B5% (1%0,) #H AL T, FIEDREICLR
FFLZZBWRIFICHAL CPMT7T =— &L 72, 1°0, %
PR L <, HEH 18 OREFRMAEEE (180, %EA

LTI T =— v L7z, BBFEDOETI% 1.00kPa & L 7=,
7 = — o EHE % 300°C~500°C, KR %
1h~96h & L7=. SIMS ic X Y #5EGE Rl 0 180 o E iR
I 7a 7 7 A A EHEL 7.

it 5 & 252 Fig. 1 ICILEGREHC BT 2 RS o =
RAFVBET O 7 7 AND—flZRmd. YT =—
M X o TRE D 160 23 180 L 5cfa L, B £ 2 5
X TTMNC B0 DBENAA TS L7z, B0 DiEfE % %
FOMIBECHRL T, B0 DEE ¢ £ L7, Fig.2
400°C 96h @ 80 DEE T 7 7 4 VBT, AR E
YRR DRI D — % Z e L 72 3 2B 0 R 57
FONX[ZBEHAT 2 LR L 51Tk Y, KiERER
B L PLEURECE HE L 72, 300 °C ~ 500 °C 11T 2 %
FOIEUREIL, 3.0x 108 ~2.1x 10 m?s! 156N
7. D Ofilx HIO, DREHD O & D Th 5 Hphh
BT BEEREDOILERE 21X v b 4~5HT/h&wv. Th
X, 7ENT 7 AP OIS LEMF OHILELL D B

Si

Intensity / counts s~
s |=
o |0

10

1 1 L I L
30 60 920

depth, x / nm

Fig. 1. Depth profiles of secondary-ions
intensity in a sample annealed at 300 °C

for 48 h.
20

c/1073

10

2 Annealed at 400 °C | 1
O As-deposited
— fitting curve

0

0

20 40 60

depth, x/nm

Fig. 2. Concentration profiles of '*O in
a-HfO,. Open circles and triangles
correspond to an as-deposited sample and
a sample subjected to diffusion annealing
at 400 °C for 96 h, respectively. The solid
red line indicates a fitting curve of an error-
function type equation to the profile.

EWE W FFRIEZ R LT 3.

[1] J. C. Crank, Mathematics of Diffusion, 2nd ed. Oxford
University Press, New York, p36 (1975).

[2] M. P. Mueller, R. A. De Souza, J. Appl. Phys., 112,051908
(2018).
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20a-A41-1 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

F/ZANEY FRFEOHOMBERE - Sl & ERmFHRAADIEA
Nanodiamond Quantum Sensors in Biological Measurement:
Material Design, Control, and Applications
QS TEF4EM' RIXEGREL’ FEARMAEL’ FLARE‘ °CIH+EAEES
QST!, Tokyo Tech?, Chiba Univ.}, Tohoku Univ.%, °Ryuji Igarashi'>*

E-mail: igarashi.ryuji@qst.go.jp

B —8iE. BT E U ZITERT S 2 8T WER - AL T A —
B E D TRV RS CIRET 2FHIEIIN ChH D, T TH, ¥ A VEL FidH O 1
KMaO—FETh 2 %EHR-Z2fLH0 (NV B2 —) (X, WIRFEETN T, Lab T/ ¥4 XOfGEEH
THEEICHEET D2 &nD . ARNBUNRROFHIME AR S T ORI E R 2 b 72 535
AT & U CAEMBIER IR CIERZED TN D,

ZHVETOMET, Fexldt / EF =% o CARTHIIEIR OB IZIB N TN D0
B2k 2 BT, 72 & 2, Fa TR T Snm OF ) A YEL REHWZ&T
T —OIERIC R TRID TRE L7 [1], 2L, JERRIECAER ST/ XA ¥E NIZE
TR A IR U BARRALEE ORI b3 2 HiTic KX 0 3R S A7,

Fio, T/ EFECY—OHEAOIIRICHLEERL TWD, ik, NV B & —%2 TR
HTEZDIRRESRS 0 EOWE T A= RN TN, T/ XA vES RREDERE
FEITKR U CTREE DAL HERi AT 9 2 & T pH FEO(LFRIR N T A =2 % ) T A LEHIIT 5 2
EDARBIZZ2 o 72[2], EHIT, NV B ¥ — LB & O —~ VAN Z 3koc T/ E—
YarhTyXUIERTAZET, FIEAAYEL RET =T L L THOTN10 mm IZED
BN B Gy P REE AT DR T A RRE T S Z ST b B LT2[3],

T ld, NV o ¥ —ORMHSEE2 KIgICH LSS M0 B%E L&, Zohx, Ay
VBRI S BOEEREA~T o A A VIRHICEA L0 TH Y . ZHICL D RS BT 5
THERNICHESND Z LR NV B X —DHEEOH 2 BRIICHRIE TE 2 K 512725 72[4,5]
ZOFEL, EESB T RICHONONDRET v A B KIEBICEEE LT A mHEE LT &
GUERD Ay TV A < —i7e EORMZEr~DIC R ST 5[6],

AGHEHE CIL, AMBRZ2ERST 57200 /) XA vEV RETEVY (T2 &R Y) DX
FHEIGMICONWTIRIT 2, T, 7/ BEFEUHOEAEEICOWTEHI L, BEDEMRS
FRUET D00 PGt E REEREREE R, 72, ST/ BETRVIBED LS Rt
FHINCIG A S D h, BRBIAZZZ 2 B BRI T 5, RIS, MRANRUINREED Y 7V 2 A L5EHHI
R, A= I ORBERL R EEZRY BT TETHD.

[1] Terada et al. ACS nano 13, 6461 (2019). [2] Fujisaku et al. ACS nano 13 11726 (2019). [3] Igarashi
et al. Journal of the American Chemical Society 142 7542 (2020). [4] Igarashi et al. Nano letters 12 5726
(2012). [5] Yanagi et al. ACS nano 15 12869 (2021). [6] Miller et al. Nature 587 588 (2020).
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SEREFLOYAFT/ FAVEY FAOEFREHN €22 —HH 2
Electron Irradiation NV Center Formation on Nano-Diamonds for Quantum Biosensors
Part 2
ST BEFHeERIRMR L 42—, OSTERFEMRPEMEMR? OFE Ez 2 Bk B2
It+E R KE R!
QST QuBS !, QST QLMS 2, °Hiroshi Abe!?, Kiichi Kaminaga?, Ryuji Igarashi?, Takeshi Ohshima!

E-mail: abe.hiroshi2@qst.go.jp

BT B e LT NV(ER-Z)Z2BDE0tT / #4vE2 F (FNDs) O&EsnE ko
R ZHED TN D, AMBIRIZ L FHE S DM/ NEEZ-CHIRaTE I S R - BRNEL
DR ZIER LTI AERNO A A=V 7Rk U CBEIC S~ AR & & b Icfic Dk
VI T ERB TS, TS EFE - IO 0T X 0 SRS A A RNV
YH—NVO)ZEANTDHZ LITMAZ, A UREEDENT- FNDs FEE A RO DN TR Y | @t -
e EE AL FNDs JERIZ A1 C BRI & O D 1% O BBLER S D Sl L F2E 2 HE D T D 2],
AAFZETIET ) # A YT RIND, FERIEE 50 nm)iZxt L 2 MeV EF-HR0 RS — FEiL R
EEIRBEIC L VAERLL 72 FNDs [22DW\W T, ST, NV -2 & ODMROEH LRI

% dip DR SWEE Ehi L, AT/ Bt oY & LTl 7 FNDs B SME2 BT, iR
Fe—Z—MAL RN OEFHRBRNZFE L, FICRIIC IV IBR S KiEE 900°C FREEIZN
UL S 2D NV JBAZ ST, EIRBEHIREE NV RO 72D OBUWLE 7 1+ 2
EEMET HIFETHY ., &R/ KRB ) 7 s U CRIBMENC B b 2 & o ¥l % A
P, RBICRKKRSFMAH 575°C 12T 3 RFH OB Z fiid = & TRmDORILEEZRE LT, 2

MBS T NVC 12OV TT 4 PRyt oo o

CAPL : L—F i 532 nm)EhHL ek RS o {§§RT e

SEIE(ODMR)IIE L C dip RS ZHE L, Hix DR el @ ls = @ b

BRI OV THOETRIE 72 5 NS dip TR EIT K s o _

Dy SRS OV T OB & T, N centerformaton
B 2 OB THRIBNE— Kot e R, | HTimadiation

HHD NV &2 4 — BRI 2 4\ FoR IR T2 o —

K[IBLALFEZ LT FNDs & L7- DA E i (HT) B /“Jhiéés

Th B, TN LETHRIEFEOBNC L S NV W center formation

iC SN TR S Fig. Schematic diagram of two different modes of

electron irradiation (HT/RT)

(&% 3R]

[1] K. Kaminaga et al., Non-contact measurement of internal body temperature using subcutaneously
implanted diamond microparticles, Biomater. Sci., 2021, 9, 7049-7053, DOI; 10.1039/d1bm01187a.

[2] B2 M, ERE TR FHAT ) XA Y RAOBE RIS NV £ 2 —JBAk 5 84 [A]
B KT AT 2 . 2023 42 9 A 19~23 A, REAIRA—/L (FEAT - REAIR)

© 2024%F ISRYMEZ S 100000000-181 Cs.8
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T/ 8A4VEY FHON RLZERAVN-ERERS VT
Study on magnetic sensing with high sensitivity using NV centers in nanodiamonds
RAEWH' RRRXEVEVE2—2 EWOCM)#L Eih' BR ER'
AE Eth 'L FN EE BK FES, @R B-° Et+E fEed K% B2
ICR, Kyoto Univ. !, CSRN, Kyoto Univ. 2, QST? °N. Kamiyama', M. Fujiwara',
N. Moriokal%, T. Nishikawa!, C. Suzuki®, K. Kaminaga3, R. Igarashi®, and N. Mizuochi*?
E-mail: kamiyama.naoya.62s@st.kyoto-u.ac.jp

[ R] ¥4 vEL FROEZ-ZANV)TOLIIRETH FOREF AL ab — L R

(1) 2F LW, Ste~A 7 vz 7ot dtns (ODMR) 2R3 % 2 & TR a k&
FE o E LTSN TS, FiiC, NV HLEETe T /) XA YT RNDIE, AEEREE NS
VN, RIEERIA WIRE, ZERFEIE, FOENTZIEEN S, MU NEEIZ ST D5t 3 &
LCHEINTWS, 2008 42130 30nm O ND FOE— NV 0% V7= R AC)ES 7
DU BB 0.5 uT/HZ? LHRE STV DR, | AROBEMNFEET D
(TR 0T FRE TH D 7200, WD SIREENZR SN D, mREALICI3E % O ND Hic
BEND NV O AT Z ENEHELEN, —FTELERNVIEILOERTZHE, REOKT
EELSHED, TOIZH, ND OFBEEICITRRED NV ORW T OWSLAMBE L 2D, 4
B, Fx M AR L72 ND O NV bz VDT, @ OB O 28 2 272,

[=BrEs L OWER] F28r CHIW7ZRIASL T nm @ ND I EAFCRI%E Sz b o, FT-HR IR
REEMZH L TWD, 20D ND OAFBEIKEZ I /3—H0 7 20 T, BREESE, BN
SR TR Lo, AMIEREYS & 1 ZIE AT NV 2 F5 O SICk L CL— =K O~ A 7 m %
ML, X1 DX 9 7% ODMR A7 ML zfgiz, & bIZ, Rabi #RENAIE, Hahn-echo HIENS T
wRDIz (42), w2, AC BEGIIE D DREGRE 25K -, R TIE, HIER R OFEMIZ OV

THwET 5,
1.01 : : : : 1.005
1.00-
z 2 1000
2 0994 2
S 3 0995-
S 0.98- S
T T 0.990
A 5974 ;
0.96 : : : : 0.985 +— ; : : .
2750 2800 2850 2900 2950 3000 0 2 4 6 8
MW Frequency (MHz) Evolution time 2t (us)
1.ND ® c¢w-ODMR | & 2.ND ® Hahn-echo > —7% > A & & fi5 5

[#fE] AHF%21%, MEXT Q-LEAP (No. JPMXS0120330644)D %2 % 5% 17 T{Thi 7=,
[23%& 3R] [1] E. D. Herbschleb et al., Nat. Commun. 10, 3766 (2019). [2] J. R. Maze et al., Nature 455,
644-647 (2008). [3] L. T. Hall et al., Sci. Rep. 2, 401 (2012).
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20a-A41-4 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

3 RIT~A7uP kiR 2 Az
FIF A NIRERRIEZ DI
Using a 3D Microwave Resonator
Nanodiamond Temperature Measurement and its Application
FLKX BB ER
O BRE, FkKER, HIFIEE
Okayama Univ.

Hiromu Nakashima, Keisuke Oshimi, Masazumi Fujiwara

EFRRMEF N KV IRIET HHaEMET XA vE L REND) T, Skt e & ~1 7 m
Z W T2 R SIS (ODMR) S S v, Znva VW= & -5HlAM Thiu TS, ODMR
BT EEIER & RIS, JARPH, msRE N —Ze~ A 7 uiRE AR b5, ZhE
T, VA7 R L U Cix e b OIS S L, Frex bAEKRREHZ T e 7 A F v
TR T T TR L[], L LR, 2L OETlE~A 7 nilES b AR
ufudr SN WHIERH -7, 207, NHFHICHG RN TR EZ RS, B &1
NEV T HND 3WITHIRERITFHR A 1TEH L TX 7= (Fig. 1(@)), TNFETIZ, ZTD3RIT
T)JE ORI 21TV, FND BUADO & FEFHIZ vIEEIC L7z [3], LarL., AESHICE N
F. SR E R O A2 R ICAT O B OB ODMR =22 b7 2 bl EEvnd 25D
EM’?T LTW5,

Kﬁnfi 3 o HHRAR I IR E e S A AR rT R 2t 2 B A L, o 7L O lE
AEZAIC K0 A C 2 HRE RO HHESCHBMEOER T 28O Lz, 2k b REFHE
TEWay b7 A2 RO ODMR GHHINITAD L9272 o7, 51T, ZOHEEE AV TR
H7E L(Figl(b)), 0.93 ® ODMR = k7 & N &R L 7= (Figl(c), s CILEERIE i
DWNWTHIAT 5,

ARFFED—HBI%, JSPS (20H00335. 20KK0317. 23KJ1607.), JST (JPMJIMI21G1, JPMJAP2339,
JPMJFS2128), NEDO (JPNP20004), AMED (JP232zf0127004), Jifi MO ZEZZ1T7- 1
DTI,

[1] K. Oshimi et al., Lab Chip 22, 2519 (2022).

[2] E. Eisenach et al., Rev. Sci. Instrum. 89, 094705 (2018)

[3] T& 5, & 70 BUSHWE SR T RS, 16p-A408-14 (2023 423 H 16 A)

[4] Nakashima et al., manuscript in preparation.

(@) (b)

2.86 2.89
Frequency [GHz]

ZiF(EE8mm)

Fig. 1 (a) Schematic of the 3D resonator. (b) Fluorescent image of C. elegans(c) ODMR spectra within C. elegans
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20a-A41-5

KERIGFAVEY FRETTELS
NRYERYTF42TON 242 —%#H AL EEEREN
Analysis of band bending in hydrogen-terminated diamond
using nitrogen-vacancy centers near the surface
TMHE |, ERE, BB BRXEY REKXES
OfgiH RE 2, #E B4 WAENS A 24 NBE RS
NIMS !, AIST 2, QST 3, Gunma Univ.*, Tsukuba Univ.’

IJ-“:I I‘#I?% 1,5

°T. Kageura!, Y. Sasama?, K, Yamada3, K. Kimura®#, S. Onoda3, T. Yamaguchi'-3

E-mail: kageura.taisuke@aist.go.jp

IKFEREIG A A ¥ ROREE FICHERE S NS p ORI EE L, RHDIRINZ LD @
(RER PENICREDN O NT =2 LT hr =7 ARE AT A AP STV 5D,
ZORBBEOEIL, KRHPOGFOXAYEY FRE~SOREIZLD NTFT AT 77— F—F
V7T AT RIICHIA SN TE 2, ZOET AT, RETHIZBIT D3 RRUT 47
FIFAYES REREWRENDF (T2 872) OMEFRERECERSNDEEZ LN TE, L
DY UARBFE T, @R L NV By —) 2R Lt FEIc k. Rm7 7 &7 4
BRENN RRUT 4 T ORERER E R D568 52 L aW LN LT,

la B{001} A VEY RIZ, £2L5EEE (107-10%cm?), 10keV TEHRA A EAL (CFY
RE=15 nm), BVLEE (1000°C, 2h) (2L > TNV 2K Lizth, 77 A~AUEIC & 0 KFE#&GE
TR LT o T R U T, SR SR % FV 72 PL JREE « A3 hOVERI & YR R LR
(ODMR) {EIZ X > TNV B ¥ —OEMKEBOIENEREERGELZTAMT 5 & & bI2, 20T
FHAICREEEEZFME L7z, 1 DX OIT, RRBE LKL OV 7L TIRRIAIRERE DOH
K& NVORBEORBNFERE (=1x102em?) OFEABRBETEL, ZOREv2 L —T 4
YH— e RKT YV UHRRICE SV Y I a b=y a bRk Y AEFEEEETIEARL,
1102 em? FREDORE T 7B T HZEEIZ L o TNV RRUT 4 7B SN TN D Z PR
AT, ARHFZED B A DA B KA E R L OMRRE T 7 & 7 X EENE D EJE
BAXEL RT AL ZADOBELEMEMITICKRE SEBT 2 2 L3 i S LD,

1.0 0.08 ————rrrrrr 18
s (@ —— NV() (b) l 14l (© |
0.8 - —— NV(O)_, = e Sample A a ®
L] o NV(+) / I 006~ m SampleB 4 ~ 12F -
AN / 17 ke
0.6 N\ /= E o - -
k=] \.K_/ .\ ’_/!‘\\ [/ E ‘© 10 .
T \/ - T 0.04| 4 = o8k -
g oal / ..__7_:.‘_{./ .-— 1 £ 0.04 ’ 3 0.8
/ AV Q e
/ o \/ " (] s 06 —
o2 * A * 2 e g 04 '
'd /./ o g r s 1 5 T 7
\ N o L -
0.0tk"""’“’“/ w ET 02 .
ool R NN T 0.00% Py L@l | OO_I_J_J_LLL_HT_._I_J_..L_IJ.i
10" 10" 10" 10" 10" 10" 10" 10" 10"

Nitrogen implantation fluence (cmrz)

Nitrogen implantation fluence (cmrz)

Nitrogen implantation fluence (cm'z)

X 1.(@)NV &> 7 —OBEMIRAE, (b)ODMR 2> h T A b (c) RIAAZE DAL R LR
[ 3Cidk] [1] F. Maier et.al, PRL, 85, 3472 (2000). [2] T. Kageura et.al, arXiv 2310.17289 (2023)
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20a-A41-6 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

T oH 2 TILN I & BB BRI RESR &R
Low-frequency AC magnetic field measurement using ensemble NV
FRESRITHMR T2 RIEKX® OFk X' # 5 a8k 7', HO FR?
M BiE, I 2L ERR ERLET MES K% B2 RE H4&
Sumitomo Electric industries, Ltd.!, ICR Kyoto Univ. 2, Tohoku Univ. 3,
CHiroya Saito!, Tsukasa Hayashi', Kondo Takumi', Hiroshige Deguchi'? Yoshiki
Nishibayashi!, Yutaka Kobayashi!, Masanori Fujiwara?, Hiroki Morishita®, Norikazu
Mizuochi?, Natsuo Tatsumi'

E-mail: saito_hiroya@nissin.co.jp; tatsumi-natsuo@sei.co.jp

BAYN TREFAEVRIGETRAEVZIRET 5 E THAOERDEAINATREL -0, fF
[SEEEVHRAEADTAVYORENEDH LN TS, BREEEETERLEZ7HY Y TIL NV
(12C B#EY > JIL) T&EHE Ramsey 5% 175 & & TIEAEK (50~200Hz) . KiRMFEHAZET o1,
Ef5E Ramsey % & [F—H&A974: Ramsey & —4 V RIZEWNT /2 NV AEDOKBZEEDEIZEE L

“EHRIFETHY . MV ORBHREO IO YRR EICE TS E2 O XY RO EEREFRRE
EITIKEFT 510, XRETAMNFREIZLE S,

KRR BE 1 uT~InT FTEFHBAILEZESARTISRTLSIC10uT ETIEHBRRELAKE
KEBITONTFIRIBLRELL LI BEN 0T ULEICHRZEREVA XY ARTELDE—
DEBEHECHETREEL, B2 D& ICKRBEBMNFY -F-FEnf=RBIZGot=, 7>
BTN TREIUTILN EEGY, 3 DOBMMBETHRBINS-OBASNLKRIL 3
DDREVEBNER SNIZERICHE T, CNOERKRZHET LHEREIE 3 I24Y., 2H
FT74 VT4 VTFRIIODVTELHRET 5,

09075

09670

| 08965
T — = 0.9960
- I N — Y E— // 1 — 09955
— i : 0950
09945

0.8940 T T T T 1

4] 5 10 15 a0y 107
time, =

Fig. 1. ZZyicksé St 10uT Fig. 2. ik 5t 40uT Fig. 3. I OENTHER (FHR)
[RHRE] ABFFEIZ. EB0FIC MEXT Q-LEAP(No. JPMXS0118067395)D 8% 51 CTi1/e »7-, %
7o % UL K2 CSIS @ CSRN O KB %% 1) 7=,
(1) E. D. Herbschleb et al., Phys. Rev. Applied 18, 034058 (2022).
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FANVYEY FEFEUYICE DX RBIBMAHEDOERGHEILLS A—DVT

Imaging of Submicron-Scale Continuous Variation in Phase

of AC Magnetic Field around Micro-Circuit with Diamond Quantum Sensor
BERFET !, BEK CSRN 2, FRHT 3, ¢ KF /<4

OM2)RFFHEZE 12, BL)NI7R 12, flhfE—ER 3, fEEBIL 4, T - 12
Keio Univ. !, Keio CSRN 2, Chuo Univ. 3, Kanazawa Univ. *
°(B4)Fuki Otsubo'2, Takumi Mikawa'-2, Yuichiro Matsuzaki 3,
Norio Tokuda*, and Junko Ishi-Hayase -2
E-mail: fukiotsubo0918@keio.jp

5 - BW)] &£, E17 4 20/ AL - RIS X o THEREIEE O EHIL - F5 ofEst
AR, HE - B HEREEE o T3, FAYEYF NV P LOETFRAY VIREZHWEET

W vy ik, =R N CEKE - SRS EREE AT 52, CCD/ICMOS A A 7 OFFIC XY 2
RICHEGA A =V I TE 5 2 00, WliElEEA 2 — L DHIED A REZR £ v & L CTHAfF X
NTW»5, NV HFLE OB ORRESGHITE, =¥ —%~4 7 v o 7 v 2 8HE
L 50, AL ClRE A Y v ZEHILIE T oIl & 115 RF-Dressed IKFEN21% W T, i
{72 CW-ODMR I X 2 (il [BI#& D i 0 IC 43 2 RS OIRIER & & i, #EiEmicZbs 3
MDA A= v I L 72D T3 5.

[iE] Figure 1 1< NV BlICEE R ERES FIcB 28 ALY Y (§=1) O3V F—HEME2IR
T, IAAF—MERREIZ, R VEBRE TR0, +10 ZEHIERE |0), |[+1)0@EREGDE TE
XN (IB), ID)= (J41) + |—-1)/V2), =4 7 viiic X 5T |0) < |B), D) BETE 5. 22T,
|B)-| DY H0E 9 2 RS RFw % HINNS % & BEGIRIRICLHE] L C|BY & |DYD = 4 L F —HEf
DAL DICHET 5 HNBREDENICL Y 2 NL DM ZHIET 5 Z & T (CW-ODMR), i
RF DHEPEDTZ 5. X HICHIEXN R & [A] U A O S WA KES: R % RIRFICHIINS 2 &,
RFr & DOARZEICIG U CABEDOIRIES X CHZUEAZALT 2 720, (AAESTIEEE 72 5.

[#5R] Figure 2 WHMHIEIEE (L/S : 1020 pm) 2054 U 2 Rk (14 MHz) ORIE - (A A
—YERT. H 770y OEERSREET uT 4 — X — ORIFHEISGIRIE & i o 2 Kootk %, fi
fifi7Zs CW-ODMR CTHUG3 5 Z Licy L7-. F#EK T, HlllElg LI RE#ERE 2z ® A L7, KV E
BRo [l IR 2 B L 72 S fE CofE I oW T b iR 5.

1290

| y=——= ccamp.] phase| E Tl ) (@)
'-//‘) 42
o {2.89
RFmr i 4 N
~MHz . [ g
[y =
e — (-"I ’ ~ ¢
I — ww + R o 25
0) 100 098 096 —

+RF, +RF. PL Contrast (a. u.)

ZH9) Aouanbai4 MIN

N
®
®

Fig. 1 Energy level and ODMR spectra Fig. 2 Images of (a) magnitudq and (b) phase of AC

under electron spin double resonance. magnetic field generated by micro-circuit.

[#EE)] A iF Eo—3F 12, & #F 2 (No. 20H05661, 22H01558), Q-LEAP (No. JP-MXS0118067395), Ei kAT
ZEHE (No. JR-MIPR1919), &RABA T oY =7 F 2022 DXEEZ T TThhi. ¥ KRBV
Wi FRRA SIS L B 5.

[1] S. Saijo, et al., Appl. Phys. Lett., 113, 082405 (2018). [2] T. Yamaguchi, et al., Jpn. J. Appl. Phys., 58, 100901 (2019).
[3] Karl J. Hallbéck, et al., Proc. SPIE. 117004A (2021).
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EEHRICART =25y 2R3tV FL—2—I2& D
FAL4VEY FEFEVYOBREL
Enhancement in the Sensitivity of Diamond Quantum Sensor using Flux Concentrator
toward Magnetoencephalography
REIX' SM)E —#', B0 EX! 5B 2! K3H BT’
Kazuki Shirota !, Naota Sekiguchi', Takayuki Iwasaki!, Mutsuko Hatano'

E-mail: shirota.k.ac@m.titech.ac.jp

. N = | (At =
ERWTEEA Y'Y RETE UV OARBE G~ > \, / —
JISHAMRER ENTEY, FWAERESZET 5729 -2 ,:5%11 5 o
CHBIE OB T DR TO B BREETFED 8 :ﬁfnj%yx —

N
—-> & L C, flux concentrator (FC) (Z & » TIE 5His % ':|>Z._.E ==
.. . . 25[PD] 1.0
i%gﬁﬁé (%Eﬁ\?\j‘é) jj¥£7535{?)5[2]0 %:VC\‘Z':E:F%EVG 3Magne‘“cﬂux . Diamond
\ ) 7 v DD R E S[heN z o o _—
X, NEWITH D T v N OREEORNE Z HBYIZ, FC | 2 E]l,ﬂ. \\\
R84y RETEU Y ORBENEZIT2> T 3 / AN
= ‘ Rat brain ~
%, v . T e
Fig. @27 =74 k (MN60) TS L 7= FC Of a@ﬁé Source
K2R T, ROIERT L2720, TRENDET Y (p)
~ bt oA & S 8 L C FC ket L7z, 1 %t FC DfH §120 _
) = w!th FC
NV B Z2F0I A YT FERBELTHAVE T | —without FC 5
L RRTEL L LTEIES ¢ FC THRRE LR Y 2 68x2y.By , "
WET 5, ZORICK LT A VEHOT RSB, & © i
ZENL., BERAER Img = —1) & |mg = YORFOE— & *
CHENEENE L (Fig 1), fBAmMLE— § ° bt
FERGIE N B EE L2 FC 72 LOREDOY¥ —~ 4 2dE § ’ 0 0.05 0.1 0.15 02 025

(2.Bo, . = 28 GHz/TIZREAHIEL) 2 LTV 5, magnetic field B, (mT)
W L7 P U8R FC 72 LOEA O/ 5E & Fig. 1 (a) Schematic diagram of FCs.
2 LERBERNGIR T EMRITN TRHETH o7,
ZHCERY ., EEL THER ETE L M TE D,

AR THH LNV B 2 2G04 A YEL RO
TERUT, W - BPEMITIEREE 6 L OV 7R P ELITIT ZE BRI 12T o TV e 72, ARBFZEIEC
BRI c BT 7 v 7Yy 77 7T A (Q-LEAP) JPMXS0118067395 DBk 517 7=
LOTH D,

[1] N. Sekiguchi et al., Phys. Rev. Applied 21, 064010 (2024).

PD:photo detector LPF:long pass filter
(b) Zeeman splitting width as a function of an

applied magnetic field.

[2] 1. Fescenko et al., Phys. Rev. Research 2, 023394 (2020).
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HERERE G RIER A 78 R~ 7B NV B X =T L—FR T D%
Development of Micro NV Center Array Element of Diamond (MAED)
for Measuring Brain Function Magnetic Fields
B AEF' HEXFE?
ORM T, B EFXER!, FH TAER HE X!, ME FZ! B RE!
RIKEN Center for Advanced Photonics !, Tsukuba Univ. 2,
°Noriko Kurose!, Kotaro Obata!, Shintaro Nomura?, koji Sugioka', Satoshi Wada!,
Yoshinobu Aoyagi!
E-mail: Noriko.kurose@riken.jp

AERBERE DRI O 72 OIC IR EECIT 5 MBS REIIE 5 1E I3 FHEEG). MGG (MEG) . HéhE
ARG SIS IR IE(TMRI), By 7 i R (PET) 72 E3 b 2, £ O CIMMRRTEBEIRHIC IR 2 5
BRUEF L L b x5 MEG ZmWofiEe 2 Fi b, IMRI B} & A DO THIEEIOREIZHW S
NTWD, MEG & HWW 7 IdHRTEE) O ST E i SQUID DFFDORE S TE Lo TWiod,
FRMREEDOLY L D O L0 EELWERIT SQUID O/ REETE DS LD EHRBR STV,

Z 2 THox . SQUID & AEDRBIRE S b oF A TEL RNV £ 7 —2 T, EoREE
JR TS I E 361 DB 2tk T, 1 DBIRE S, SQUID & [FFEE DREGIEE 285 > T\ 5
&, MIEMN TOREDTZORFORE SF 20 m AiE THHZ &, F1527T L—IRICIERT
Bl DR RINENRTE D2 L, FRBETOUETHDHZ LD A4 RTHD,

ZDOEMERDOTD, T2 b ML —YF—E2HNTEATEL RNV B Z—DWE % LT,
Fig L lZRT LA TEY ROBERFGNEZES & LIZEEKAERS 52 L TNVEZ—
MO OTREFN A CIADENR L, EEUE - S22 TR B0 Mg ISR 1)
A% L7z, Fig2 ITHRAIERDCER N TORKOH CIADRZ R~ (ERITER K L,
FITER IS V), BRI O K E S 15um~25um U5, £ & 250um T7 L —IRICEE TE 5,
F S FRRE R FTRESIE D & A F X 7 723 HORAUE, AR RIS Eh & 5 W TR 7 &
DR OB E OFEMP AL TE D L5112k D,

B X
R AR
P15~25um
D15~ . e
25 — ;;;ir{-/r
250pm 1
1
s MR L RN S Y
ARFENVEL S — I Bk % R B ) B ESIInmO L —F—TNVEL S —EBEL, NVELY—hbLORARESCCDTIE, MR
i - RIC Lo TRAFMESHREERED EAoTWBILN DD
ig.d Fig.2 §ERVE M BED G I LS5 A TE RNV e —206 D6 B D H O

AEE AR MM, BRGEESAE MR M, AP HAR I, A E TR
REUH ] OSR 2320) . SEAERRT « RS EIR, B HTERY: - ke, BET
FERF - MERSBRICTIREZHE £ L
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FA4VEVFEFEUHIZED
1) A — MILVERTORES RS REEDRSE
Simultaneous multipoint measurement of magnetic field at a millimeter scale interval
using diamond quantum sensors
RIK' ZKRK? NIMS:, QST °FH EX! £AXH#A !, BA EX' EFE H2
BN AZE A0 @3 Fih #z° MHA B KB R 855 F2', RSFH BF'
Tokyo Tech.!, Univ. of Tsukuba?, NIMS3, QST4, °A. Yoshimura!, A. Kanamoto!, N. Sekiguchi!,
C. Shinei?, M. Miyakawa?3, T. Taniguchi’, T. Teraji’, S. Onoda?, T. Ohshima*, T. Iwasaki', M. Hatano!
E-mail: yoshimura.a.ac@m.titech.ac.jp
A YEY FROEFE—225L (NV) FLEFHLIF A VES REFEHIE, BIR TR
WEAT Iy 7 LV TRUMES EIETE 5, ZRLLDORENL, A YEL FETFECHIC
D ERESFHI OBIZET DO TRV [1-3]. Fex O 7N —7"TH/NEIY) OIGEIRNNE 2 3 T &
T2 [4] Wakss 7> & PTE B 2 HEXE 9~ D 1 IRBAR B D ZERIT I\ TR i 2 I E 3 2 BB D 2,
L LBRTIE, Br Py ROREERVA 7 n PR EOBERIZEY . I U A— MG
DEHFR TS 2 SR I RIRFRAE T 2 Z S L vy, AWFETIX. T v b OIMBERIREZ mifs
Z HAEIZ 3mm RO 2 K CRIFFCHESG ZET 54 A4 YE REF 1 P OBRRICIRY HAT
Fig. L ICHIERZRT, F—DE o~y RNIZ, @iEEEETERKR L (111) XA vES R
Z 3mm [FfRC 2 IR CERE Lz, TNENDOLF A VEY RIZMEL S 5320m O L—H—H%
AFFL. NV FLNDORGOEEE 1 DOV 5 M4 A 4 —F (PD)THRH L7, FRFHIORA >
NM3AE 2 DZA Y E 2 RIZR—OAA T A2 A 7 BT ZERBNC AR =72k 2 Hm L <
WRLBE— 7 2 iS22 Th D, ZNODRRELICHIBE =27 IZHIET 5 2 DD~ A 7
o R A B 7R 2 R TR I BT BT L. X U A — ROLREIRR T O 2 RIRRHANE 2 FIEEIC L7z,
—HlE LT 200X A YEY FIZHWNAHOT A Mgy 2 HIIN L, 3 mm OITEERETZNZ N ONE
28T DR [RIRFZHE L7e iR 2 T (Fig. 2). THENONLE CTHRIE U725, Fim L7z
T A MG & —B LT e, BUE, BEERS, KV ZRTHET 570D ZIT-> T D,
AW SCHFEE S - B REY 7 v 7 vy 77 v/ Z 5 (Q-LEAP) JPMXS0118067395 35 k&
OY JPMXS0118068379 DEIpk 23211 12 b D ThH %,

M M 400
/ \\diamonﬂl 200 /\\ /\
L M i3 mm—’D y
Y N
\/ \\/ v dlamond1

2
diamond2 pp

- / /M -400 diamond2

Magnetic field / nT
h
o
o o

laser 100 125 150 175 200
(532 nm) L Tlme/ms
Fig. 1 Experimental setup Fig. 2 Measurement of test magnetic field

[1]J.F. Barry et al., Proc. Natl. Acad. Sci. 113, 14133 (2016). [2] K. Arai et al., Comm. Phys. 5, 200 (2022).
[3] N. Sekiguchi et al., Phys. Rev. Applied 21, 064010 (2024).
[4] A. Yoshimura et al., The 84" JSAP Autumn Meeting, Kumamoto, 22p-A601-11 (2024).

© 2024%F [CRAYEER 100000000-190 cs.8



tyiary 2024 FE35EICHAYMEZEMETEMBER

CSOA—F2xT7EyIary | MKty a2 (AEHEE) : [CS9] 65 KREME - EXE, 75 RF - N FREL
CE—LBEHREMOI—Rr> 7

[16p-D63-1~ 17] CS.9 6.5 REWE - RZ. 7.5 RF - 7 FRELUVE—LE
EFEfhod1—F> 7

[16p-D63-1]
LEED B & T XPS IC& B Au(11 1)EIR LD Fe304(111)5E0E 0 5T

OFBE I, Z2N%3 702, 25 BA. AXR SE". WH &X' B ER. @0 (.
L ABE1E)

[16p-D63-2]
INSb(11TMAED AR VERICHEITI-SnZAEEDEE

O#E #t'. 705> 7> +7—31, BRWWLE) BRRF (1.6kELEA)

[16p-D63-3]
AT ERAIRAg/ Gay 03 DEMICH S BFRE & RIGHE

OMNEN| M. /NI Bl R 83, ik #HF2 (1.2KRI. 2.8 AIMaSS. 3.JASRI)

[16p-D63-4]
EARE A UGIEIC K B2ZnOSEEDABHFLIRIE

O/ #hfst!. B8 L. MM TR PR BB (1LIRARERT. 2. 48ERXK)

[16p-D63-5]
SiEtR EB20-CoSITBEND T EX X vILEZDRRE

ORI &2 ik MAS, LT M4 i FE12 (1LRABRERTI. 2./RAOTRI. 3.BRABRI.
4. FERRER)

[16p-D63-6]
4D-XPSZA Y RLE w T F—HADNoise2NoiseT / 1V T LK DL EBRBREERIESE /NS X —
X DOEEEHE

OzH B+, & B2, FH K. =IRE T3, St =4 854K B0, # L ME°. Hig S350,

IR EES BTEBR (1.oIT Y243 o0>., 2.5P8H—E R, 3.X9VA. 4ABEFHi%E,. s.BEEE
K. 6.B878K. 7.MREL)

[16p-D63-7]
BEEZDFRCEFERC OBOEEER

OfFR 3b='. TR BAL Kig #20 L0 EEA BRE (1L.EERIIATL. 2.NTTYEEBH -
BMC)

[16p-D63-8]
RUT)E) 7O VIIBREERFIRKRLEDRARG

O%MR &', BEHF AR, kLT (1.EEBIIATL)

[16p-D63-9]
T/ EBEFEFOEFIRBOBETZXEADHRI

Ol Ef" (1.5 ABRT)

[16p-D63-10]



tyviay 2024F E 3SR A EBFEUERMBER
E(MFERREICEITZILY bOYAT YT Y JRIOREE : ATy TBLUF 2028
tﬁﬁf@frﬁﬁ

Otk =1\ AN &R (1. =FEART)

[16p-D63-11]
ILFILTIODRA NCHEHET SHMRTFLOBRERTREN

Ok sh—". ‘/& ! (1._RALEH)

[16p-D63-12]
/eraEGa':F'Au GaB & iEEHREBIRDEREF X7 — ILAFMSO T

O—# =\ RPLEN. HE B\ FHE &'\ £ #2) (1.7AKRI)

[16p-D63-13]
0.2%Be-CuMBlz VWV CBEEERESICKL 2BERER C AEINT

Offt X\ k4K BEZ EE M EEZ RINGENL BE BR2 AR BRE3(1.ZEAFE. 2ERE
FHRARH. 3.RIELKF)

[16p-D63-14]
B-FeSi, A7/Si¥ TILEF R v ~ DR L ERPLEE

O%IR 78, =k BBk (1.8 KRI)

[16p-D63-15]
ZEBIMbTF R > OREBRNIE DR RT

TE X2 A% A1 Bl FE2 BE SR OF LRY(1.RAAR. 2IUSAEREL. 3.4
IK. 49FH)

[16p-D63-16]
HBEENOD FRE TR EININOD 7 F 2 —EEITIO,(001)KRAICH 1T D RIG

ORsEr A1, £ BER2. AT Et3, 2H &= WE ¥—°. S =K AP EZ2(1.771VE
SIVIREIUR—, 2IRARERT. 3MEEARI. 4. RFHHEE. 5.58IK)

[16p-D63-17]
—ERPER& b Loop AL ZERFEER b Loop BO RIGF R T ¥ R: p-Si(001) & n-Si(001)FRE D LLER

Ol Hx'. TM R NIE—2 B #2131 BEFHA%E. 2.8FKF. 3.RILATF)




16p-D63-1 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

LEED & & WX XPS (2K % Au(111) AR L D Fes0, (111) FEE D 54l
Characterization of Fe30O4(111) thin films on Au(111) substrates by LEED and XPS
JEXRBRE OCM)BRIH, R/\F¥3 FUX, M)BEMAK, M)XAREE MDEAEX,
J\BER, REMA
Graduate School of IST, Hokkaido Univ, °Eko Ishihara, Agus Subagyo, Shodai Iwasaki, Takao

Okubo, Hidehiro Jonai, Eiji Hatta and Kazuhisa Sueoka
E-mail: ishihara.eko.r6@elms.hokudai.ac.jp; agus_subagyo@ist.hokudai.ac.jp

~ 722 A+ (FesO4) 137 = /b X MERTITEEIT A B L ARMREE-100% D B IR BB EE A 4+ 5 N —
TAZNTHDETUEN W BERAETVREDAL Y ha =g AT NA AREA~OIG A DR
ENTWD. MgO 7 E 2 VW TRERTE X 3V v /L FesOa EIEN G LN DM, @B e wifr
A5 (APB) MM E LD 2 & RRMMFEKICE 2 A U RBEDIK T E0NfETH L. &K
M A B AR IZ B TIE, FesO4 (00D)E £ D D AEAEWE SIVTNWD 2T S 2 s I
T 72 GRS 3D B AL TN D B3 JFLF R A — L D 22 A5 fiRBE 2 Hr S TR L7 0D A B IR GE
FAIRBEO AN ATREZ: A © U ARMAER R b o 3O VEEE (SP-STM) |2 & % FesOu(111)2 i O F A
BRI, ARUFEIE Au(111D)IEMR E D FesOs(111)ZEmO/ER A2 By & L.

Au(111)Z [ _ETi, Fe M4 fE 35K OMBUZ LV FeO X° Fe,0; DIERUTITE 523, FesOs
FEOERIINEE & STV B, 250°C LV &R Tl Fe 28 Au JEHICIRITIAATLE S 2 &
AREER L 0 K< TWh 20300, Au(111)Z i O Fe BB bW OVERIC BT Dkt 7e ST
RN, ARFIETITE OFERIC DWW Tz, £, Au(11D)ERE Art+ ANy Z 36 LOVNEAC
L VIEEAL L7z, HABGREE 200°C, BRRIEDHAH (2278 7.7X 10" mbar) T Fe %) 0.1nm/min
DL — MTEEL. 507 Fe BBb OFERKIEL FeO Th
% ZEIEXPS LV otz S 5HI2200°CTOREFREFHRH
DINENZE 30 43[4 Z 722\, Fig. 1 12757 LEED [El#frfg ks L O
Fig. 2 O XPS A7 h)L LV Fe;04 (II)BEFLND Z &0y
Do TBl X HIZ400COERMNEA B Z 72 5 &, XPS A7

Fig. 1 LEED patterns
RV DFREEMNTH Y, —FBD Fe A% Au FEARPICIRITIAT Z & 23 (a) Au(111), (b) FesO4(111)
o7,

References: —— Aoalod G200C ‘ "

Annealed @400°C

[1]. A. Yanase et al., J. Phys. Soc. Jpn. 53, 312 (1984).
[2]. Z.Zhang et al., Phys. Rev. B 44, 13319 (1991).
[3]. Y.S.Dedkov et al., Phys. Rev. B 65, 064417 (2002).
[4]. M. Kurahashi et al., Phys. Rev. B 81, 193401 (2010).
[5]. A.Prattetal., Phys. Rev. B 85, 180409 (2012). W/\'«
[6]. X. Deng et al., Surface Science 604, 627 (2010). : s : s : .

735 730 725 720 715 710 705 700

[7]. H. Fuse et al., Nanomaterials. 9, 198(2019) Rinding Frare(aV)
[8]. W. Weiss et al., Phys. Rev. B 59, 5201 (1999). Fig. 2 Fe2p3 XPS spectra of iron oxides

Intensity(a.u.)
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InNSb(IMMNA LDR 2 R UEERIZHAITT= Sn BBEEDEE
Influence of Amount of Sn Deposition for Growth of Stanene on InSb(111)A
JAIST OfEE #t, 7Y bD—X J85VX, R (LUA) HEF
School of Materials Science, Japan Advanced Institute of Science and Technology (JAIST)
°Takato Yokoo, Antoine Fleurence, Yukiko Yamada-Takamura

E-mail: t-yokoo@jaist.ac.jp

AL FAATARX (Sn) JRA THER SNZJEIE LTz = D28 5 Roehkhcd v i
R TORT AU R—VHROFEANPHFINTNDEABR, UL, ZhE TERMICAZ X
YO BRI TIE TR ENTZH LA X X OBEFRBIIE LN TWRY, ZOJRKFD 1
DELT, AF R URERICHER L7 R E O AREASIZE D EEZ AT Sn ENER S L7
ZENEZOLND, ZOMEEMRRTHFEL LT, AYAZ R UACEWVENKEFEREHT 5
INSb(111)A FEMITHE B L7z, AWFFE T, BRFMFOT THRHITHRRFO Sn 785 &I H LT,
INSb(111)A FEMR _E~D A X R VR BRI ORF 21T - 72,

AEO RS HTIE,. Omicron MU & E 22 E A 7 m — 7 BAMMER
(SPM) ¥ AT AN TITo 72, InSh(111)A F:ARi%, 0.50 keV @ Ar A
FrTANRy Z Y o7 L TCHRBIUEZERE L2, 460 °CTT =
—VEAT D T & TRX )RS SMBIE S iz, £ O A =R
fRo7=F £, 1050 °CE THIEA L 7= Sn % 0.124 ML/min TA#E L7-,
ZITEH, BNAS R OEFEE TH S 1.056X 10" atoms/em? & 1 8
ML &EF% L7, Sn 745k, {KHE F#EYr (LEED) TE=%1U »
T URBOREE T == Ui, £ M RVEBEE (STM) Bl
BB FCH T AT F v TN T T T, of. 1.86 ML Sn after annealing

Sn % 0.62 ML Z&A5#1Z 400~450°CTT =—/LF 5 & (XM £ 20 min at below 300 °C.
(A, TSN TN DAL AT FERZ FFO =0 A\, 5 V. 1= 50 pA.
FHNEIZAHT DARMILO B A A AREPBIEE S 472, Sn & 1.86 ML 7874& L7244, Fig.l D X 5
\Z0.62MLZZBRFL R CH A XD KA UHEIEEL LV RERT A XE2HT D R AL AEEDTERK
SNTzy YA ZXDRRERRFAA T, a-Sn BB DOE SO LITER S TR Y | INERR O R
L L BIFOEm ST T 2R R oI, —F, YA XD/PEU R AL G, B
ORI & EBICEDOMmBEEIER L, 0.62 ML ZERHIIL TRV K A o UAEER B ST,
ZOERFERIT SN ARERERE LI LT =— 175 Z &12X - T, InSb(111)A EIZ KAEFED A
BRI ESIND D 2 & ZRBEL TN,

[1] Y. Xu et al., Phys. Rev. Lett. 111, 136804 (2013).
[2] S. Balendharan et al., Small 11, 640 (2015).

Fig.1 STM image of Sn on
InSb(111)A  after deposition

[3] C. C. Liu. H. Jiang, and Y. Yao, Phys. Rev. B 84, 195430 (2011).
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ALK ARME Ag/Ga,0; DFEIECHSIBFIRBL RIGHEEE

Electronic Structure and Reaction Mechanism Impacting in Catalytic Activity of

Artificial Photosynthesis Catalyst Ag/Ga.O;

#ZRBEL !, #KIMaSS? JASREE OMDE)I gEsb, /I &Y, RHF B3, Mok =& 12
Nagoya Univ. Grad. Sch. Engg.’, Nagoya Univ. IMaSS?, JASRI®
OTakeshi KOTOKAWAL, Satoshi OGAWA!, Akira YASUI, Eiji IKENAGA? 2
E-mail: kotokawa.takeshi.i4@s.mail.nagoya-u.ac.jp

1. #R-HY

WA, Sefihic X 2 NLHEBEIEOEFICH T MR BEAIITONT w2, 2ok, BLYEEE Ga:03~D Ag 7/
KT (Ag NP) HFf& UV BSHC X 5T He - CO OAERED A LT 2 2 L3RG & nzll —ikigic, ikt codE
NP $H$FFIC X 2 gt o iy BB i, FUH %l U ORI ¢ AN IR Ui E 7208 NP IcBBI 325 2 Lick 2
T CH 2 e EZONTELPE L, COBRBEIO A7 =X LEH S 2

hoTHbLE, MICHHICERT 2 REilc s 2 ETREBCMA 2R Sy, oosf B —
% 2T, AWi%l AgNP/GaOs RITOETRIELFML, [HBBEME > kHEE 5 | aswesne
D AN=AL] b [CO BTICHMb BG4 b #ERF 2 L2 AME LR, 218
2. R go.oz /
AgNP 85 (0.6wt%) Ga:03 %W 7 5 X~k (SPP) WICfEBLL 7=, iSEEHN 3
I UV B FcoREAERB A7, = bic, B XHEETHH (HAXPES) &0
%O T AgNP & GaxO 0 RE O TARIE D EHMIE % 7> 7. b i & .

HAXPES DIl &, KA BRAK & W LML G o SO O B 20 IR e 5 62205 AB0 W)/ G20,

(DOS) @l x 7=, Z & T, F—JFHE#HE (Quantum ESPRESSO®!, WIEN2KT) 1 AgNP #HfFic X 3 itiEuE
12X 5T, WEHE S X OSSR E 5 L7, BHEICIE GaO3 1A T, Ga-OH
#6255 3 GaOOH & Ag-O-Ga #4745 3 AgGaO, DR HENEE 7 1 % i\ 7. oot |

3. MR- #E R ¢
UV B8 P HEREATC 1%, Ag NP HBREO A IEIC X > CKRA GRS 2 (512 1 L A\

= (K1), Zhid, Wik Ag NP/Ga:0s RIESHSG L TW3 2 2RELT
bié. K 2 ic Ag NP {HEF o L FRIS 03 872 2 Ols WA~ 7 P Ul %,
ICEME DOS # 2 nFHRd. K 21cB T AgNP HH{%FR] (Dried) 25 ik
ﬁi (Burnt), F6#% (UVwet) 12221 T Ga-OH #&% Ag-O oo+ 2 c &
Dbino =B Fi 13K E, %% Ag NP oXRmERILEEz b3, & ICH
2 ORIGHIREETIL 535eV HEICH 72 Mok & CBME N7z, 2O Ga
2p 32, Ag3pspe DAY P UICEWT D EHRMMANCBLN X 11, 2% AgNP/Ga:03
Rio Ag-O-Ga #ir LB L 7. ZoRMmMEAETH S Ag-O-Ga [ 2%, X CD

Normalized Intensity [Arb. Unit]

| | 1 n |
538 536 534 532 530 528

PR A =7 b A CRERINIC B X nr- C L 25, Ag-O-Ga OFE& IR ILE /A sl nery o1
HEOEATH L EEIONS, ILIEFHHEOKE (M3) LY, Ag-O-Ga B 2 Ols HAXPES A~z i
DRI X 2HEEMH - KIEAHEHES Ga.0s DSy F¥ v v 7HICEREh, D

BB A Gaz03 2 & Ag NP ~DFiRET OBENICH S L, Ag NP 297KHEERS A + viver 4 [
CLTHRET 2 AN = R LB EE L 7=,

$72, B TH A2 FATIE, Gax0s & EHRE & OHIKT 10eV T e 14
eV fHEICHHE R ERPR b7z, DOS Ik > T, ZoffiErHoZLizEic
KT e DMEEATEL 52-0H ERE cHkTzc ez /AEL~E (K 3,
GaOOH). -OH HEW i IENB A~ L Cd Ga-OH ofia e LT3 (¥
2). ZOWHE-OH #28 CO BRI Il THREAMETH I LEZLNTE
D, CO223-OH % & KJiE LT ¥ W7 & o piffi~0 &L 2T COIRITLEIND &
WO EDBRIBINTW B, 2o kb, Ag/GaOsic s CidEEEY 4 + % -

Calculated DOS [Arb. Unit]
= <
% =

-10 5 0 5 1
b0 G037 COBRIEDIEMES 4 b+ & L-CHAET 2 TTHEME 2 R L 72 e e e
AT o OFHlIc oL TRET 3. R 3 B—JREFHIC & 5 DOS Mt
E= 3N [4] N. Saito, er al, Thin Solid Films, 518, 3, 912-917 (2009).
[1] H. Tatsumi, et al,, Langmuir, 33, 49, 13929-13935 (2017). [5] P. Blaha, et al, J. Chem. Phys., 152, 074101 (2020).
[2] N. Ojha, et al, App. Surf Sci., 580, 152315 (2022). [6] M. Uenuma, et al, Phys. Status Solidi B, 257, 1900368 (2020).
[3] R. Yanagi, et al, ACS Energy Lett., 7,1, 432-452 (2022). [7] D. Hariharan, eral, /. Photochem. Photobio. B, 202, 111636 (2021).
[4] P. Giannozzi, et al., J. Phys.: Condens.Matter, 29, 465901 (2017). [8]1Y. Kato, et al,, Surf. Interface. Anal,, 51, 40-45 (2019).
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EARE A rHIAEIC X 2 ZnO B O BERHERIE

Manipulating thermoelectric properties in ZnO films
by controlling crystal orientation of Al2O3 substrate
BRABEERT 1, BEERK2, OD)/MAR ##', BHEP &L HHE ER? H# 5!
Grad. School of Eng. Sci., Osaka Univ.!, Shiga Univ. Medical Science?,
oYuki Komatsubara!, Takafumi Ishibe!, Nobuyasu Naruse?, and Yoshiaki Nakamura'

E-mail: u838364f@ecs.osaka-u.ac.jp

[F& - BB]  BiE, BEAAER A EEAHRATRERBEREN loT BV AERE L THER S
T\, BVEZHERN EICIE, BVEMEIOHNRET (SPo;SITE—y 7R, adERUsE
) OHR, BVRER (1) OREASLETHD[1,2], ZNE TR, BVEMEI OISR
[, BIAARBEMEICH D Zn0 IZHER L TEZ[3], 7L ZnO OEEIFIEO R EFNI LAY,
ZOMRRIZIIRE RIZODEMNFET B, TIUT IV 7 SEEHFA DR RS IR 23 32 72 SR &
LTEZOND, 7L Z B ICIZER A A CBIRE, R FRERF-0%e e & o s R, Bz
IR T U H MCIE L, MRS ZTER L T D 7ed, 2 b 0¥ v U 7 OFELREE
BEICRE S BE 525, —F., ZTNOHEOBELHIE TR .S T L, MhEm E
FRORFEITEE LV, & 2 TARIZETIE, mAHMA RS ALOs Bk b (c . r ) (2 ZnO
R LTE, FAL UFEEDOIIR L BVERE L OBRE LT 22 2B ET 2,

(BRG] BRI, 2V A L — W —HERLEE 2 7o, AR LT oo, r-ALOs il &
2B L, FEBORE 560°C T ZnO #EA AR L7z (L —% =& 193 nm, /~/L 2 8L
10 Hz, =R/L¥—:60-80 mJ), #febidi&atlicid X AR EHE (XRD), EiBE S (TEM)
RV, By ZAREGRIEICIE ZEM-3, FEURFIERNE 12 B R E SRR E 2518 2 vz,

[fHE] Al-dope ZnO(AZO)/c-ALOs, AZO/r-ALO; ® XRD 26-0A ¥ ¥ ») HIiEF L Wil TEM
BB A T o2 2 A, Bi& L ZnO[0001]/ALOs[0001], ZnO[1100]/ALOs[1120] T, % # %
ZnO[1120]//A1,05[1102], Zn0[0001]//A1203[i104]@%a%jﬂﬁ%{%f%n%“mi [ e A 5 %y
LTWD Z LR SN, REMIEBZEIZLY ., AZO/-ALOs TIEAAIE, AZOK-ALOs; TlIE
FIED KA A AR L=, RIZ XRD26-04 % ¥ > OfE B/ 5 ZnO[0001]J7 7 D7 % FH 3
% L. AZO/c-ALO; TIHIEE A EENENST2H DD, AZOM-ALO; T 0.5%LL E b OENFEET
D ENDIoT, TIHDOFERIE Zn0 & -ALOs DT E X XUy LERNLERTE 5, £/,
BEEWwE SZRET D L. ZnO/r-ALOs O MEW 4 LOEN § 2R Lz, AGEE T, K
I LD EVEE RIS 5 2 2 IOV TR T 5,

[BEE] AF7ED L, HARF7E A (23H00258) D XAEIZ & 0 iTbiviz,

[BIA][1]Y. Uematsu, et al., Nat. Commun. 15,322 (2024). [2] T. Ishibe, et al., ACS Appl. Mater. Interfaces
15, 26104 (2023). [3] T. Ishibe, et al., Appl. Phys. Lett. 122, 041603 (2023).
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Si EikE B20CoSi BENDIER X vILHEEDRFR
Development of growth technique of epitaxial B20-CoSi thin film on Si substrate
BRABEEMT ', BRAOTRI?, BRABEI °, BB
OR#EE B2 {kik FAI°, LT ME—BRY S FH2
Eng. Sci. Osaka Univ. !, OTRI Osaka Univ.2, Eng. Osaka Univ. 3, AIST*
°Takafumi Ishibe'?, Kazunori Sato®, Yuichiro Yamashita*, Yoshiaki Nakamural?

E-mail: ishibe.takafumi.es@osaka-u.ac.jp

[FE] > VYA FEBET, Si 7R EOEWEEMEDTD, Si K EEFT /31 ZLHIZ
LTW5, Bz, U %A REVEMIE/SI 1, Internet of Things ¥V HO BN T v F v 7 &
JiE LCoIGHBHIR S5, B B2, (ROBMRER e GOV AK T SPo (S0 B—
v IIRH. o BRASER) BNROLND [1, 2], U4E, Dirac band & Heavy hole band % 7 = /L
YENLITFZ (249 % B20-CoSi NV 7 X, Dirac band Hk D @ ERMLEREZRTZ L I0MA T, &
7 ) CHEERIC L 28—y ZREERBORT Z A S Bl LA L, =EX X
v /L B20-CoSi #f5/Si Z TRk L 7z A 13 vy, ZoJRK & LT, Si Btk b D Si IR &
% CoSi MR ORI TR E X b D, & 2 TRIFIETIE, Si R & EEORIC R EXE %8
AT D2 ET,Si JFTIEROHIE 21TV, B20-CoSi /S D= X X v v VR EIEEBRE TS
ZExRHEMET D,

[FE:] 7 e e % o —IRIC L 0, SiJEK E B20-CoSi #iEO = 4 v v Lk E%1T 9, Si
Ny 77 EalET 52 LT SiiFRma G L7’k lREREE LT Co % 20 ML 245 L7z,

Z Ok ERIE FIZ Co & Si ZRIFAE L, 7 =— VAL % fii3- = & C B20-CoSi ## 54 = v’ ¥ ¥
YOVER LTz, MEEBIEICITER M E - BMETEZ | RERARE AT I X BREHTEZ i, B4

ERFENIEICIL ZEM-3 (Advance Riko Inc.) ., 4 ¥m 115, Hall Zh3HE 2, «HIE 21X Time domain
thermoreflectance V5% Hv 7=,

[E3R] RERE A EA L2VEA . 200 B A ORI Tl c-CoSi #1575, 200 & Tl CoSip i
IR S 172, c-CoSi % 7 =— WVILBE L 7= & = A 4 B20-CoSi NS AL S iz, — 5,
WMEEBAZEALZE A, BEAGFEZLTIITEZ X /L CoSi BNER S, 7 =— /LA
2L =X % %L B20-CoSi AR STz, R %o v LEEIX, 2L b
B oz L, HEREEMEITH D Z ERbholz, R TIL, B20-CoSi D= v° 4 %
VY NRESREEFD AT = XA LZONWTEERT 5,

[BFE] Ao —HITRF S SLRAF7E A (JP23H00258) . JLARHFZE B (JP23HO1361) . #7Fif

7% (JP24K17613) DIHRIT L W ATz,
[2%&3HR]  [1] Y. Nakamura, et al., Nano Energy 12, 845 (2015)., [2] T. Ishibe, et al., ACS Appl. Mater.

Interfaces 15, 26104 (2023). [3] Y. Xia, et al., Phys. Rev. Appl. 11, 024017 (2019).

© 2024%F [CRAYEER 100000000-029 CS.9



16p-D63-6 BSOS AMIELAHELHHES BETHE (2024 KHAVLEN2RIBEA VS 1Y)

4D-XPS ARJFIJLE YT T—AD Noise2Noise T/ AT 12&5B
ZREMBHEEME/ A 2O RERN
High-precision extraction of multilayer stack thin film structure parameters using
Noise2Noise denoising for 4D-XPS Spectrum Big data
EH R S KR £l k. SIRE BT RERE.
gk B MU MRS, X S50 /MR ESSOETH BR'
CTVAAIIAYL SPSY—E X2, TYAE, [RFH#E RERXS, BB K, MREL')
°S. Toyoda', M. Yoshimura?, H. Sumida®, S. Mineoi’, A. Yoshigoe®,
S. Suzuki®, K. Yokoyama®, T. Minowa®, A. Ogura®’, M. Machida'
(*Scienta Omicron, 2SPring-8 Service, *Mazda, “JAEA, SUniv. of Hyogo, “Meiji Univ., 'MREL)

E-mail: Satoshi.Toyoda@scientaomicron.com

BRIE. X BABFAAXPHEMEAWT, ZREEZRATICHITHLERIGOHKEREES
BEETARILTI2FEEREL TS, AFETE., BEOEMLZEDHFRES AT 4D-XPS AN
JMVEYYT T4 BEENL. TREETOTI7MIILD 4 REUBFERIVELTEETT S, 4K HHH
DERBETHEEZETTIEOICE. HEEADARINLT—AOMNENAKLETHY ., BEILES
RETENF—RA UMD, ZCT.HFEEQICAYEZERTIE. BH7ILIVXLOIXRIZEY . O
VEA—SDAE)AFOERBICINA T, GPGPU BEEZE AL TERMEOEREHREL-[1],

— AT ZOESBARIMNLEYT T—4%2HEMBELTIREB T HBA. SHANEREIET L
[CKURTYIV/AXDMERLT, BIERATLREILTLES, CORBEERIRT 516, BRET
NEHTHDN TS Noise2Noise FEEBEFRMREARINLT—EDT /AU NBIZRANSZE
FRELTHY. ZEREEEREREHENEHE L I AL —a v PRBT 00BN =FESA MR
WHEEDT—2/A XBEDESDOSERIZHRIILTLAS[3],

AERTIEH. —F—DEBRICARIMNLEYT T—ARBNETI>HEEZRELT. 2EEEEERE
BNSA—ADEREELETHREEDEFEEREZHMEL., 4D-XPS ARIMLEYT T—2(1 ER)D /A
ADEEVELYRBMICELSE D10 KEVET. ZDT/APUTHREZRABELI. K 1 1, FD
ARG T—EDBIT. HEARAN/ A XDEESV., BARIET—IDEEHK(1~10HEZREL TS,
(ZEXR] [1] S, 5 84 BIEAYMEFSINEFMAEFESR 21p-A304-2 (2023). [2] J. Lehtinen et al.,
arXiv:1803.04189.(2018). [3] B2HM. BEFT/\M1 ARE TV / A >—HMRK(E 29 BHR LR, 2024 F),

——lntegration 100 100 102 100 100 105 106 107 100
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IBE-HFIREXFEREOROBEER
Interactions between supported lipid bilayers and substrates
EERKXI !, NTT#ES/BMC? OFRiAZ !, FHKEAN!, XKiB#? [LOKEE:? HRE!
Univ. of Hyogo!, NTT Basic Research Labs/BMC?,
°Koji Sumitomo!, Hiroto Yoshimizu!, Azusa Oshima?, Masumi Yamaguchi?, Akira Heya'

E-mail: sumitomo@eng.u-hyogo.ac.jp

SFEEE 0 PRI AR E T L E L TASIEIS TV D, ZOREMEIINEE — /0 FIRO
REZFBLT D ECARARTHY, IR E OMOMAERIIIEE 5 FEERIHE Lic A 47
NA ZERUNZ B WTHEHBERER L0 D AR TIE, TBES T ORIGIEBIZ 8 2 KT 3R A
W& O AEAERIZ O\ g7 5.

DV 3 BRI L OJRE 0 FEOMDT IR E, Stk dOtRIEE (FRAP) (2K VD EE
fliL7z. Co¥ A AL &N\y 7 7 EWIRPICH T+ 52 L Td7~L (NBD) 27 F L, IEE
T 1RO leaflet fEDOYEHFRE A L L7 (Fig. 1). FMR2>HimW leaflet 27 = F 95 2 LIC
£V, HEMEITELS oo, [EHE BRI, leaflet fiE |2 7R DILHURE A FF>ET L TH<—&KL
7o, 7 UFITL D% leaflet ORI LD, FEHITIEVMAIO leaflet 1 XFuM D> & DOFH A AEH 3L
FEEE & 70 0 JEBERE D LTS Z e pnote. HEEm %z, EBMZFF >R Y ~— (poly-
L-ornithine) T=— k L7c55A, £ OEEMDILHIERE & 70 0 JEBURED K & < BT 5 (Fig.2).
FEBUTIT Y leaflet 23K & 70 AAEH CTILHURBDI K & <75 L [FIRFIZ, leaflet D1 > 771
YR, ZORBERIERDBEVMAIOD leaflet (26 KA TWD Z L33 oTz.

KR D i s A DB o FRE DA ST LB RAE T %88 % FRAP fiftT CREi L 7. 4% leaflet @
PEBRE A X L CRMiis 2 2 & T, NEE 0 FIRORHEICER O KFTHELH LT Lz,
NEE o FIEZ R Lo A AT 3, ARESRICEHE R L 10 5.

1.2 . 0.7 T
* unquenched . -~
1} .+ upperleaflet quenching i 06} exp. (orithine coated) /
= D=4.8, D=13(5:5)  0=0.90 _ Z
@ 2 05} D=48,D=03(55) Z“ D=0.8 (single element)
S 08 0=0.91 2 0=0.82 / L 0=0 83
= g £
£ D=4.8, D=1.3 (3:7) € 04} % .
? o5k o V‘D15DO355 0=0.88
3 g
€ 5 03 f
2 04f ER 10028 5 mm;m
A o
=z Zz 02F
_ D=1.3 s 6600660006600 |
0.2 —_— 0.1
SiO,/Si substrate . S|02/S| substrate
0 | L L L 1 0 N
0 20 40 60 80 100 -10 0 10 40 50
Time (s) Time (s)
Fig. 1: Fluorescent recovery curves before and after Fig. 2: Lateral diffusion of lipid bilayer supported on
quenching by Co?" ions, and compared with numerical poly-L-ornithine coated surface.

calculation fittings.
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ROTURIY 7V YLEERFRKREORERKE
Surface Reaction of Polyglycerol Acrylic Films with Atomic Hydrogen
EERIAI' OBR¥' BT R ERAZ
Univ. of Hyogo' °Akira Heya', Yuto Fujino', Koji Sumitomo’

E-mail: heya@eng.u-hyogo.ac.jp

[Fx] KFEZ VX —% HO TR rl R IG BRSO FEBELDO T DER I & LT, KFEIZ
L MEE - BB OLIIHIN S D, KFEHTA OKFEGT) BB EICI VT 5L TT
S FAER SN D EIRAKEIL, KEST LY LSRN E L PILEEICRE REBEEZ D,
D7D, MBI EH SN D BREF O FIRKBEEZHSNCRET 5 Z LRO LN
%o Fox IXMEERE FKEIRE IO EIE A HERE L, OO IRKBIC L D=y F o 73E
NHZDOFEARDIFEFIRAKBEELZFHAT D Z EE2REBEL NS, AFETIE., JRHIRKEEE
FHUHE D 2 oM EOBEM E LT C-O-C fAaEE8HETHRY Z7UkY 727 UL (PGA)
EJRARAKTFE & ORISIZ OV TRET L7z,

(2B 5¥E] Si FaM(20 X 20 mm?)iZ PGA(BRASE i T 3% SA-TE6) 100 pL 3 F L. 3000 rpm,
30 s DR TAE Y a—XIZL D PGABEAIER L, =Dk, 150 CTIMEE L=, "EERT
PRARFBEDERRATREZR R TIRKFE T =—/v (AHA) ZE@E[1]1%2 AW T, HaJit& 150 scem, A AJE 30
Pa, filEAR(W A v o =)EIUINEL 12 V., BT 30 A, fBLATREE 1700 °C. FUR-flEA R HEEE 80
mm, LEEFFHE 60 min DT AHA JLEE L 72, PGA OFEA(IT X BB 8E (XPS) (Al
E/ 7, 1486.6eV, B —AFE 100 um, X HR/NT —HE 3.2X10° W/mm?) TalAll L7z,

REERLER] Cls & O lsDE—VHEND RiEL -7
O/C ttlE AHA ZLFRIZ LD 0.7240.02 CEAMEHEE YR 72) 75 5 20 —
0.46£0.01 I L, BIEAH Z T 5 2 L ARk SR o | e pal
77 AHA QLERF{# D C 1s XPS AV ML A GBS 528 i
THRTEAREEOE—7mfEFEAZ X 112777, PGA %2 AHA AL
P95 & C-O-CHE AT 53.7 %05 17.5 % K& L, C=0
fti A, O=C-OH &3 &TwA Lz, —JF.CC AL
25.5 %05 58.0 %, C-OH 5 E1E 0 %05 8.8 %lZHEMNL T, o1

ZOEMEAEE =7 HERO LG TSNS PGA L1 G-C GO 60-0 00 0=0-0H
RASEEDREHHERK 2 1R, PR L ORI A
reLT(HC=C #EA. (2)C=0 fEE. (3)C-C EAENEZLI 1 AHA JLERFT% D PGA Ok

(%)
3

PGA

Peak area fracticn

%. PGA O E4IE C-O-C $5 B D75, (3)C-C f B e D% BOE—HAE
27 C-C A E T RAZO NSRS . E8D Side chain U Main chain
SHIC-CHy BRSNS, SHICR TR AR L ORIFIC LY el
CHy L72WBMI LI S D, ZORER, Hidhic-C-O-f & 73 @ H>C</‘LJ\O*:%\3/O\3/
RS, TR LIRS, -C-O-H HE BT S oo
b, 2D C-OH TR IRAKF LS L H0 720 ANk @ M cn,
HELB, SO LR RS BRI LT O F AT RITHD T k¢
L. C-OH OEIGIERINLI=E% 2 s, YR M A 2l
AHA LFRIZLY PGA D FEHHD C-O-C R IRAKFEE G T
FTHIEDRBENT T80 PGA 3R IR R EEFHAH & @ @y SO HO
S RMELE LTHIfFTE B, N (:—H’ ﬁ[H H
(] PGA % #2{EIH V= PRI T3ebka (b I AN el
WL ET, : IH
[1] A. Heya et al., Thin Solid Films, 625 (2017) 93. 2 PGA &JRHRIKFE D S
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T/ BEPEFOEFRIOBETSXEVADOHRI
Quantum Oscillation Effect of Electrons in Nanostructures on Localized Plasmons 11
RXBEL Ol &M
Univ. Tokyo, ° Masakazu Ichikawa

E-mail: ichikawa@ap.t.u-tokyo.ac.jp

&S EENDE M%@Eiﬁﬁ%ﬁﬁﬁéﬁﬁﬁﬁU%ﬁwék BLHEAAREEL (RPA)IC

BT 2 @EESM (77 XF CJEEEER) (ZBWT, ARIADT—RT v b o, (r,0) &
S AT T — KT 2L g (1, ©) 1 S ) W T T #hEE(r) LT B L, BTH
DY —a VIRT v RGeS R AT T[],

KRHEHTIX, @RS/ T O 2B EEZA L Z B E L T2 Oy R BRI
&k, F/HEFRETOETRBOR/IET T XE U ~OHFRIZONTH X 7,
&g T ) ERPORET T AEACEA L, AHT— TT//%”@? 0 yRT Vv LR ER
RS CRET AL, A T—RTFT U ¥ LOBBET A r IR T A5 HRERANE LI
D, SHIT, TNEMWE I THEBILT 22812k, A T—RT U vy gy (o) BT 50T
OFALESL F NGO D,

[N(r)—-2]el (r,0)+ f ( i)dz;g,(rj)(pég (rj,a))+h )d Z k( )q)e'ﬂ (rj,a))z—/1¢)e')r2(t},a))

i= j=i+1

= T ERTOBEOBEN(L), £ (r).0,(r,) R L, R r, RFFETEEN(r) &2 r oy E
G THDH, T2 T, HBBEERICE D Na 7/ RO BFTERERIZEA LTI
ERE L, Solc, FROFNELn LT L A=(0f,) BT EAEMEYE 20 | B
o KRED, ZIT, @37 7T X2 ORBETH D,

12 T T T T T T T T T T T T L 12 =
%
4 g%l()
it 8
EE = 6
i =g
< B
(i
aﬂ;lltlll.'72l(|1']53|(|3:54ll)5505:5505m 0
. s 04 05 06 07 08 09 10 1.1
Na 7/ ROAE (FH4) BRI (0/0)

FEBENT VT OFEAFFE TR L2 Na T 2 Bk (B 290m) ORFTEFEE THY . Kifi
fHEIZBWT 7 Y =7 VB FREINFET S, AXITI=1L m=0IZBWVT, "7 TFTXELD
IREVC TR L2 IRENE (0/ 0,) 12T 2 HHMSRE TH D, B RENSERNT 2B HEOL
el k0 SRRHIO KI5 X SEEIIK T 058(1/V3) BIAHE, FRIHEI= ko
SLIBIREED BN T D, B HIE, ZOFLWEBERIEMR R L, BROBROETFEE LR Na
%/%K%#é%%momf%%%ﬁéo
[1] M. Ichikawa; e-J. Surf. Sci. Nanotech. 19, 88 (2021). [2] M. Brack; Rev. Mod. Phys. 65, 677 (1993).
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16p-D63-10

EMLBHRREICETHILIMNACHIU T4 T AIDIREE:
ATYTELVF U IZECRETORE
Validation of the electron counting rule for nitride semiconductor surfaces:
effects of steps and kinks on surface stability of vicinal surfaces
EEKRT, OMWT, AHER
Mie Univ., oToru Akiyama, Takahiro Kawamura
E-mail: akiyama@phen.mie-u.ac.jp
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Fig. 1: Top views of AIN(0001) surfaces including steps and kinks considering the
surface reconstructions. Blue, purple, and pink circles denote Al, N, and H atoms,
respectively. Step edges are indicated by dashed lines, the atoms with N dangling
bonds are represented by green circles. Numbers of chemical and dangling bonds
(DBs) are also shown.
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al., Materials 6, 3309 (2013). [5] T. Akiyama, in Epitaxial Growth of IlI-Nitride Compounds: Computational
Approach (Springer, 2018) pp. 55-92.
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Condensation of O vacancies under the rutile TiO: surfaces
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Fig. 1 0 vacancies condensation in rutile Ti0;
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Atomic-scale AFM investigation of Au-Ga alloy crystal growth process in molten Ga
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Fig. 1(a) AFM Topographic image of an Au-Ga alloy crystal obtained in molten Ga, (b) The flattened

topographic image, (c) Schematic illustration of the crystal growth process of AuGa; in molten Ga.

[1] T. Ichii, M. Murata, T. Utsunomiya, H. Sugimura, J. Phys. Chem. C, 125, 26201-26207 (2021)

© 2024%F [SRYEES 100000000-038 CSs.9



16p-D63-13

© 2024%F ISRYMEZ S

0. 2%Be-Cu MM ZRAW-BEHEZE

BRICLIRBEREEREEEMT

Multilayer deposition with ultra-high vacuum vessel and welding using 0.2% Be-Cu material
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Formation of B-FeSi, Core/Si-Shell Quantum Dots
and Their PL Properties
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Analysis of the alignments of surface oxygen vacancies on titanium dioxide
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AGEBECIX, 2 lcBRB L FE LIk, SPME#gO—H%7 7L — K&
LT L, 77— X B L OERZ [T T 5 2 & T, FeE O Rkt 2 72855
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[1] Sota Tsubokura, Shoya Kawano, Yumiko Imai, Tadashi Ueda, Kei-ichi Nakamoto, Haruo Noma,
Hirohisa Hioki and Taketoshi Minato, Appl. Phys. Exp., 17, 035003 (2024).

[2] Taketoshi Minato, Chem. Rec., 14, 923-934 (2014).

[3] Taketoshi Minato et al., ACS Nano, 7, 6837-6842 (2015).
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Reaction of NO molecules on anatase TiO2(001) surface by irradiation of
supersonic seeded NO molecular beam
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Figure N1s XPS spectrum of anatase
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spectra of anatase TiO(001) surface after
NO  molecular  beam irradiation

with/without synchrotron X-ray.
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Comparison between p-Si(001) and n-Si(001) surfaces
RFHBE L BEXE? BLXFE?
CEMmFE, HHER' NMIE—? BRE_]
JAEA!, Nihon univ.2, Tohoku univ.?
Yasutaka Tsuda?, Akitaka Yoshigoe!, Shuichi Ogawa? and Yuji Takakuwa®?
E-mail: tsuda.yasutaka@jaea.go.jp

Si K7 A BbiZH1T 5 SiO/Si(001) i COGN X, Sl KiE VOB W THEITT 5 Z & MR
SNT[1]e VOR/SL T St DEEF ¥ U 7 HIEIC K D IEHEI(VY, V) Sz, 025 1 IR
WREDEE v U T OREE IR T O BFEET 5 Z & T SiO AT 5 [1-3], SiO2 A=pkiZ & 2 /i
BAITHTT- 78 VOERRAEHE L, —EBfE(Loop A)d D\ ik B (Loop B)D O, fiflia & © 729 —
TR O OGNV —7 3R CTHIT T 2, AWFZE T, {EERE A Si0: THEbOI 5 £ TOXRmME
FEHIRICIB VT, 25D Loop AIB 123 < 7 V0 & it Lz,

p-8B L n-Si(001)7F 51 2, IR 400°CT/HET) 4X10° Pa @ O IZBEL7-DH (FHIR{LHE
180) . 30 0 O & 1ksh, FEWTHES) 4X10% Pa D 012 L7z CRIEFLHEIR), —EO#/E I
VT NWEALTOILs, Si2phEFANT M5, K1 )iz, Si2ptEf AN
7 NIVORRNT D 53T SiO FEIE ORFFZLIZE 24 Loop A 55 LT Loop B D% G- (2B />
B S 7o, REECHER ISR B IRE R E S dXo/dt 1X p-Si £V b nSi OFNRKREL, T
FIZ Loop AIZEIKNT D Z & bond, —J, FEE s Tl p-Si @ dXo/dt 2% n-Si &LV & K&
<. Loop B RWXEHITh o7z, KMPISOHEBEREIL, Si AR SWELNAE LTz Oam g #liE ~
DR RNVHRICELDEIBHEEZONDT-O, EFRZHFTY VT THD n-Si DFN,
Loop A DI < 725, X 1(0)E L Od)iEZ T4 p- L O n-Si(001)F m R L iEIkIZ 81T 5
0 1s A7 kLD E— 7 %4y« ins(Si-O-Si), tri(interstitial O), ad(=Si-O) D2 LA "9, T
VAR E 7257 O1F ins TH D, FEFRIZ ins OFREEIX n-Si DI D BRKEV, —HAREBILKS
Tk, 77 Si OB EINCB AN LT E RN EETH D, MEGHEIC X D BA M LIREE
fHChhe L7 E 1%, p-Si T Fm& 0.6F—— —
DNy RRUT 4 T DO R 5(3)55?‘533” -
WEB—H. nSi THEREOAVE E L e

Xg (nm)

NRUF 4TI LD ALY ST o2
- N\ VH A~ L '
Bd %, DD, 3 TIREAE Oo~D ~ 1;_(;)p_5i(00” Sl ‘
BT, pSi 0GB VT, 2L
Loop B M 725, z o O .
_'uE_.] ab tri |
I ] ot
[1] S. Ogawa et al., Jpn. J. Appl. Phys. 59, S, S <
SMO0801 (2020). [2] Y. Tsuda et al., J. Time (x 10°s) Time (x 10% s)
Tsuda et al., e-J. Surf. Sci. Nanotech. 21, {LHEI COEE Xo DI—T 7 4 v T 4 TEBLIO)
30 (2023). O 1s A7 R~V DR IR EZE AL,
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High-Spatial-Resolution Mass Spectrometry Imaging of Mouse Retina by Improved

Tapping-mode Scanning Probe Electrospray Ionization

Graduate School of Science, Osaka Univ. !, National Center for Global Health and Medicine
Research Institute. 2
O(D)Mengze Sun!, Yoichi Otsuka', Maki Okada!, Katsuyuki Nagata?, Hideo Shindou?, Michisato
Toyoda!

E-mail: sunmengze@phys.sci.osaka-u.ac.jp

Background: Retinas have a complex structure with different layers that play essential roles in visual
function. Inside the retina, photoreceptor cells receive light signals and convert them into neural signals
that are mainly composed of the outer and inner segment layers (OS and IS) and the outer nuclear layer
(ONL). Previous reports have found that mice carrying a frameshift mutation and deficiency in the
lysophospholipid acyltransferase 8 (LPLAT8) gene, which produces saturated phosphatidylcholine (PC)
from lysophosphatidylcholine (LPC) and saturated fatty acyl-CoA, showed spontaneous retinal
degeneration'?, Understanding changes in lipid distribution is necessary to clarify and elucidate the state
of degeneration. Mass spectrometry imaging (MSI) is a powerful method for visualizing the
multicomponent distribution in a tissue section. We developed tapping-mode scanning probe electrospray
ionization (t-SPESI), an ambient extraction and ionization technique, to visualize lipid distributions inside
tissues without special pretreatment®*. In this study, we compared ion images of different lipids from wild-
type (WT) and LPLATS8 knockout (KO) mice to clarify the relationship between retinal degeneration and
molecular changes inside the retina.

Method: The WT and KO mouse eyeball sections were prepared using a cryo-microtome with 10 um
thickness mounted on a slide glass and stored in a deep-freezer at -80 °C before measurement. The probe
was fabricated using a laser puller with a tip size of 5 um. MeOH/DMF (1:1 v/v) was flowed through the
probe at a flow rate of 10 nL/min. The probe oscillation frequency was set to approximately 840 Hz. Based
on previous research, the oscillation phase was set around -85 degrees (not under the resonant condition)
to improve the oscillation stability>. The high voltage for electrospray ionization (ESI) was 2.2 kV. MSI

measurements were performed with a pixel pitch of 5 pm.
LGPy |PE 38:6
LY m/z 764.522

PC 36:1
m/z 788.616

Result: Figure la shows overlay ion images of
several 8-week WT mouse retina lipids. It is clear that
there are several layers, as shown in the HE staining

images (Fig 1b). Figures 1c-g show the individual ion
images of the different lipids. In the right side of the
color square the AA BB:CC, such as PE 38:6 (shown in
c) refers to the abbreviations for various lipids. AA
refers to lipid classes, such as phosphatidylcholine (PC)
and phosphatidylethanolamine (PE). BB and CC are the
sums of the carbon number and double bonds of the
fatty acids, respectively. These high-spatial-resolution

PC 32:0
m/z 734.569

PC 38:6
m/z 806.569

— ‘ R pc 342
ion images visualize the distribution of different lipids ~ A" e "Pidions are IM+HI" g m/z 758.569

in different layers. For example, PC 32:0 (Fig. le), a Fig. 1 Lipid ion images and HE-stained
main product of LPLATS, and DHA-containing lipids  images of a WT mouse retina section.

(Figs. 1c and 1f), which mainly exist in the OS & IS

and ONL, where the photoreceptor cells are located, as marked by a white arrow. This research will also
include MSI for mice of different ages to compare lipid changes during retinal maturation.

References

[1] K. Nagata, et al. J. Biol. Chem., 298(6), 101958, (2022). [2] J. S Friedman, et al. Proc. Natl. Acad.
Sci., 107, 15523-15528, (2010). [3] Y. Otsuka, et al. Anal. Chem., 93, 2263, (2021). [4] Y. Otsuka, et al.
Analyst, 148, 1275-1284, (2023). [5] M. Sun et al. Analyst, submitted.
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7o AEREN AR CEDBERICFEE b o RILVEMEEA &
REHERS T U RA~DIEA
Electrochemical Scanning Tunneling Microscope Measurements and Tip-enhanced
Raman Spectroscopy Using Au Deposited Carbon Electrode Probes
HEE', JSTEEAIT? KIS €KF/ EmHPEHRY, RAHEE WAL
O(P) /M HTF M BE Rz, BB REY 4 -0 & AR
RIKEN!, JST PRESTO?, School of Engineering Nagoya Univ.>, WPI Nano LSI Kanazawa Univ.%,
Graduate School of Frontier Sciences Univ. Tokyo®, Faculty of Engineering Univ. Tokyo®,
°(P)Yuzu Kobayashi'?, Yasuyuki Yokota!, Yasufumi Takahashi*#, Jun Takeya5, Yousoo Kim'?®

E-mail: yuzukobayashi@riken.jp

BRULFAERE b 3 OVBMBIERILSY STM)E, Wil O BRI 68 OS2 TS0 T b
VIXNVEREFL, T A= OEE SRS CREIFR: & A EBNICEIRTE 5 FIETH
D VR AT BAYLEEUEO B TR I LA B ot T BREHIIR Y Y 0 F IR 23]
RN TVWA[13], Fx i, BRULT STM OEEF% . H T ABLD B — R U NEMIC 4 % BT
DLWV H LWHIETIERG 5 2 LI Lo T BEHER O IR MEV & 5 BEXUEF: STM (28
J 5 RAEFOMEEMRT 5 Z LIS LIZ[45], HEVHDOA AL FICHRT 57 7 77—
BIAIE T 5720, eKIL, SREMRET YT

@) _HSR
T LT eH 2 U v 7 Rp E A W T i
FIEEIC L 0 g3 2 BREHER G IEN AW B - /\u
TEZN, AWML T, O ER %50 nm (2 A
uCls a

WAL L= T 2F 2 Xy NMTH—R &M

SRR Y 7 7 7 4 MONBRICIS), G O ©

AT S 55 L T CBAL g

STM #4812 VEHRL U 7= (Fig. 1a), Z O#EEHZ VT

Au(11) ED ¥ —7 = = L F F—L 0 H Ok

B T IO BAAL T STM IE R L O st 7 . SO

~ L5y Y(TERS) % 47 - 7= (Fig. 1b, ¢). el G
FFE T, B — BB~ DB ST L Fig. 1 (a) Schematics of fabrication process of

Au Deposited Carbon Electrode Probes for

T~ PRSI DAL BEALFBBEE T TERS  electrochemical STM. (b) An electrochemical
s STM image and (c) TERS of terphenylthiol
~ORBIZOWT Him T D, self-assembled monolayer on Au(111).

Intensiy (a.u.)

[1] /IBR 1EDy, Feolalit M BRA F AN I 22, 25a-E304-7 (2022). [2] Y. Kobayashi et al., J. Phys.
Chem. C 127, 746 (2023). [3] /MK 1272, ZB70EIS AP 2R F T FINHHE, 15a-B508-8 (2023). [4] /I
AT, FBTENE A F A R 2 2>, 252-1BC-2 (2024). [5] Y. Kobayashi et al., J. Phys. Chem. C
127, 13929 (2023). [6] Y. Takahashi et al., Angew. Chem. Int. Ed. 50, 9638 (2011).
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3D-SFM & MD ¥ 2aL—> 3 vtk d7 -4 REFEEAIFESR/
KEEEEDSFR T —IVEH
Molecular-scale analysis of anionic surfactant crystal-water interface structures
by 3D-SFM and MD simulation
®RKL 442 (2 Aalto K ° Ok BHE L, REA B— 1 B4 EX!2 EH —#Y
ZxiE BB 2 Ygor Morais Jaques®, Adam S. Foster3, #i2 #£5% 2, #8R Rt
Kanazawa Univ. ?, Lion Corp. 2, Aalto Univ. 3,
°Haohui Zhang?, Yoichi Kumagai !, Ryota Hashimoto'?, Kazuki Miyata?, Atsunori Morigaki?,
Ygor Morais Jaques 3, Adam S. Foster?, Yasushi Kakizawa?, Takeshi Fukuma?
E-mail: zhanghaohuil015@stu.kanazawa-u.ac.jp

IR, =R =2 — I VOBRNBIER STV D RRBRDO R EIEER D—>TH D7 V7
7 ZAVIENENIEE A F V= A7 VL, IR W T VX VARG, LI WD ERRE ST
WAL, ZORmEIEER OB A YEE L, WML LS E 572013, MO ae s 7 L oub
THRET L ENEETH D, 2 LT E TITAFIAEIRH O CieMES-Na i ftZ¢ i (Fig. a) 2 FM-AFM
CRVBEL, T AT —VTEY Loy —r it Lz, ZoOf%R% MD v Ialb—va
VEHBILIEEZA, INODNRE = PRANKR R EOKFEEICKHISE L TWD ZE 2B HNnE L
7z[2]e LrL., bR R 2 RS O ZZ MR 22 0 M I IR R i 2 <R ShTn 5,

AWFFETIE, 3 ot A IS (3D-SFM) % W T, CieMES-Na i dh-/K St D 3 Yochi i & o
TF ) A — VTR LTz, xy Wikl BIZEES U7 SR 2 — U MBI S, [RIREISHEDT T L2 R
RS b (Fig. b)o LT +—2 1 —7 (Fig. ¢) Ti&, REEHFIZENT 2 DO
ZRLTHEY, Dl b 2L EOKRFEENERINTND Z 2R L Tnd (Fig. d), XY ¥
mi(2) (Fig. d(ii)) %, LARTO FM-AFM BUEAE R & [RIER O S X2 — U 3G B, ZHUI ALK U
DOKFREE RS L TCWAD EEZ NS, —J7, xy Wi (1) (Fig. di) (F==v bt/ &L DREFEND R
NRAREE T N T NA T EOWIFITEEFANIRIET DA v ¥ 2 ROKFEENTER S D Z
LERLTWD, %, MDFHERER & e U, AKFIiEE O e BifE 2 B 87,

Na"_suifonic acid 7o
a) @ b c d) (i) XY cross section (1) (i) XY cross section (2)
(a) / Methyl ester ) (c) A'ver?gled]curve' ] 1 (d)
; « c 25 fie—1XY (1)
°  Akylchain < E A E "o
(Unit cell) £ 51 H
0.76 nm (g 10}
&

wu g~

i 1 1
00502 04 06 08 10
Distance of z position [nm]

Fig. (a) Model and unit cell of C:1sMES-Na molecule. (b) 3D-SFM image of C1sMES-Na
surface. (c) Averaged force-distance curve of 3D-SFM image. (d) Comparison between unit
cell and XY cross sections of 3D-SFM image at z positions of (i) 0.05 nm and (ii) 0.25 nm.
[1] & Fe4Rlan A B IOFmEL YRR [2] ;M. 25 70 MI&FEFIEY[17a-D519-2](2023)
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mEsAR ) XILEBLTREL
AN EREDAFYTIOEM) 7L USFDSINEE
Observation of hexabromotriphenylene deposited on Au(111) surface
through a heated copper nozzle.
LEEXZE., {HEW#E2 CMHWwO KL RE shz !, ERE 5L 2
A FEF 2 &HK 1
Hiroshima Univ.1, NICT 2, °Masahiro Yamaguchi?, Hiroyuki Sakaue!, Yukihiro Tominari?,
Shukichi Tanaka?, Hitoshi Suzuki?
E-mail: m-yamaguchi@hiroshima-u.ac.jp

I, BRER ETOUL~Y U KIGERANWT T 7720 F 2 VR R ITT 72T ) Ay va
REDTT T 2T ) REERPMER SN TWD[L, 2. OIS TI, MNENC X Al TRl
SR TH LG EHR N v T Ao a7 U gEE L, RS T 5. BRI Au =P Cu,
AgPHNSEINE Z ERZW. KT L—T12BWVWTEH, = 2RO THLI~FH 7 rE ) 7=
=L HBTP)/3 23 AU Cu ETA v v aEa BT 5 2 & 2 L CTE72[2]. #7lZ Cu K
IERIGHER BT, K55 LT T D RBEDINEL UCHREET 5 Z L BlE s Tnb. R
ZECIISISTED BV Cu R ~OHARIC LV 2L S 7 HBTP 43 F % Au(111)Hpk EioWss S+,
A b RIVIEEE(STM) & L CRIE L=,

S &y F AR ST S0, B —F—fEE N, NE56mm, X 24 mm THERIR
DR ) AN % 7 2= (KB A ORIFICIRY 1172, ZOREEBEZAVH LT, FRLE
SR ) 2178 LT HBTP 43 (CisHeBre) Z Au(L11)FEHUC RS LTz, 0 FARE% OFEWRIT 77K (2
WBHIUBEEZE T TSTM 2 W TBIg LT,

WE O K /v E AW T Au(111) b EIc#35 L= HBTP 43 1@ STM %% Fig.1(a)lo~d. 2+
T FEOWE[2] & FERICK 1.2 nm BIBEO A T2 LTz, —J, / ZRVIRE 4TTK T&
B LoD STM B % Fig 1) 2" . A TRT & O ITBIRMEE S MK 0.5nm THATIZALSI L
THEAEENER SN, ZOBREEDRE S130.80m 75 3.3nm T, EHIE20nmEo7. 2
OBRIRAEE DN PATICES L7 1E, AuSEi BTVl 37038 L 72 E[3] S LTk 0,
BIRIZHBTP & MU 18D REZFHF ST AFAEHOESK22mm V. ZnHDZ LI,
HBTP 43 -3 INEA S 7= Cu K
ETTARNBHICEL, TNH
DNHEAR BICES L2 2 & R
LTWb. F£7=, —&iZiX HBTP
LR = 2R OMEEB) D
Blgsh, Zhold Cu RO
B2 K L B EE Au
WE~HELEZLDOLEEZLN

5. AWFZEO—ERIL JSPS FRAfFE  RTEEEEEE 5] oy ¥ -
21K04844, 23K04536 D Bhfk %= Figure 1: STM images of HBTP molecules deposited on Au(111).

T (a) without the nozzle and (b) with the nozzle (477K).

[1] J. Cai, et al., Nature 466, 470 (2010).
[2] Y. Nagatomo, et al., Jpn. J. Appl. Phys. 59, SDDA16 (2020).
[3] H. Zhang, et al., Chem. Eur. J. 10, 1415 (2004).
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DPh-BTBT 0 1 Rt#EEIZH (14 HOMO & HOMO-1 dDEAEE RE
Hybridization of HOMO and HOMO-1 in One-Dimensional Monolayer of DPh-BTBT
BURK L, =K 2 fMERLKS
O/INEF#ANRER |, FBAEA | SREART ', LA 2 MEFA S, BHESE ', ILAFE—

Univ. Tsukuba', Kyoto Univ.2, Wakayama Univ?

Y. Ono!, M. Iwasawa', R. Tsuruta', T. Nobeyama?, M.Oda3, H. Ishii' and Y. Yamada'
E-mail: s2430070@u.tsukuba.ac.jp

[#5] ¥T4E. BTBT R4 FREMWBEIEZGT 5 A
R BT STV DD, DRSBTS 2 ‘

28 B 2 gd
e PP area &,

REABEV, MRHECE - BOBBBETREERC | 2% e e 2

BT, iEm A FiE HOMO & B IZTRWA T- BB DN R — -
AR ced-orbital ch Fig.1 Electrostatic potential (ESP)

ol NS R A . mixed-orbital charge transport of DPh-BTBT mapped on
(MOCT)@ﬁEﬁiﬁﬂﬁéth\é [1][2]. AHFFE Tl BTBT  isosurface of electron density. Blue
. . dred d to positive and
#EkD 5T % DPh-BTBT (Fig DOWS TREMK L. oonive potential,
A EE OB IR RE A B LG E oM #ED D FEE L7,

[FE5 L 522] B/ b R VBEMEESTMEHINIC L v, Ag(111) EIZ/ERL L7~ DPh-BTBT B /& 51X
RAERIC L - THEENMEB R D S B Figa)l 2L+ 25 2 Lo tz, WBEHTIE 2
FEEE O @ S D4 AR HAZ A TER Y | Z4E 4 Face-on Bi[i] & Edge-on BR[Al 217> T\ 5 & & %
5D, Fig2b [CmBEEMOMEFHONBEF AT MviRd, EEEMICK L EM TR
STHUEDO T a— R=U RO, 7 4 v T 4 v 7T H> 5 HOMO . HOMO-1 28 11 0.2 eV,
03 eVEENHLTNDZ ENGhoTz, BUENHOEIRAZW LT D720, HikiatEidEz oo
WCRBEMO 1A L EEE R L, FERT Y VB IOy FHLEORE 1T 72,

Fig3a |2 4 31 HIOEERT vV E2RT,  a E: b [\ Homo-1
Edge-on 73 TIZILIE, Face-on 43 FIZITA DR : ; M T

TUVXADBRELTEY oML - T
RT XY VG EN D Z Do,
FHE TR 6O 72 43 F B O = R /L ¥ —| % Edge-on
57 & Face-on 731 C#72 V) (Fig.3b), JLET A Binding energy w.r.t. £ (eV)
Fig.2 (a) STM image and (b) Photoelectron spectra
R MV EREREE L2, 2 FEO S FiuE O of DPh-BTBT/Ag(111) in Dense phase.
THRNAX—E L HERT Uy /LOENSE  a
g c&x 5, Z?& X Edge-on 73 ? HOMO &
Face-on 431D HOMO-1 73 = R )L — I 28T
LTV, | RotEAMIREEZ Wz REHA

Exp.
Flt s

HOMO

i
35 30 25 20 15

b Single molecule

e
TILZN D DIRKDHER S Tz, g
¢ © SgTe
[z%3Cik] (1] Kuroda, Y. et al., J. J. Appl. : ™ L
Phys. 2019, 58, SIIB27. [2] Yu, C. et al.,, J. Am. Face-on Edge-on o4 2 gaing onergy 1)

Fig.3 (a) ESP of row of four DPh-BTBTs.

Chem. Soc. 2022, 144, 11159.
em. Soc T (b) Calculated DOS of single and row of DPh-BTBTs.

© 2024%F [CRAYEER 700000000-069 CS.10



17p-B4-6 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

Negative Differential Resistance in Single-Molecule Junctions Based on
Heteroepitaxial Spherical Au/Pt Nanogap Electrodes
Dongbao Yin', Miku Furushima?, Haru Tanaka', Seiichiro Izawa'!, Tomoya Ono?,
Ryo Shintani® and Yutaka Majima!

'Laboratory for Materials and Structures, Tokyo Institute of Technology
’Department of Electrical and Electronic Engineering, Graduate School of Engineering, Kobe University
3Division of Chemistry, Department of Materials Engineering Science,

Graduate School of Engineering Science, Osaka University
E-mail: yin.d.aa@m:.titech.ac.jp

Single-molecule junctions have established a variety of functional quantum devices working
based on the molecular orbitals of individual molecules!!. The single-molecule junctions
exhibiting negative differential resistance (NDR) behaviors, characterized by a decrease in current
with increasing voltage, have attracted considerable attention due to their potential application as
ultra-fast resonant tunneling diodes. Thus, several pioneering studies have investigated the
mechanisms behind this nonlinear NDR behavior through theoretical modeling and experimental
evaluation?. However, the peak-to-valley (PV) ratios of NDR observed in most single-molecule
junctions are relatively small (< 10). The large-scale fabrication and integration of electronic
devices also highlight a demand to create a platform for constructing solid-state single-molecule
junctions.

Recently, we have developed heteroepitaxial spherical (HS)-Au/Pt nanogap electrodes
(Figure 1a) prepared by electron-beam lithography (EBL) a
and self-termination electroless gold plating (ELGP)®.
Their molecular length gap separation, small radii, and
robust thermal stability enable large-scale multiple
fabrication of single-molecule junctions on a Si substrate
using interested molecules.

Here, we report a pronounced NDR effect with a PV
ratio of 30.1 (Figure 1b) on a single-molecule junction
consisting of a m-conjugated quinoidal-fused oligosilole Polarized
derivative, Si2x2!, embedded between HS-Au/Pt nanogap 3 25\ | yuo ﬂ gl
electrodes. This NDR effect persists over a consecutive 180 i | l T
current traces and showed stable temperature dependence [, , =& |, | " g
between 9 K and 300 KP!. Density functional theory " Bias Vo?tage %)
calculations under electric fields suggest that the NDR
effect arises from bias-dependent resonant tunneling Figure 1. (a) SEM image of top view of
transport via the polarized highest occupied molecular HS-Au/Ptnanogap electrodes. (b) /e—Va
orbital (HOMO). Our findings demonstrate a promising 'chara'cterlstllcs of 8i2x2 single-molecule

. . . junctions with a pronounced NDR effect.
electrical platform for constructing functional quantum
devices at the single-molecule level.

Acknowledgment: This study was supported by JST CREST (Grant Number JPMJCR22B4).
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RFEMASRERICHIT1= qPlus AFM/MFM B% (1)

Development of qPlus AFM/MFM for imaging layered magnets (1)
FERREL!, H—ILRL—IIFHKY?, BHMIK® TRABRI' FEXSFFI5H°
REs BB, il ', BH &', Wulf Wulfhekel’, Amir-Abbas Haghighirad?,
I LERBS MR X3 AR BAY BE FEY —H R LA B80S
Chiba Univ. !, KIT?, Kochi Univ. Tech.?, Kyoto Univ.%, Chiba Univ. Chiral. Res.
Shun Akamatsu', Ryo Ichikawa', Haruki Ishii', Wulf Wulfhekel?, Amir-Abbas Haghighirad?,
Emiri Masui®, Eiichi Inami’, Yuto Nishiwaki*, Shuji Tokito*, Takashi Ichii*, Toyo Kazu Yamada'*

E-mail: toyoyamada@faculty.chiba-u.jp

7772 rDEINRTF—EEREECEAHAD TRTEHAT ThoH, FriichEiErE
v FRAE Y hr= 2k LCHER SR TWD, AFE T, R FEMRBIMEARD Tt
HEEW S o U iR 200 K) & A3 5 FesGeTe, (FGT) #HW2S [1], —RITR FEDT=D
FRBE NV RIZ LD ARV IF OB b HE SN TWD 2], BEENR V=2
THETED L TFZRENVRE SN TVDLTEOREEEL END,

JF A L~ T N SRR OREREE Z R 5 FiEDO—2I2, AV VRBER o3
JUBEMEE K OVER b R4 TE (SP-STM/STS) 238 % [3], & 1XZH £ T, SP-STM %
TS EZE - RIRBREEC TREMEIRSC R « 0 FREA DORFE 21T > T E 72 [4], L
L. 20 STM IZ X 2 @it M8 TITEEN LI R Z Linyhno TE T,

JR @A B . BEZE P COHRBECHER R RmEHGD, & 2A0, HEERGICLY, &
miZ “LH” BDELED, &N T 5, STMiF “hrrxVEmR” 2RI 57290, “L
P7 R O ITE D EREEN RTINS TR0 PREFSFEUBHZ T 5 2 & 23
BT Z 5, STM TOXREBRIEIZRE R Z 03 d 5,

— 5T, Th) BT 2EFMOE#RE (AFM) T, EESARLER L THRmBIR
AEETX D, T, BEZE - RIEREECO qPlus B Y —IC X ARSI HMEE (MFM) O
BARZ1T9, BHIESTM %tk L qPlus MFM % H ERBE%E LT\ 5, (1) qPlus [E7E, (2) i
W, Q)BTEZ YU 77, (4) Nanonis HlfHIR & O, (5) BMEREFOBZIZ OV T, FGT #
BHIERDL & A TG 5.

235 Lk
[1] Yang et al., 2D Mater. 9, (2022) 025022.

[3
[4] T. K. Yamada et al., Journal of Materials Chemistry C, 12, (2024) 874.

]

[2] Birch et al., Nature Communications 13, (2022) 3035.
] T. K. Yamada, et al., Microscopy Research and Technique, 66, (2005) 93.
]
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STM FEFELZALVEF S )L PTCDI S5 F DI E T

Evaluation of optical activity of chiral PTCDI molecules by STM-induced light emission
BRABEL !, MUK RATLI 2 OM)FLREK |, REEE |, I2EMX?,
WY |, XKAEFR?, £RMA"'

Osaka Univ.!, Wakayama Univ.2, (M2) Taisei Haruna', Takuma Hattori', Shota MatsuraZ,

Akira Saito', Hideji Osuga’, Yuji Kuwahara'

HRERERT D0 FIETR_RTHF T T 0 2H L, R HOKRFERMEMR(= T v F A~ —) DB %7
BT D, 2O IHREXT VT 1) OWEITAEER S FXT7 VT 4 ZEEICRBRL WD L AR
LTW5B, X7/l i O 2T 5 72DI21E, F/ A7 — /L TOWHFHER AR A K CTh
Do Wil ) v FA~—iF, 1Z& A LD - {LFHINEE R FE—Th 508, M Atk
EWVS TR D RN T > TN D, L LR BIERDEFAIEEDORIEIL, SO RIFTIRIIC
X~ r7naz2r—IZRBRon T, PFxid, S E TER b RVBEMEESTMIC L D horx
NVERHLREI(STM-LENZ L - T, F/ A7 — L TCOREEERNEEIT> CTE 2, TOFIEE,
STM (T K 2@ WZER M RRED TR & . 24 FMREIZ /0Bt L 72 STM FEOGTREE 531 2 [ IRp |2 A
T&E B0, F A —LTONAEMEFERNTTRETH 5, B

AMFETIL, ¥ T /151 ThH S binaphtyl-perylenetetracarboxylic dianhydride(UA T Chiral PTCDI)
(Figl) L 7 X% 7 V31 Th 5 3,4,9,10-perylenedicarboximide(LA T PTCDI-C8) ZAF%Exi&e & Lz, 3
TIZ. Chiral PTCDI (29 % STM-LE & THAEIFRME 2 HL oy F- L~V TRl 92 Z & A3l RE
272> TWD, LnLaeidn, BEHEROBIRICER T 2 77 XE 3O IZIERIFE D B
TR CTE CWARWZ ERFRE L 22> T D, T 2 TANFZETIL, 7% 7 /172 PTCDI-C8 4y
% F T STM-LE 7 & 17\, Chiral PTCDI 437225 D STM F&6 O IR Frtk & ekl L
77

FERTIL, PTCDI-C8 %y F% . NiAL(110)HAR EIC/ERL U 7= ki Bic &% L, STM B &2 BuUS L
72 £ . SIM B BEHAI S N T2 00 75 A RIFEBERD 3 FH A XL IFIEFR L Th - 72, £72 PTCDI-
C8 731 Chiral PTCDI 43 F-IZ e, MR & @ S A O NT/N S i & L TBE S N7z, RIZ, &
A5 PR D FESETREE S5 A0 D FREE 227 b Y FIEEEF A L 7= & 2 A, PTCDI-C8 Hi/y1-1% Chiral
PTCDI %3 72| B D Ao a2 R S e o 72, 24 B i, Chiral PTCDI 43 7- & PTCDI-C8 43

T RIS LR E ORI T D, ERT 5. R ) P
B 9¢ NN_R

O @]
[1] Kelly, S. M. et al., Biochim. Biophys. Acta. 1751, 119 (2005). OO Q Q O o
[2] Kakkanattu A ef al., Opt Express. 2021 Apr 12;29(8):12543-12579. N O. NR

O (6]

[3] P. Krukowski ef al., J. Phys. Chem. C 120, 3964 (2016). Figl Structure of Chiral PTCDI
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ZREAN=ZH LB FHAORESH
On-Surface Synthesis of Two-Dimensional Honeycomb Lattice Magnet
FEXRI' ClUH £ HH B!

Chiba Univ. !, °Toyo Kazu Yamada?!, Haruki Ishii?

E-mail: toyoyamada@faculty.chiba-u.jp

WyE R - S CIIZE IR RE DI T > 2 NG RPN T D, ETBMEMEIC X DN &
AUTRF I B FRE S AL D, S BT, ZIRIeN= DREFNOBMER TR A T A FL—

3 SR BT A ARIRD XD IR R RARE A RO RN RIB SN D, T O X D Te RO
REETIE. TNETHRTFBYWEEHDEL LTV B ER THRE S TE -,

Bxld, TOXIBRTRGTET A UWE S, kK LICHE 1 L R A s L B2
TEZF X ARBEEZHAWTEBT 22 2 AL WD, ElREF, MR, Ao TFo0
SHIFAAET D00, T E LOBERET 5 OMERICHIEE D TE 2 [14], Zh DO
NEVTAB A E AR O B PEALIZ T EE TH B,

FERITETUEDOBEmEZ - & b RVBAMEL (STM) 2 2 FW CTIRIE 2 b IR T30 L
Too st & UTHA7 7 AME 50 nm LA B A4 Fi-2iFH 72 Cu(111)R i A H L7,

(@) BFFE4W], AR IS ERA SN 7 X a7 =0 g mnv7 0 U ot aE vz, 2
O, —EOBMERF 2 WA Lic, EORRER, BRI AES FRICENLZ £, 5+ T
B L7z [1], HATIC, A SRR 2008 LT IR FIEER L RWER o T,
(b) AR T CREMEIR T2 2 5720 “ N7 v 77 MiER © 22 7 U > =—F JL(BICR) /1 & AL
72, Cu(111) |C BrCR 73 IR 1 &2 W L7z, 4 BICR 7 FIIBMER -2 55> 7 » 7
LIEMET R rAb iz, Ll N=0 DRI bR o 72 [2,3],

(€) ZWRITK& T2 EHTLHITE, HTFORTRENER LTRSS L2 TIR LRV,
Z 2T, RHFEBr) & MIGICFR ORIy 2 ik LA S A ISR (COF) 2 /F LIEH
L7z “ON~BUR” 2R LB nm A XD ZRm =0 2T 25808 Uiz, Z ARG
AR Uiz, 003 0 BRI 1% COF LIFfEAE T T OROP TEE LY~ KE S (815
nm) ORMESIET R FIIERIC & 72 [4], WelET /B D=7 D EBLA~OE IR T 7=,
(d) ZWRIL/N= DR FREA & FEBLT 2103, AR FH HIC LR RO T HENH D, —IRIT
AHED T DORIRENEF T DMERMICRET D LT &L, ZTORE, EREmEEMmIC
BI—IZIRR D ZIRTEN =T DG EAFRCE o, ZOFIE, BRR AT v 72 E72< L 91
ERENRA > Tz,

23 3CHk: [1] E. Inami, et al., The Journal of Physical Chemistry C 124, 3621 (2020). [2] T. K. Yamada,

et al., Journal of Materials Chemistry C, 12, 874 (2024). [3] T. K. Yamada et al., Nanoscale Horizons, 9,
718 (2024). [4] T. K. Yamada et al., The Journal of Physical Chemistry C, 128, 1477 (2024).
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&R AFM [2 X H3BHE Y = —NiERIRREORE DEHR
Adhesion Force Measurement at Surfaces of an Insulation Film on Semiconductor
Wafer by AFM in Liquids
®RX:, EREMAEHR? OF XEL 2HF SE. A+HE BEL #®x FH' E@A —E/L
FH B2 BX H&EF2 BE R
Kanazawa Univ. !, EBARA Corp.?, °Daiki Okal, Yoshihiko Asano?, Takahiko Ikarashi?,
Kyosuke Matsumoto?, Kazuki Miyata®, Megumi Uno?, Chikako Takatoh?, Takeshi Fukumat

E-mail: okguitar@stu.kanazawa-u.ac.jp

SRR A AT D IR ER BN 2 X 2 D HEREHRO— DI, HIE - i TRIS 5,
COTRETIE, F/BREETeAT Y —iRET LN OFE Sy R CERE L LI-0h, B
WHTPVA 77 U EBERSERN D 7 o — NI LA, BRECOFBIE 2 A4 5, 72720, &
DT T AT TRV 7R & DSRMFITREERI 72 3T A= 2L Db DR %<, BT Lb &K
BEIN TS EFEWE, KRR Z R E LB ERREOSE Y Z2h LS 5720
WZIE, BRI DO AEBBESCTEF DA = A L% T ) A — )V TCHEHT 52 ENEENTWD, T
ZERT D720, Fx X ETITHE T AFM I X 5 PVA 7' T S R EOREE - Wtk 217 - <
o, ZHUTKY, WIRPIZEBWTCPVA 7 7 S REDO &S T0BE L, 2 OBAEE & #0ki—PVA
7T U REFBORENOMIRNMEBENR S 5 Z L 2R T HRRENME LN WD, £DO—F T,
U = — AR D IRRLE 5| ZBET 720 E T D IOV TIRMEHO E FHE ST D,

INEMRT D20, Si Uz BICERES NI E (7 h T = hFv v T TEOS) D%
HIZ T, PVA 77 v D6 LD FIETHRAE N &2 FHIT 5, 7272 L, TEOS &4 KK &#ET
DL, RS & & B — R R A RIS HERE L, IEREIC TEOS £ ICHIT DWW 1) & &F
322 ENR#ETHD (X 1la), AFFETIIT T A~7 J—=27 L KOH = v F 7 TARHY)
BrE L. FEJEIC TEOS NBEHIT 2 RELE FikZ sz L7z (K 1b), =62, ZoFkmE LT, 5
BROMKLOME & K& S 24 L7 JEumiE S 50 nm F2EE D SiO #REH 2 ERLL . ZHic kv 74— A
HN—TEWEL, WENEERTEDHLZ LR L (M2), 4kiT, fx REIREENES:
TECT =AU T E2ITV, ZTORREZ PVA 77 ETORERE L, 7 x—En
%gﬁﬁ%%%%%%/v&wgﬁﬁﬁéo

Force [nN]

L 0 2 0N ow b

! 1 !
4 0 20 40 60 80 100
V) 2pm : (iv) 2pm Tip-Sample distance [nm]

Fig. 1: Cross sections of samples (a) without and (b) with Fig. 2: An example force curve

surface processing. (i) SEM image, and EDS elemental mapping  obtained at processed surface of

images of (ii) C, (iii) Si, and (iv) O. TEOS.
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2ERBHICETLIEMEMEMEBEHNEIRICET S
SREXLIaL—>ar@m
3D Simulation of Inter-Particle Contact and Battery Capacity
in All-Solid-State Batteries
ERH CatH R, LR AR, EE &R
AIST, °Yasushi Maeda, Yuji Yamagishi, Hirotada Gamo
E-mail: y-maeda@aist.go.jp

1. WFgeds s

Tz oo alfEERZ SR E U CERRL U HKHTIEAMKSE (SSRM) 12 X DT 2170,
SSRM Gl 7E & 5 R AHEPUIIEW E b 7 OB SN (LLUT, ki 7k & £q70) REx X
Mg Z LALLM L [1]. 2 DFEFRIL, SSRM N EFEREMOMBITICHEN TH D Z & &2RT
—5C, ki & B R L OFBICEET D A I = X AT TIT R o Tn, 2 TS
TIE, 3 WILETAMEEZHWEFTRES I 2 L—3 3 0 & 0 k7 & B s & & o B%
ERHRDHZET, EDX DM T SSRM NI DN AN TH LN EH LT H 2 & 2R AT,

2. FEBRGE

R 2 EREIRO D721, BRREMEICL D2V Iab—Yara2FE L, vYIalb
—vaE3 ey Iab— 3 Y7 b GeoDict [2]D BatteryDict € = — V& HWTITo 72,
GeoDict & CERFRIEAMGIE | C [EAREEMEE 2 Fo38 L, BRAL 1% Li(NigsCoo2Mno3)O2 IE¥E ., IR fEE
% LigPSsCl EUREME & LT, WEI—T7 OEEIT- T,

3. MERKOELE
B 1 XIS ERLF ORFE 30 50% 0D & & DL CTOIFWERL N D(a)Li #5344 & (b)E
MEESATH D (EWERLTLSMNIIEET) . ’IFOAREIONE T, Li REICKE e B{bn s
S, A UALE CEROEF L AOND, ZiUd, kiR NSV EEBRERIC X 8B
D Li OFRAFEMET L, R e L CEMAREN D
THIEERBELTND,

High

SRR EWE B E ARG L R DA K .
T S BMAR L THERDH S LV I ERAELN £
72 SSRM | TR i DFE[AEMIRRE 23+ 5 Z & 23 T =
X5, 1> T, SSRM [T [E RN D EE LT — Lz

R0IGED T ENRE I,
%Tﬁq"’i High

: i
AL NEDO Zt#¥ TR E (RE B A B O FF i 2
1Ml - JARELATBE%E  (SOLID-Next, JPNP23005) | |2 X 0 Fii @
é th 7,9 Low
References

[1] H. Gamo, et al., J. Mater. Chem. A, in press. Fig. 1 (a) Li concentration distribution
[2] J. Park, et al., Adv. Energy Mater. 10 (2020) 2001563. and (b) current density distribution at

the end of discharge.
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HEBMFIEEZEA LB RFHES| DBEMEICE S
K& E A 54 514
Characterization of solar cell materials using
time-resolved electrostatic force microscopy under base-bias-level control
BK &R/ T/ EFHE CMDMA BAX, k& B! A X', & B= 12
TIS / 2NanoQuine, Univ. Tokyo, °Kaita Takemoto', Jo Sato!, Ryota Ishibashi' and Takuji Takahashi'-?
E-mail: kaita@iis.u-tokyo.ac.jp

FrEE D B EE (EFM) TIX, B O - FiES, Wk EOEMA A T I 7 ZOBIENRH
FFSNDD, —MIZIE, FINASREEI S CIofE s hoRE Ry 235720, vy 7 A v
T o7 EOFERIC Lo TR ERBIZ I VA —F — I SN T LE S . Fxld, v (17
R RRE O WL EBR T2 L2 LT, nx 37 a—7 7 5 — AP

(KFM) TOZE S fiERem D72 DIZ B R LT MR AL 7 ZHINE 2 R > 77 m —71E2] L]
Hebt D 2 & T, EFM TORSRFHIOEHR % X > T & 72[3]. —F T, EFM Ti&, MERE
MEDFM T HEMEN A (CPD) ([ZLDFESININEL DR E, FHURFOEEORYED P T
WX 7207, £Z T, EFM OO DR /NA T A LI3MSE L7ZRIOMRANA 7 A% A= KFEM
T{EIC L > T CPD OFIEZ AT L TIT S Z & T, Bt & B O EZEEN 2 — B S B - P 72
PEIRREZ BB D EEHE L U7 F S| J1EHAZ TR & 3 2 IR 70 i EFM 2122 L, &8 RIZ THAEE
A A A L 7= F S | ORI R FIRE T 5 Z & 2 RERICHEGR L TV 5 [4]. ABFZE Tl
[) U5 % ks SR KB B KL (CIGSSe [Cu(In,Ga)(S,Se).]) (i LC, EFM {55 i 5-CrF ]
BB OB 218 U CRIFEDFIMED S 2R D FEEEZIT > 72,

AWFFETEER L7 o F L= DS R EHUITA 2 N/m,  SERFE I 82 kHz TH >7-. EFM
H7a—7 )V AE-E (7L AE 2usec) & KFM 7 12 —7 /3L & E@F@ﬂ?zrbnﬁpﬁﬁiﬂziﬁ X,
E5D SN tbxm ESEDH70IZ, B oF L= IRV 92kHz 38 LT 76kHz & L
7. £z, HIBOR Y TEEE CIGSSe EHIFINL, ZOR TSV ADIZETROZ A I 7
TOEFM E5& K G (Fig. 1) & & ICEBb L7z b DR Fig.2 ThD. FKEY, ko
fHETOEESIJE T O TR I NI, —TF, R ORI &R NETE NN D E R
ECEESIMESTORFMZE(L A FHI L 72/ (Fig.3) 220 b, RO AR Iz, 51%1%
EFM [Hi{& DRI 2 el O R v T EIEICH T 2IRE R E2BHI L TV FETH 5.

ARPEZ AW TR D BREER St DR L T e 72Tz,

[1] S. Ono, et al., J. Appl. Phys., 45, 1931 (2006). [2] J. Murawski, et al., J. Appl. Phys., 118, 145302 (2015).
[3] R. Ishibashi, et al., ICSPM28, S8-1, Dec. (2020). [4] J. Sato, et al., Meas. Sci. Technol., 35, (2024)

4
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Grain Interjor

Electrostatic force signal [V]
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100 150 200 250 o S0 100 150 200 250

o] [ron] Time [ps]
o " e e o e Fig. 3 Waveforms of EFM signal observed
Fig. 1 Topographic image. Fig. 2 EFM signal image. on edge of grain and grain interior.
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ATASA R T TO—T
FIVELTA—T I +—RAEEWMEEICK S
EHMBERFNSOORADT Y YT EA TS XM

Investigation of Carrier Dynamics in Organic Thin-Film Transistors
Using Heterodyne Pump-Probe Kelvin-probe Force Microscopy
RAIL\O/AR —1&' I £’

Dept. of Electronic Sci. & Eng., Kyoto Univ.! °Kazuki Arinaga?!, Kei Kobayashit
E-mail: arinaga.kazuki.38r@st.kyoto-u.ac.jp

HREHERE ~ Z > Y 2 Z (Organic-thin-film-transistor : OTFT) I3, MR8 AR T A\ FesipE ol ik
FUET v ZRDEGVE, AR E OBFE &) > o/ B Rk & 72558 CE OFRMERIFF SN T D
L2723, OTFT ITiX, A/ s i Té/fﬂﬁ%ﬂiﬁ%ﬁ VA VERD T v 71X Fx )
TREINFEESND &V I BENFET D, FOROT-HIZIT OTFT V\w)ﬂw U7 EE) 2 B L
BHERARET D2 EBFETH D, bivbiuk, @mnZE F'EJ"ﬁ’qi DENRNERAIRETH D 7L
vy —7 7y — A% EE (Kelvin-probe Force Microscopy: KFM) 75:/\—% 2 XY @O R A fiERE C
ORENFEERR Y 7T a—TiEEMAGDE TR 77 r—7 KFM (pump-probe KFM : pp-KFM)
[12]Z8H L. OTFT OX v VU 7 oMiOE %~ A 7 afbAd—& —Cr il LA ORI Z(L) D %
¥ U T ZEOFR AR TN D, [3]

AR OGEIE[3] TliX pp-KFM IZ X 0 OTFT IZ8B17 5% ¥ U 7 OiEA - PJeHEFE 2 570 L 7245 Riz>un
Tty L7223 (fig.1). pp-KFM BIZENIN U 72 A8t fEE D Z8 7 JE I £ (om) 0 2 185 151 JE B £ 57 (om) H 36 &
EBZONDEMI ) A ARBATW 7o, WUl & EXRFEOMBZ BT 5 I2IXE S o
2o ZZTAHAENTKIMIZE END /A AMEHICAEZI THH EBZ bILD~T B X A KFM [4) & A5
biie~T & A2 pp-KFM (2 X 5 OTFT HIE&1T- 7=,

~NTrE A KFM TR o F LS — ORI 0D 2 fERRE O JER R 2 RO A8 & 2B~ A 7 A &
LTHWS Z & T, MHz #ISEWEEBCTER T 5720, JREANZIZRHE O EIZAE TR,

omm-- ' ' I " A cos(wot)
1 i .

Al . L. ( Vac cos(2wot+wmt)
-l m " Vbc

|

S 2 ‘ R
IH L )
@ 3 ! | n Drain Semiconductor Source
" Oxide
B 1 S P ]
1 | | | | |
0 0 10 20 30 40
32 3 BFfE (ps) —L
Fig.1 Surface potential of the OTFT Fig.2 schematic of heterodyne KFM

channel as a function of At [3]

[1] G. E. Bridges, R. A. Said, M. Mittal, and D. J. Thomson, Rev. Sci. Instrum. 65, 3378 (1994)

[2] J. Murawski, T. Graupner, P. Milde, R. Raupach, U. Zerweck-Trogisch, and L.M. Eng, J. Appl. Phys. 118, 154302 (2015).
[8] A&, /K, 2023 £ 5 84 [IG B PR 2RI 2, 22a-P02-11
[4] Y. Sugawara, Journal of Physics Communications, 4, 075015 (2020)
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PEDOT-PSS network layers for neuromorphic physical computing
Osaka Univ. %, Rikkyo Univ.2 °Meien Sou !, Yuma Murano !, Dock-Chil Che !,
Syusaku Nagano?, Takuya Matsumoto®

E-mail: soum20@chem.sci.osaka-u.ac.jp

[Introduction] PEDOT is a promising conducting polymer that has excellent electrical conductivity and
optoelectronic properties. Although LB technique is commonly used to fabricate the highly ordered films,
PEDOT cannot be applied to this technique due to the water-soluble molecules. Yang et al. [1]have
reported the fabrication of multilayer (5-80 layers) thin films of the conductive polymer PEDOT-PSS
with octadecylamine (ODA) using the LB method, and the nonlinear I-V characteristics has been
observed. In this study, we report the successful fabrication of a PEDOT-PSS network with ODA using
the LB technique in order to clarify the characteristics of conduction mechanism.

[Experimental] Several kinds of PEDOT-PSS dissolve the water in the LB trough. After dissolving
PEDOT-PSS, ODA (0.5x10*mol/L) of 10 pL is dropped on the trough. After 1 hour incubation, the n-A
curve was measured. It was found that the number of amino groups in ODA is equal to that of the
sulfonic groups in PEDOT/PSS when the concentration of 3x10° volume percent. We define that this

ratio is 1:1.

. . . 40 b PEDOT-PSS100pL only
[Results and Discussion] Fig.1 shows the w-A ODA10uL only
curve observed varying the concentration of 30 ::fg
i ) E | :
PEDOT-PSS with the ODA. The purple line shows = 20} 1:5
£

—— 11

the n-A curve when the ODA only. As seen the 10;

figure, the pressure does not increase even at the

smallest area. The brown line shows the n-A curve 0 20 30 2 s s 70 0
2
cm

A -4
when the PEDT-PSS of 3x10 volume percent Fig.1. Surface Pressure of each ratio of

without ODA. This n-A curve shows the small ODA and PEDOT-PSS

enhancement at the small area. However, the

pronounce surface pressure enhancement was observed if ODA dropped on the water-air interface. It was
found that as increases the concentration of PEDOT-PSS, the surface pressure increases. This result
suggests that the PEDOT-PSS combined with the ODA at the water-air interface due to the ionic bonding
of the sulfonic groups with the amino group. Although the preliminary result, non-linear I-V
characteristic curve was observed for the PEDOT-PSS network (1:20) fabricated by the LB method at the
surface pressure of 25 mN/m. We will show discuss the detail results for I-V characteristics with the
AFM images of fabricated PEDOT-PSS network at the presentation.

[1] Yajie Yang et al, Colloids and Surfaces A: Physicochem. Eng. Aspects 302, 157 (2007); Yajie Yang et

al., Thin Solid Films 516, 1191 (2008)
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AFM observation of microparticle latex film under tensile strain

OFeng-Yueh Chan ', Natsuki Watanabe', Yuichiro Nishizawa?, Yuma Sasaki’,

Daisuke Suzuki?, Takayuki Uchihashi'-?

Dept. of Physics, Nagoya Univ., 2Grad. Sch. of Environmental, Life, Natural Sci. & Tech., Okayama Univ., >ExCELLS
E-mail: fychan@nagoya-u.jp

The behavior of materials under mechanical stress is a crucial consideration when designing new materials
for a sustainable environment. Thus, the emergence of waterborne microparticle latex films has garnered
significant attention due to their outstanding mechanical stability and environmental sustainability!.
Although macro-scale testing devices have advanced our understanding of latex films, the lack of
microscopic observation hinders our comprehension of their breakage mechanisms, potentially limiting
further improvements. Atomic force microscopy (AFM) is widely used in materials and surface science due
to its exceptional spatial resolution and flexible observation conditions. In this study, we incorporate a
uniaxial stretching device into a tip-scan type AFM? to demonstrate its applicability through the
observations of polymeric microparticle latex films under various strains up to 60%. The results reveal that
the latex film experiences a variety of transformations under applied strain, including particle deformation,
interparticle separation, and domain rearrangement. These behaviors suggest that the mechanical properties
of the latex film are not only complex but can also be optimized during the manufacturing process. This

insight opens up new avenues for tailoring material performance to achieve various objectives.

peay Wiy 2dAy ueds-diL

2635 aldues

Fig. 1 (a) Photo of developed AFM. (b) Rendering of the stretching Fig. 2 Comparison of latex film surface under 0%
device. (c) Stretching motion of (b). and 60% strain.

References
Y. Sasaki et al., Langmuir, 39 (2023), 9262-9272
2F.-Y. Chan et al., Rev. Sci. Instrum. 93, 113703 (2022).
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RFRANEMERIC & 5 E—RDFORBIEERE

Mechanically Induced Structural Inversion of Single Bowl Molecule
Investigated by Atomic Force Microscope
RAFEE L, |RARL? OFH X! ARk Wiz FEH SAB2 #@F HiE?
®E EHR!
Univ. of Tokyo !, Osaka Univ. 2, °Kota Iwata!, Ranmaru Kuno?, Ikutaro Hamada?, Hidehiro Sakurai?,
Yoshiaki Sugimoto?

E-mail: kiwata@g.ecc.u-tokyo.ac.jp

WM Z &30 2 BIRIG )R EMIG 7178 & OB R RIS 2 5| E B ZTHE 0 H 5
ZERAMBINTND, T XD I BRI Ko THIEE Z SN TAH /7 r I A
FU—] EMENEHZED TS, ZNETOAD /I AR —F, A= IO 5]
SR Y 72 EOFIETHZEN TR T &7, IHETIE, EBR b o VB (STM)SC 1 7 51
MEAFM)Z IV D 2 & T, FEREmEICWAE LIo A0 1 DT BOG & B— 53 A r— /L CTF5E
THIENHREIZR S TEY, Hx EFRICHHESF LV THRLNTE TS, L,

H—00F L)L TOAR ) 7 I A MY — & F 2 D806 OBARIEIC X 200 &0 2o
WEFNLZ < DTN THH[1-3].

AAFFETIE, A~ R By T OREEE A ARM BREN SO DHIZ L > Tol &l Z Lz, A+
F UL Fig. @I T X9 IR OE L FF O 7 Th Y  AFM BEt 2 iE S T ha x5 2 & T
M SR EE 2 % & PRSI D, SEBRIX gPlus B! AFM/STM % H W C 5 K O EE22 T TfTo 72,
Figure (b)IZ Au(111) EIT/ERL L7z A~ 3 o BB IE O & /0 fifae AFM 8 4 797, BiAs B 22l & (a7
bowl-up & FEHAf % [7]V V7= bowl-down 73 2 1 1 OIS CREMIICIE A TSHEE ZE-> Tl Y | et
720 Au(111) Eoo 2~ 3 U HJBIK[3] & 1T B 7R - oSS ST, RIS bowl-down b IZHESRF A T
ST THFZFAZAM LT & 2 A, bowl-up ~DREEZALNBE STz, Z Ok P Eet sk
NS ASA T ZAEEZEI L TWRW e MEEZLITEEE DRI ESN TR - TH &R D
Ehi-tEBEZ NS, HinrtEORE & & LICEE RO SOV THiE T 5,

Figure (a) Side and top views of sumanene. Black and white spheres
epresent C and H atoms. (b) High resolution AFM image of the

sumanene layer. Positions of bowl-up (blue) and -down (pink)

sumanenes determined by the AFM image are partially overlaid.

[1] J. N. Ladentjin et al., Nat. Chem. 8, 935 (2016). [2] A. Ishii et al., Chem. Sci. 12, 13301 (2021). [3] S.
Fujii et al., J. Am. Chem. Soc. 138, 12142 (2016).
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o-ERERERT A FESOEMMERE

Charge Transport Properties of Molecular Junctions with 6-Delocalized Systems
RIK! HEK? OfH# EXE', #d K2 B HFih2 SR B8, G #§?2
EE B Wk K-

Tokyo Tech.!, Saitama Univ. 2, °Shintaro Fujii!, Saya Seko?, Taichi Tanaka?, Yuki Yoshihara!,

Shunsuke Furukawa?, Tomoaki Nishino!, Masaichi Saito?

E-mail: fujii.s.af@m.titech.ac.jp

WAEDEANERIZ LY | F LT BT 550 FEA ORISR R R AU T b T g
INET, BWVERUREMNEA ST 0 TG 2R ICHET 2 L C, HEEO &y FEiko
EHIIARAIR THD EEZEZLNTE, L, 1RO o RO RITH D Z &%, o FHEAD
WERRZEREZIEHT 230 Thd e EZbND, AILTORE TIX, oW IER
BIF LIS LTz o- B REAL R D n-dE RfEL R A MITET D E L L THHN TV D (K 1a),
n-HEJRTEAR T, A%QA@%H%%ﬁﬁipﬂLpﬁbfﬁ THHMN, o-FFEREIARTITp
A X BT A PATICN S, o-FF R R FHEE 1T I81T D B I AR I 2 8 7\ S RRG T
LT EsZRME L AT LY he =7 20T ORELZIT LT 5 Z LMD,
n-IEER EFFOH— 3 T OBEME@EIIRVHER S, RSN TE R, o-ERERE RO
DFEGITNFEE A LRSI N TR, £ T, AFETIINCBUE EIZ 6 DO® LU0
BORICHLE S 7 o-FERTEIL R (K 1b) ZRFOHy G OB Arias % Break Junction 5%
THOLMNZTHZ EZHE LT,

ERGHE L OBEOR R, o-IERERE RO THAIL. 16RO n-IERTEREFFO%
&%@LT-ﬁm*%(:CTGFTHpSi%ﬁﬁ%rWE%Mﬁﬂ)@mw%ﬂﬁﬁgE\
950 uV K™ OB R & R BB ) 28§ 2 E R LN o 7o, ARSI, TRETIZEAL
WIS T Zehole oI RIERE AT 20 FHA OEMEIEDIELIEE L | o-FFRIEHuE %
AW =3 FRE R ORGHIN T RREZ 6T DB 6D,

(a) wr-Delocalized System o-Delocalized System (b)
RSe SeR

RSe SeR
RSe SeR

1a: R=Ph
—> 1b: R = Me
Charge transport direction Charge transport direction  1¢: R = tert-Bu

Fig. 1 (a) Schematic illustration of charge transport through mn- and o-delocalized
systems. (b) Chemical structures of molecules used for the present study.
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B—AFEBROERFHOE—REBHAICLIHAR
First-principles study of rectification properties of a single molecule cross-linking system
MEAI' OHB Wk, X KA, MF Rt
Kobe Univ. ', °Miku Furushima', Mitsuharu Uemoto', Tomoya Ono'

E-mail: furushima@eedept.kobe-u.ac.jp

(5] H-ORTEETT A ADRTE LTHWDHEIN, 47Tl 7 br=7 ATEFE
HPEE > TS, Bx B 1ITREND KD 72 Si2x2 Bk 255> © TR F 2 BRI R
BINTVDRICONT, FERZIRS b7 0 PR Z EBOAREMEOMFFRICER Y A TV 5[2],
Si2x2-Bph-Bph 771 (X 1) OZEERITERAIFEM IR 2779 Z & 23 Tsuchihata 512 LK > TREH
73] e kbR R I T B G e RERANIR A R ST oD BESRIMEIIAT & 2 DO IERPFREIZ IR T 5,
Texld, EADOEME HFOMERADEN FAHKEL T 7 T VY =L ARERE) BET
WREDIERIFRMEZ Ade Z & BRI L VR L7z [4], AR I, EMICEEZRIMLZ & =
DARTRFE % 56 FE YL B R N — A

Me iPr tBu iPr iPr
DI X o TR, B M s .
% y 7 - : HS Q } /ﬁ \\/*“\::X f ) ( I <ﬁ> <\J \Wandd
NROER AT HZ L 2L - Si,&i) s
L/f: iPY/IP' ‘V{Bu iPr iPr Me

N . . . Fig. 1. A chemical fi la of Si2x2-Bph-Bph lecule.
(F¥£)  Vienna ab initio simulation 2 chemical formula of Si2x2-Bph-Bph molecule

package (Z X V) | BRI D 5y DA FEXFR
TR RS 7 2 FRECR O 72, I,
FIEMZEEBNC L 0 26 OETIREE
AR DB EARA TR 2 5 L7,
e KFE o7z 2 FFADOUELZ EHNE
HIEIIX 2 DY &7 odz, —HIXEMIC
XLUTEEIC, b9 —HIIHOIZUEL T
WhH, BITEBITAMIT S FF L Au ER
BDEAFRAE L, b9 AMTIERHWVEE 2R
L7z, MR BT OISR 2 s 3

0000000000000
0000009000000
0000000000000
0000000000000

000000000000
000000000Q00

000000000000
000000000000

Fig. 2. Two kinds of semi-stable cross-linking system.

Do (a) A vertical system. (b) A diagonal system.
(&% 3CHK)
[1]1Y. Liu, et al., Chem. Phys. Rev. 2, 021303 (2021). (2023).
[2] D. Yin, et al., Adv. Electron. Mater. 2400390 41 STk s, 5 84 Bl R K2l
(2024). 2, REARHRA—/L | 19p-D903-13 (2023).

(31 mEEh &, 55 70 [BS AP BR T2 E TR i [5] T. Ono, K. Hirose, Phys. Rev. Lett. 82, 5016
e, ERERFEUAF v 28 Z, 15p-B508-8  (1999).
(&) ARFFEIL IST CREST (JPMICR22B4) D 4B % Z T 121 D TH 5,
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CNT £E£&t % AL /= DNA ik FM-AFM &8
FM-AFM measurement of DNAs in liquid using a CNT tip
@ KBE !, WPI-NanoLSI?
OKE MM, =EE EW ' W EF' RE ®F ' EM RIL
Kanazawa Univ. !, WPI-NanoLSI?
°Yusuke Mizuno!, Keisuke Miyazawa'-2, Keigo Teramae!, Ryohei Kojima', Takeshi Fukuma'-

E-mail: mizuno1112@stu.kanazawa-u.ac.jp

AR, AR TR D BEMET (FM-AFM) (3TREBAIICRIE L TR Y, P T 7 A7
—VBEZNEREL oo, ZHETIZ, FM-AFM &2 W T~ A BB LA h, DNA 72 EDH 7
T A= VEHBIRER S TE T2, — T, ARM DNIETERICHEZ CWARIEE LT, 7/ A
ROGEEFARIIT NI E A9 5 B OBLEL TlE, AFM 4 TRIZ LR ORRIE AR O X
DB DA TR LS, FEMICHHUARECH 2 LV ) mpngFonsd (K la), Frz, ¥
YR IR EOEKABI DL TT ) A AR EF L TERY . B EOT ) A4 ZDRIK &
REL ROV T ) A= WBE A WNLT 5 K O ISR RD 5T (B 1b),

Z TR TR, BT L L TR St =R ) Fa—7 (CNT) #ReFE1ERL,
T YA ZAOERRBBIRE~DICH 2 Bfa LTz, S\ FBMEN T, 240AC 7 > F L 73— (OPUS)
O Si PREHediiC CNT Z2284% L CEI TG~ 2 2 & T, JedmEf 5nm LLUF, & & 100~200
nm @ CNT #EEHZERL U 7=, AR BIOET L% & LT pUCI9 DNA % vy, APTES Efifi L7=~
A J FEMR EICIEE L7z DNA Z Bk H < FM-AFM #Hl L 72 (K 1c), — %78 Si g8t & V5
& DNA O BT EOBEAIT 10 nm FLE TH 7248 (X 1c(i)) . CNT #E8tH% V5 & DNA OAK
DOERIZIVESR 2 nm) TR LS/ (K 1e(i), £7z. CNT £ET DNA O —&E 5H A
EGMEE b TE 5 2 B 0o,

LLED#EY | ONT et &2 VD Z & T, 53RO Si 8 L 0 BIFET L~UL TRARBIEE S 7= et
BEZHND Z LN TE  DNARK T EDF ) A4 ADOKE I 2GT 5 AR RO T
) A= WBEB L OZOREOV T ) A — AN THH Z ARSI, Tk
Y. T FM-AFM OF EZREHORESLCERMEO M LICEIRT 5 Z L hdiff s s,

a b &

Mica Substrate

10 nm T

Fig. 1: (a) Schematic diagrams of AFM measurement of DNA using (i) Si and (ii)) CNT tips. (b) TEM
image of CNT tip. (c) FM-AFM images of pUC19 DNA on mica using (i) Si and (ii) CNT tips.
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FRFREDBEMEZERA V- A4 X+ X0 HhE 4 ST
Evaluation of mechanical properties of Arabidopsis thaliana cells
by atomic force microscopy
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MR KR Y ILGEE" , #FRE’ BRE >, dAwR° #ug—ap et
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T &

YIRS 2 C, FHOREICEIST 2, ZOBREBMET 57201203, ML~ T
DIJFHPREEAL Z N D LB DV | k7 J170E 2 7IRe & 2 R BEEE (AFM) 237
HENTW5, AFM Tid, fEZEMHEFRSCIIRZRIET 5 2 LN TE 2, MRV TE,
HHRRBE DOBRYESR E - 20K - I P VML Tl | KEREZ 0L CGRHi T 2 L E R’ H 5,
Fxlx, MluBEZ O (=) LR T Vo VBERICK AT T, E & P 2408 L TR
T2 HEVERE LT, AR TIE, EBRIEH TH 5 m A XF X ORELG RN ~0wEH %
FEt L7,
ERLER

FHIEND 20 AED T 1A XF XS FEWNE 3 O o L1235 L
ERKPTHTZARNBMLT a2 lZB@BEL, QI £— R (JPK
Instruments AG) THZIK & AN Hi#R 2 & L7z (N=4), Fig. 1
R T Elcvm A XF R FHEL KB O —E % #5128k &
7o L, RO Z g L U Kl & Bl o dh R A2 4572, Fig. 2
(A B2 B 0D ARF A 2 a3, A B2 HEHR 0D ) B i 1 S 42k
EREOBINCARAT L CIRME & 72 o 72, FERMEMEIIC B8V T~ Fig. 1. Topography  of an

B . R epidermal cell of Arabidopsis

Y OEMBLRIC L0 Yo 7SR ARG LISRER, E =55+ 28 MPa  haliana leaf blade. The part
PEF DAL, Bl RS 2SN B IC o TR AL ISR IZEBRIc  surrounded by an oval shows an
N elliptical hemisphere for analysis.
SN, EREROEE 22 = VO RNTORIEE LTy =v
FiEh & L 72 f5 8. P=1.4+095MPa, E= 200150 MPa & 7 1:\5
St, PIE. Ty vy —7u—7 k& A SCEE & A3 )
Ui, ECBILTH, & A CRDALIEAR, ~ Ay Ol 5 o\
HERTHONATMELY b REWKER E R o7, b—F LN
P L AREREZH V2V I 2 b— 3 U TH L TR i
QL n—BT R Thote, —HOMBREIY, v A X 0

0.8

0.6

Vertical Deflection (um)

AFNHkT B 2 VB E FHWTZE & P OB MMA RRETH 5 o 020 010 0.00
- > — Vertical Tip Position (um)

= ARSI, Fig. 2. Force curve of an
2D IN epidermal cell of Arabidopsis
(1) S. Tsugawa, et al., Scientific Reports, 12, 13044 (2022). thaliana leaf blade. The green line
(2) W. Li, et al., Plant Physiology 2022, 188, 1435 (2022). indicates range for estimating

apparent stiffness.
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SiGe REE BRI+ /=y I/ BERT/BEICKD
Si MRDc/xHEDmE L
Improvement of o/k Ratio in Silicon Thin Film
by SiGe Super-thin Film Interface and Short-period Phononic Crystal Nanostructures
RXEH', RR#BHX?2 CHERA' NEHEHEE"? HEEMR, EHELAR"L BAKRE'
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TR BN Ao x X —ofFHAICmT T, vV ay (S vz hicfEflsh 2B ERES
F O N R E OEERE LIRS TN D 1], BVEMERE E 72012 Si MR O B R mE
FEBMREREA AN THY . ZNETES 2um LLFO Si BIEIZBWT T+ /= v 7 i

(PnC) 7/ #E1& I L 2 BVEMERER LS STV B (2], Alal, SidEEIC SiGe B#E A4 A L
T EBAG TR OWERRIZ PnC F / #1&E & A5 b o3 lEHT DWW T, I N T M OBMAE R « L E
SURER o& il L7z ROV THET 5,

B R SOl EMK EDJE X~20nm OHFEFRE T U 2 U EO EiZ, EE~80nm DY 2 K3 &
LIEE~3nm D SipsGeor WK 2 B AR HIZTEE X ¥V v LR L, JES 270 nm OB 1% % 1F
BT, PAFUEANE T =— O Hall FIEIZ LY ¥+ U 7IRE 1.4X10°em?, 6=46kSm™ %
7z X 1(a-o)l R u-TDTR EIZ K 2l E & 4 36 T1EIC X 2 olllE DS FTRE /R 3Bk B ERL L
JEHA 400 nm & 200 nm O [ FLELY PnC #EE 2 HOWTHIE 21T - 72, fERICHOW T, £ PnC -/
HEIE D 72 S IR OIE 1.5 Wm 'K & 72 0 | [FFREE OJE S O sl Si & bl LT 1/4 FREEIC
RoTHEY, SHITRY ZIEO/NE72 PnC ZAF4 5 2 LT 23 WK £ CTIRBE L7z, A
400nm @ PnC [T W TIEZERRRDOENMNZ L Vo b K& KRS Hu, o/clTERR L 7223, AH] 200 nm
@ PnC [E[FE U2 v 7R THZEREN/ NI W OIS/ < | okZm ETE LR EHT,

: 15 20— : ‘
Si substrate ~ [(d) O 2=400nm ©)
X - et 18- @ a=200nm 1
Au transducer for TDTR e | Smeme = 115 WIKE o wlo PnC
=) 2 ® | o
=10 =
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Figure 1 (a) Scanning electron microscope (SEM) image of fabricated micro-bridged structure for u-TDTR and 4
probes measurement. (b, ¢c) SEM image of honeycomb PnC nanostructures with period of 400 nm and 200 nm. (d)
Measured thermal conductivity of Si and SiGe films as a function of PnC neck size. Broken line shows thermal
conductivity of pristine membrane without PnC. (e) Ratio of measured electrical conductivity and thermal
conductivity normalized by pristine membrane as a function of PnC porosity.

FEE « AAFJEIL. JST CREST (JPMICR19Q3). JST Akt fliE®dE (JPMIMIIOAL) . 36 K OB EF
JEE MBI (21H04635) DIHRIT L0 BT S 417z, B ITHKR : [1]R. Yanagisawa et al., Mater. Today Phys.
45, 101452 (2024). [2] M. Nomura et al., Mater. Today Phys. 22, 100613 (2022).
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Stranski-Krastanov iR ZRAWTHERE L 1=
IERXIYILSIRT/ Ky FEH Ge EIROBEH4

Thermoelectric properties in epitaxial Ge films including
Stranski-Krastanov Si-based nanodots
BRAREEBET L, BRK OTRI? C%E4E #', FH &iF ' A BEE 2 B FogL2
Eng. Sci. Osaka Univ.t, OTRI Osaka Univ.2
°Arata Shibagaki?, Yu Hirata!, Takafumi Ishibe!?, Yoshiaki Nakamura??

E-mail: u966757c@ecs.osaka-u.ac.jp

[EE - HW] Si < Ge ld, BERKAKMECTH Y mWEBEH IR FE269 55 [1,2). ZOEW
BMRER (1) DEVEMELE LTOISAZIT T D, Z O BEZ fiER$ 5 < Si RO I
74 ) CHGEUR L U TR SiO AT L v ) - BEEE O Ky b (ND) 238 AT 252 & T,
K72 KA R SN TE[2,3], LAl RS SiO, DR CEFBELNAEL D Z & T
W PME T 5720, thIS A AREZ2 EREICE L TR, & 2 CHox X, Si &0 @mW AR,
Rz 60 Ge Ml L | SiO; 2 W2/ #EIEDE AN A E 2, Z Z Tl Stranski-Krastanov (SK)
FREIZE Y SiAND % Ge Jg LI L, ZHAEMEE L TER LI EZ X2 v /L SiZAND GA
Ge WA IRET D, AEETIE, 74/ VHELATH D ND IZ X D aDE L =82 F 2 v )L Ge
FEEREOBHARFIZL Y, mOAEEESHIfF X5, T2 T, AFETIE, EiEEo
TR 2 et L CE OBERHEZHA LT 2B E L,
[EBRFYE]  Si (001)Jtk % Hirm 22 (~108 Pa) (A L7-#. Si &tk LICEREF Ge Ny 7 7
JExTER LTz, £ EIZ Sik ND % SK AR CTIER L7 (2.35 nm, 500°C), £ ® LT Ge g%
T VXX v LA L7z (40 nm, 400°C), EFEO Si % ND/Ge JE O EmFE% 5 [Al#k 0 K L Tl
J&3 %5 & T, Si R ND&H Ge MlEAER L7z, AKEBIZP A A EAZLD K= T &7
olo, MEEBIEIE, SO EEE T EITE, ERRE ML (SEM), R IBEMEE (AFM)
SV, BVEREREMICIX ZEM-3, Hall 23 HIE, 20 5% % Az,
[FEFR] ND BEZEAICHIRIERL L7- SiND/Ge /Ny 7 7 J&ISi D AFM 06, Ge Ny 7 7 & |
{ZND 28 SK iR LTWD Z &AM LTz, S 612, B L7l oW SEM 525 ND J& &
Ge B b7 HfEEEd Ml Uiz, AGe MIKOxZHELIZE A, LT D Ge 1r5H~90 %,
Ge HEMI L U £~78 WK L T\ 5 Z LMot Fio, K Ge EIEOBBIE L, /L7 D Ge
WAHIZEWMETH D Z ENahoTe, S HIT, K Ge WD Y —y 7{7EIL, mE - HEERT
A T ACAMIEELD S % B LI B & — BT 5 2 L2l Lz, b iy, JHVvEY Ge
RHAHCRO SR TG b7z, AR T, @G & BVEREDO BRI OWTRER 2,
[B#E] AWFsto—ix. FHEUF98 A (23H00258) DOSHRIC LV {ThiLT,
[Z%3CHR] [1] Y. Nakamura, et al., Nano Energy 12, 845 (2015)., [2] Y. Nakamura, et al., Sci. Technol. Adv.
Mater. 19, 31 (2018)., [3] T. Taniguchi, et al., Nanoscale 13, 4971 (2021).

© 2024%F [CRAYEER 100000000-094 CS.11



18a-C301-3

© 2024%F [SRYEES

Investigation of Heat Flux Sensitivity of Silicon-Large Scale Integrated

Thermoelectric Device
Waseda Univ., °Md Mehdee Hasan Mahfuz, Taisei Mito, Tatsuya Hayashi, Takeo Matsuki,
Takanobu Watanabe
E-mail : mahfuzhasan502@fuji.waseda.jp

1. Introduction

This research demonstrates an advancement in the
realm of heat flux sensing through the development of
cavity-free thermoelectric (TE) devices. Conventional
heat flux sensors often face difficulty with achieving
optimal detection sensitivity while minimizing
interference with the measurement target. In response,
our study introduces a novel approach, exploiting the
advantages of cavity-free architecture to enhance
thermal resistance reduction and boost heat flux
sensitivity via miniaturization and large-scale
integration. In this work, we investigated the heat flux
sensitivity (HFS) of large-scale integrated TE devices
that utilize 50592~70668 stages of silicon nanowire
(Si-NW) thermoelements and, in a bileg-type device,
the maximum HFS of 345 mV/W of was obtained.
2. Experimental

The cavity-free TE device has been fabricated on
the Silicon on Insulator (SOI) substrate. The SOI layer
was turned into wires and pads by photolithography
and reactive ion etching. TiN/AICuW/TiN/Ti were
deposited by sputtering and patterned into electrodes.
Figure 1 depicts the device schematic. Two varieties of
TE devices, namely unileg (comprising n-type
material) and bileg (consisting of both n and p-type
materials), were manufactured. The integrated devices
have 50592~70668 stages in an area of Smm x Smm.
The hot-side electrode including the heat guide was
heated by attaching a heater on the top of the device,
whose temperature was maintained at 25~35°C. The
schematic of the measurement process is shown in Fig.
2. The TE device was sandwiched between two copper
plates to certify the heat flow. HIOKI Z2012 ‘S’ size
heat flow sensor was used between the device and the
upper copper plate to measure heat flux [1]. The cold
stage was maintained at 20 °C by a Peltier cooler.
3. Results and Discussion

To characterize the sensitivity of a heat flux sensor
several parameters such as heat flux density, output
voltage should be measured. The sensitivity of the
device can be obtained by dividing its output voltage
by the externally applied heat flux (Fig. 3a). It can be
seen from the experimental curve that the maximum
sensitivity of our fabricated device is 7.1 pV/(W/m?).
It also can be seen from the correlation coefficient (R?)
of the fitting result that the fitting curve is above 0.99,
indicating that the device has an excellent linear
relationship with the measured heat flux which is very
crucial for an ideal heat flux sensor.

To compare the fabricated device to other heat flux
sensors, the sensitivity of each sensor was divided by
its area which is known as volt-watt sensitivity.
Although the magnitude of the volt-watt sensitivity

of the device differs from our previous report (highest:
Unileg, stage:70668) [9] due to the variation of Ion
implantation in the device, this new investigation
finds that the bileg TE device also shows the higher
volt-watt  sensitivity as compared to other
commercially available heat flux sensors (Fig. 3b) [1-
8]. The volt-watt sensitivity of bileg device is still
lower than the previous unileg device. By considering
TE power, the bileg would be superior to the unileg
due to reduced electrical resistance. However, HFS,
which is related to open circuit voltage, is higher for
the unileg device due to the larger number of stages.
Conclusion

In this study, the HFS of integrated devices with a
cavity-free structure was demonstrated. The fabricated
device shows the highest HFS as compared to other
sensors. The device will lead to a new effective way to
measure high HFS.
References
[1] www.hioki.com [2] www.greenteg.com [3]
www.omega.com/en-us/about-us [4] www.hukseflux.com [5]
www.prede.com/english/phf-100Lhtml [6] Q. XuMeasurement
198, 111419 (2022). [7] W. Tian, J. Microelectromech. Sys., 29, 36
(2020). [8] A. Grifford, J. Thermophys. Heat Trans. 24, 69 (2010).
[9] Mahfuz at el, SSDM 2023, C-7-03
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TL—FEEBIAVOREBRET /A AREBURED Si 7/ 74 ViEKES

Si-nanowire-Width-Dependent Performance of Planar Integrated Micro Thermoelectric Generator
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[1XTHIZ] ToT T34 ZDOEFRENEIR & L CEREE
PO X ALX—%2FHT HEERE
(Thermoelectric Generator; TEG) HiffrlZ#Eif N
HFEOLNTWD, Thx OBFZE 7 L —7 1% Si-CMOS
Tat A CRUER[RER R~ A 7 n BVERET
PNA X (BEFE p-TEG) ZBASEICHR D M A TV D,
Fx OERE W-TEG Tld, H2RE D4R B & E 2
L LTHY, 2205 RFTICEEZEAL T
FEMFE T ICHECGE U728 SiF 7 U A (S1-NW)
WIREARZER L, BEEITO, JILVETOMN
8T, SI-NW B2 LEFBEL LFAZ & T

FEEEN LRI L 2R L TV D, AL

Si-NW g DOLEFE n-TEG DFEFENERE~D LR A A
L7,

[EBR ] EfET A ADER T v 2 XL
DOEY THDH, £ S0I HAKD SO % Si—Pad &
Si-NW {Z/8F —=> 7 L7-, Si-NW EIX lum THE
— L.Si-NWiE% 0.1,0.3,0.5,0.8um & L7 O0. 2um
P T 70 R AFFNCELE L=, £72. WL < 0. 2um
RIfE . B8 3, 12um @ Si-NW % 3 AFHNAfF~7-
HOBIERLL 72, eV T SI-NW i & #\ie b ¢ 78
W, PA AU E R—2R 2.0X10%/cm® THA LT,
Z O FIZERHZEE L LT Si0,, BRI LE &
LT TiN/AL/TiN/Ti Z il U 7%, JeE ki &
LCSi0 ZmlE 7=, D%, miRll Pad © _E&S
WCET, RONEER L 72 b & BEAE TR L, &
Bl Si-NW O FIZF ¥ B 7 ¢ (45R) Zaxl) 54
LRI 2D D 2 RO RS n-TEG 2 1ERL L
7o TEREREIEDOBE D 5 XeF, 7 A T Si FEAK
EERPICmyF 7L, £ 24um OF ¥ BT 4
% Si FEMRNITIER LT,

T NA AOENEFEIERENE T, |RICRZN
7oA T — VISR 1. Tw/mK D B —AR v
— h&HE, 2O LRIZEOT A R EHE T Th
iz, BEROEREMICERZEML, ZOHK
FUMBC X > THM u-TEG ZBRE) L 7=, EEK D
REX., TOREIL CRBW IR E- PR %2
W, BIHAINL-BoBRPE L REO T,
[EBRFERLBE] Fig | [ZBHKEIE & Si-NW i
DO DOREREZRT, F¥ T ¢ (Fig. 1(a)).

v 7 4 A Fig. 1(b)). WITNOHATHHA,

Si-NW BEAFEVER, BHACEEIE SR & < 722 8
BT, Si-NWE 725 2 & ¢, 2R
KEL 2D SI-NWIZ &0 K& ZRIEEAR AL
SNl EBZEZOLND, FYET 4 BRI
A, BB 30 LR LT, v bET
LI LS TEEA~D Y — 7 AL D 2 &
DR THDHZ EERLTWD, Fig. 2 12, &
RFESI & SI-NW RO & ORRE RS, ¥+
T 4 72 LOBE . W Si-NWIEAS K & WIE &3¢
BEENKE L pole, UL, Si-NW O

KR X DBEEORD L0 BRSO
NEDRKENST2T2DTH D, F¥YET 4 2RI
7256, Si-NW AL 3 RKOLE CTlLlEEE O]
DI BIVTZDN, 10 RDOEGE TIE Si-NW iliE 0. 3um T
E—7BR BNz, TAULSI-NWIEOAF AR EX
<720 Si-NW EOBHHLA Fos > =55, En
SNDREEN/ NS LS polzlzbEEZLND,
Fig.3(b) TH., TN A LD, FX¥ ET 4
ERITT-5A . Si-NW ERICEIIN S A IREEN K
Lol 2 ECREEN KIS L2, %
D5y, Si-NW HEROBHHUTHEREN K & KAF
TH LT D726, Si-NW AL OEW S BELEAL
L7=-&EZ2BN5,

) o U = 85 n-TEG Z/ERLL . Si-NW ig
KM EFELSHE L, Sy ET 0 2R IT 20
LAIESi-NWigZ K& < LESREIEZ TIF5Z &
DR TH D, — ¥ v BT 4 2R T 5513,
Si-NW DB & EXIRPLO F L — RA 7R3 A
BAVSI-NW % 70 AN FHERE L 72555 C L& 0. 3um
N RE & 725 Z ERHALNI o7,

[#fEE] AWFZ2i% JST-CREST (JPMJCR19Q5) . FHiF
o« FUFSE (B) (23K22800) D X HEIC L 0 i X
iz,

(%3] (1] S. Arai et al., 2024 Jpn. J.

Appl. Phys. 63 02SP38.
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Effect of Se substitution on energy and FWHM of Raman active modes in Bi2Te3-xSex
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Fox 3, Bi-Te RENEMEID T =0 27 MAOYEIER T~ o7 M+ 5 2 & T, K+
RBYOIF ML FE L, KBSEROERARIE L T D, BIEIOFEERTIE, 74/ S HELE
BT DIERFEDFHIICA R CTH D Z L2 Lic. AEIL, ERZEERELZRD, K3
AL STV D Se EHL L7 BVEMEI 255 L L, BIREIE— RO 7+ /) =X —DIREZEAL
ROEIED 70— R=2 708 Se BHREIZL > TED LI ITELT D2 0EHLMNTT 5.

BiTes..Se, DM EH T FEFRVARIE & BEMRIBELIC X o TERLE L, X BRIEPTE T& RO i
WEEFRE Lz, 7~ U BELDEREOSME, AR v FE lum @ 660nm O L—H — 2] L,
R & Z(XX) ZIRE DS TRIE 21T 72, 126 — 363 K OIREHIPITT ~ > A7 ML & RIE
L, BoNART MV EKRFIREIE— N (HNREIE— N E, L ESMREIE— FAj L AT,) L
IZFEFT L, Se R—7"&IZ K 2IRHE— FO TR /LF =k O 2k 2157

1 {2 BizTes,Se, DT~ 2 AT hLART. BOFITAET =2 TH Y, FEkiE Voigt Ba%k %
WeTZ 4 T A TR TED. 3 ODT v ARERIREIE— N (B, Al Al DBHISND.
Se F—7EOEIMZON, FE— ROT~ 7 MIFEEEM~Y 7 8T 2578, AlgE— FO%
fERIFMMEET— FEV/PENWZ ERER SND . IREEEOIERVALT— Fid Bi-Tel R FO—J5
MO FIRE T 5728, Se BHUZ L DLV NE WD L BEZ HND. B — 7 ONHiR
D Se JRERAFMEZK 2 1T F. AlgE— FERRY, B, T— FONEEIT Se F—7 BN
STRELENT D, ZhiE, (1) MERHEOMIC L HALE— RO T~ LU iE(l, (2)Bi-Tel
AR FE Bi-Sel Ry ROZ XA F =D ENFRRTHLEEZBND.

303 K, I660 n.ml. Z(XXIJZ. half—\\-‘ave plate r 0.0 05 1.0 1.5 20 25 30
1, 2 20 — T T T T T
Al e Al -
I A RO e F e 151 Alg mode
FAS ™ —
MM;\ R e Sl x=2.5 10}k .",.‘,‘! {’_1\,“. ¥ g s
e S STIEE S ORI N =23 t w1
S 5t w12 7
‘@ it x=2.0 ‘
= ot
Q ] 7 20 L Il 1 1 L 1
et e X=1L =
= E; mode .
= x=15 fEi 15p % % 1
T = J
N x=1.3 = o i -
— I —a—a T
b= : = Sy B 4w
E x=1.0 E | S, B .
E x=0.9 20 n L L L 1 L
{x=0.7 A}, mode
sk e n ba |
x=0.5 e
1
o ¥=0.3 or A
\ A - A7
L ‘“i—a‘m.\ﬁ.r.«:" \"ﬁhwl-'“w.\-ﬂl,m,.,,—fr,._w x=0.1 O o *‘\f"tif" e

5070 90 110 130 150 170 190 "T00 05 10 15 20 25 30
Raman shift / cm™ Se content x
Fig. 1 Raman spectra of BixTes..Se; Fig. 2 FWHM vs Se content in BixTes..Sex
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Thermoelectric properties of nanobulk Si-Ge thermoelectric materials with suppressed oxidation.
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Si-Ge RENEM BHI LB R 22l C JF 72T
FENDHERINEY, ERICB W TR E W
R CYERBR L ZT . Fhx L, mTxb
X —lERRR— L I T K DT Rl &K
5 B EBERE EF O OF FHIC X D RiEk R Ol
£V, BTEMEEE . DOF LW A B L
72, 51T, RED Fe 2 X 0BG 2 %
HINCEFT 5 2 & CERTIEZHIE L, BErs iR
FECTH D 900K T ZT = 1.88 Z7x 9 n SR D
PERUZ Rk U7z, MBEREIR Ll EomiRikic s
W, ZT=3.7 28I L7220, 5 #dibo
7 at AT 5B OB L m IR E
272 P T ORI D, FIHHRBUHE O
PEICRHENE Uz, BIgbe P AR &85
T, BWESKENELER T2 LR TEN
X, IDICKRERZTEZH/ONDAREMEN S 5
EEZI-.

ARFGETIZT / 7SV Si-Ge REVEMED
ekl 2 Bro & LTl el o EfRl 7 o
TADESLL, TOFEEZHWT, ZT Om Lk
ZHfELE.

EBRFE

ZT=1.88 (900K), LT, 3.7 (1000 K)%
B U740 R% (SissGessPio)ooFer Tl & 1E MY
L7z, IR A —/L I L% T 70 vol. % Ar+
30 vol% Hy DK T CIREN ZIREG Lo MR
A= ANTaA 752 8T, F i
b L7z, @EocsE 1EY Y Of{b oA R A Hh
TR —OMHMEN Si LV HREW Zr
Mg WD RT, R—L IV TERIL =T/ ki
FByR &I IATL, 798K, 350MPa, 2 o
STV RmMEREMSE T TV L
72 SV T B OB T VR AT AIEIZ LY
HEGEED 90%LL L TH D Z L R L.

TERL L7230 7 3Bt OMR XRD /"4 —2
MHAAYEY REEORMRETHD Z &
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By Z R OMEKRHE (400 u VK A
FFL7=FF, 900 K LA BT 10 mQ
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% Investigation of the composite effect in pelletized AgsSnP7 composed with multiple phases
9oL IBERSA T OO0 Bt k—, HH 2B MRF Bk
JAIST, °Taichi Nakamura, Masanobu Miyata, and Mikio Koyano

E-mail: s2320038@jaist.ac.jp

Fo 2 13V AL EEIR AgaSnPy & iR EAR AgeSieSniP1 & & Teit 6 FH THERR &7z, AR D
72 % AgsSNPy BEAE IR OEEMMEIZER LT\ AR = OB RO R STHERERR SR 2T 13, KO
ZT 725 10 fFRL LM ELTRY, Zhid, AL ThZio BHEOWMEE) S I3 T 20
L EWE L, R TIE, 2 OROWIMEE KO Z WIS VR EIRA (2 X fig
Mri, ZMERBEOYYE (EXImER o - BE—_y 7155 S) #HBTEX I REELT. £,
HUL R e BB 2 RI2T & E 2 B D AgsSnP; DR RIBICE D o, SDEKITHOWTHRRAE L.

AWFFECIL, Bergman-Fel OFZEE EHIBA IS &, ZMBERIAOYM: %2 HE4 25 AgsSnP,
BT AQeSieSnaP1e & & BRI D AG b TERUZEE o, B— Xy 7R SIZHOWTEE L.
GBI, AgsSNP; & OFLZA A T AgeSisSnaPr & AgsSn OMINEE 2 L, AgeSisSniPr &
DA A DOEERHE AgsSn & SnaPaogs ODMIMEIEZ I L7z, ZOfR, AgsSnP7 e U8 AgeSisSnaPiz
HUF O FEBRE CIXZMBERS R OMPEEZ B CE RN L2 LI L. 20 2 SIS MEER R
O FBIT 5120%, BRIV AgsSnPr ~3F v U 7ML &, iR sk b e
LHENDHLHZ L ERBELTND., b ) —20rFME LT, HMETIE Ag REBIZEDV XX U T
PREG-E LTV AgeSisSNaPre ~DF ¥ U 7T HEE MR S 5 Z & T H ZHBER IR DOWPEZ B8

Tx%.

AGSIPy ~D% ¢ U 7 KT ORA & LT, BTRE ’j__""\Agas;pf S -~ O'
BREFBND. Fig. 1 AR EMET 52T L T ) ’
BT RIS AP 00 S0 71 MEFT. Ag i 2 i
HEHEb0 (FE) LS RASERLO (§6) 1T 5
Bl (B2 Sl SHZRELETET, pEes O ml FEREPREMTE
NBAREEEIROYIER (100 UV/IK FLEE) 1@< #L 0 Lottt s ]
TWRWZ ERbNb. ZOZ L%, Ag=< Sn KT, %ﬁﬁ]?ﬁgﬁwi(;;;i;ﬁﬁé)o /;;"nlq?'

ZORICBTLHF ¥ ) TREOTON &R 2> Fig. 1 S- o relationship in atomic
TN LA RIELTNG. deficiency system of AgsSnP5.

[HERAIIZEIX, ST R HARIFZEE BRERAOAFSE 7 1 27 F A JPMISP2102 D3 iE & 52 1T 7.
[1] oA K— fth, 25 71 [ PR S B ZRANE TH  (2024).

[2] T. Nakamura et al., 40th International Conference on Thermoelectrics, 2024.

[3] Bergman, D. J.; Fel, L. G, Journal of Applied Physics, 85, 8205 (1999).

[4] S. Sakane, T. Ishibe, K. Mizuta, M. Kashino, K. Watanabe, T. Fujita, Y. Kamakura, N. Mori, and Y.
Nakamura, ACS Applied Energy Materials 3, 1235-1241 (2020).

© 2024%F [CRAYEER 100000000-100 CS.11



18a-C301-8 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

FiEEERBAFHICES CoFMN—7 - R4 R5—F& TiNiSn D& EMEER L
Improvement of thermoelectric performance of Co-doped half-Heusler TiNiSn by off-
stoichiometric composition
BEKRETL L, O ik, & RY 1, b2 F >
Yokohama Natl. Univ. !

Kosuke Yamazaki', Taegyun Kim', Hiroshi Nakatsugawa'*

* E-mail : nakatsugawa-hiroshi-dx@ynu.ac.jp

IN—T o RA AT —4A 4 TiNiSn (FEREEEANEN & <, @i (<1273 K) THLFEMIC 2 E LTz
N BIBGERECH D, Fox DIFFE S /V—7 1% TiNiSn OESZEZ P BUZHIEI 24585217 -
THY, AIEIEE 71 BRSPS R R ANGERS)OFER TIL Co F—E 7128y pRIIE
b &7~ TiNijCo,Sn (0<x<0.15)DENVEFEIZ DU THEF L 7=, TiNijLCoxSn (0<x<0.15)1% x>0.03
TELRLEN N NS P AL L, x=0.05 DFF, 7=700 K T/ERL L7238t Toi ko
ZT(=0.12)% 1~ L7z, Al Fx 137 Emmbl S HlA 9% 2 & CCo R—E > 2 L7z TiNii.
2CoxSn D ZT 6] FIZEkF Li=12 8, FOFEFIC N THRET 5.

AREOERIC I BB E RN G N D T — 7 EREE Wz, ZnEhoE % &5 15 ¢
Wb K OMEL, BZET — 7R E L2 VT Ar RS F T L, /ER U230
AYHEMTIZE D BEROTE(e, S : TXTX1mm, £ : 7X7X2mm)~& 810 H L=,
{EBGIE D 7= 0 7 B 1 Z B 225 A LT 1073 K, 168 h O¥JE AL 21T - 7=, ER U 7= sl R
X BREFHE Z1TV, Bzl R — b U — UL MEFTIZ X » TRESEM 2 RE L,
IN=T e TR AT —1EETH D T L B L T2, 80~395 K DELXIPIR KL N — v 7 55D
HI7E 1% ResiTest8300, 395~800 K OHIE 2% B EDOZEE 2 Hv 7. 300~800 K DBV RO E
IXEVE AR AT 24 E PEM-2 & 2.

Fig. 1 1Z TiNi.97-xC00.03Sn (x=0, 0.10) ® ZT DR EEARAFEZ 7~ 7. I (L EamAi A (Ni+Co0)=0.90)
TYERL L 72 TiNio37C00.03Sn 13 B 7R ((Ni+Co)=1.0) TYEHRL L 7= TiNig97C0003Sn £ ¥V & ZT
DK THI 3 fE EH- L, =700 K DK, Z7=0.13 0.2
ZR LT ZT MR L= OIX IR E#HIC DT
ST oM Lz Z L ICHET 5. Ren 5 Dz 019
X5 E Nk EZ/ NS T5Z & THFHNI

I~
FP R HA O s s ey, O
SRR £ - <y

WELZZEREZLND.

AT CIIAE A IS ARAT ORER &, Co & Ni D
MR AN m—2 g 20 LR B o #GE
FREICOWCGEICIE T2 TETH 5.

o

D0 00 200 300 400 500 600 700 800
T/K

Fig. 1. Temperature dependence of ZT for TiNi ¢q.

L0 o350 (x=0, 0.10).
B2k 0p035n (x )

1) W.Ren, H. Zhu, J. Mao, L. You, S. Song, T. Tong, J. Bao, J. Luo, Z. Wang, Z. Ren, Adv Electron Mater
5, 1900166 (2019).
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Investigation of p-type thermoelectric properties for Mn doped pg-FeSiz
Faroog Umar !, Sopheap Sam?, Rio Oshita?, and Hiroshi Nakatsugawa ",

Yokohama National University, 2National Institute for Materials Science

*E-mail: nakatsugawa-hiroshi-dx@ynu.ac.jp

Introduction

According to scientists, over 60% of global energy consumption losses occur due to waste heat released into the
environment without utilization. Thermoelectric materials offer a solution by converting this dissipated heat into
electricity. lron Silicide (FeSiy) structured systems are the most investigated materials. This is because of their
eco-friendly nature? and flexible crystal structure® that can be modified via various dopants to demonstrate the desired
physical properties. They can exist in 3 phases: a-FesSis, B-FeSi, & e-FeSi.¥) Among them B-FeSi, is the semiconducting
phase while the rest are metallic phases.®
Experimental Procedures

After weighting pure Fe, Mn & Si raw materials were proceeded to the

Arc Melting in Argon (Ar) environment to fabricate an ingot. Bulk gii IFel,;MnXSIiZ ' ' _
samples were cut by NC wire cutting apparatus. The polished samples 83 i
were fabricated by Heat Treatment with a maximum temperature of 0011
1150°C for 3h to make it single B-phase from peritectoid reaction of & - gg:
and a-phase and then Annealed at 840°C for 20h to enhance their 0.07
properties. Rigaku-SmartLab calculated X-ray Diffraction (XRD) data of 882
powdered form sample while SEM images of polished bulk samples ggg
0.02

were taken by Keyence VE-8800 to understand the microstructure of the 001

sample. ResiTest8300 measured Thermoelectric Properties like Seebeck 0 300 00 O ———
T/IK

Coefficient and Resistivity from 80-395K in Helium atmosphere.
Thermal Conductivity x was measured by PEM-2. Fig 1. ZT of f-FewxMnSiz (0 < x < 1)
Results & Discussions
For all Mn doped samples, the Seebeck coefficient S is positive indicating that all Mn doping contributed to the p-type
nature of FeSi,. Furthermore, Mn doping also contributed to the reduction of bipolar effect as compared to non-doped
FeSi,Y. The carrier concentration effect was dominant until FeogsMnoosSiz while the effect of effective mass gets
dominant from Feg 96Mno 04Si2. The maximum Power factor PF was availed for Feg97Mno.03Si> sample because of which
the maximum ZT that is achieved during this research study is also for Feo.g7Mng03Si2 as shown in Fig 1.
References
1) S.Sam, F.Umar, M.Namba, K.Yamazaki, H.Nakatsugawa, Journal of Alloys and Compounds, 989, 174367 (2024).
2) S.Sam, H.Nakatsugawa, and Y.Okamoto, Materials Advances, 4, 2821 (2023).
3) S.Sam, H.Nakatsugawa, and Y.Okamoto Japanese Journal of Applied Physics, 61, 111002 (2022).

4) S.Sam, K.Yamazaki, H.Nakatsugawa, Solid State Communications, 371, 115287 (2023).

© 2024%F [CRAYEER 100000000-102 CS.11


mailto:nakatsugawa-hiroshi-dx@ynu.ac.jp

vy 2024 F E8SMLAYBREMERMEBES

CSOA—Fr2xT7tviary | —MEyIa>y(OEHER) : [CSa2l 126 F/NAAFTo/AD— 127 ER
I¥ - NAAFyvI7OI—KF> 7

[19a-C32-1~ 8] CS.12126 F/N\A1FFo./0>0—. RIERIZE - \1F
Fy7OA—R>x7

[19a-C32-1]
(220 B F - NAAIL Y bOZU PR BRHESERIFHE) EEACHEIITZAL
ToINA F TN AT

OFEH HR12, FE BTE3 BB FE—H2 hE E2 O E&EV2(1.NTT 5. 2.NTT BMC.
3.NTT U —F)

[19a-C32-2]
SRFRINETOZIA L/ TyEEICES / O7 1L ARERFER

ORA A BE m#t). EO AT BHE L' (1.ERH)

[19a-C32-3]
commﬁlﬁ%%ﬁﬁﬁiﬁ%ﬁﬁ WIEBRESIH/ TA VN1 Ao ORBERIEEDF A

O &1, M 2@, AB AR, B ER. KB L&A Atk T3, IRE FarY MR 285,
H@Au1ﬁ%khﬁ1 2BEARE. 3. 4R E4SympaFit. 4 ERART. 5.5 REMRK)

[19a-C32-4]

NOARADVOERERD) TILZA LFHADI-OORE ST\ RO TILT7 F2E€
Y

OEREa". HO BF2 R A2 H) 8183 =M EZ2(1.28IAI. 28RERERA. 3.
BERIRK)

[19a-C32-5]
FLOFrORYNIERBICAIEESSFNIFEYS VT

OFH BF. A B (1.ERH - BHALE)

[19a-C32-6]
RTFREHLIEFEERD—FR YT/ Fa—TFBRENA A OER  5HH

OM1)KZE f1BY, Rl BEE. B8 shE2. AR F1&3, Bk BT, AF HS"1(1.84KT. 2.ER
. 3. BRI KA. 4.2KKEKH

[19a-C32-7]
N T4 BRENTEZBRWV-AY— OV R2 I ML Y XBEIEES AT L
OMM &, 72N B>l =% ' (1.2 KIPS)

[19a-C32-8]
mET/ Fa—TEEN LI-AREMEEREEY X T LD
OM2ykAERF. Faw R—oz>\  NNLFEE. Vav Ey7-1 Favyoryayl v—

saus-—1 Uy oavs . =% i (1.2KIPS)




19a-C32-1 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

BEBCHILTZERW /M AT/ 1 RE T
Self-folding materials and biodevices
NTT Mt BB, /M4 AT 1 HIVERHERT L2 L NITUY—F2,
OEHF R FH EE? &Ek R, 5 B!, O K&

NTT Basic Research Laboratories and Bio-Medical Informatics Research Center?, NTT Research?,
°Koji Sakai!, Tetsuhiko Teshima?, Toichiro Goto!, Hiroshi Nakashima?, Masumi Yamaguchi*
E-mail: ko.sakai@ntt.com
[(RE] o, BEMRZ AV TEROBROERE AT 22 & T, Fy 7734 2 LIZEKRDE
TNEERS ZEANAER ST\ s, B O RO FIICHE DI L, FEEEONE X
xRS 2 FFO 2 LD, MO RS & LARRTAERS D B BN A ZE S LTV D . £ D
TR & X, O STARRE 2 E R 2 7212, 2 B ORI ith S 2 FE(B SN TEAIT)
EAFSE L CTE2[1-4]. I8, S BICHE CREBHEN O ARE TR 7L, RIMAED
msazezfEL, FAOERH - KFIHEELZ D77 72 ZHWTHCHMY T2 FEB L T

7o AERETIL, B OHSICHANOJRER & HEEIC ., T RSB E BT 5.

[=8 - B8] A THBIL, BEBLARDTAXVBILY T LTIV, 7T 72y, BLUR
ULy CHEICE VRSN FiglA). TNENERE LIRS, 7+ NI YT T 7 0 LRSI
SRR, v A 7 v A — MVEA TR A G L7215 5. SR ORI E- T, FITN
ULy CITEERE LI &2 BRE) ) & L CHBEIREIATFHFEINSH[1]. FiglAIRT L 9IZ, ZkT
Bk, HEOE S, BIOBEBIEFICERAEL T, thifomE, g, BIXoiormeEnorzia
AN TORMIGIRN AT 5. Fl2E, EEOIEL P FICHON THREERITHRT 5130, HE
EFFZ & » TR RPN R 2 (X 1B). XY L CHEICY T 7 = v EIRE LA THLEE oK
INCE VR AFEIND 20, FIRONEE 7T 7 = o BE LR T S REHT 5 2 L
MTE D[4 Fhe, "NE—= 7RI ZT Z & T, MARZEMICHLZEEST 2 Z ENFETH
0, WNEE < SBEZ(E - - BB RICH BT 5 2 ENTE B3], &1L, MAEZMN L CERERT
LT, MUDHIZT T 7 = V@D DH AT bR O AR L TEKAIEA TRETH DS, Fr
2, KOBENICENEZE ST 7 2 EHWD Z & T2, MRRERAHEIC S L OB E A iR A v X —
Tz AL LTOIEMRICHEFLOOHD. LD XS, B ORI R T D/, FHH
BROBHMOEE L I3t L TARFIEITAENTHY, N AT A AOFRRMEEIAT 9 2 L fFENnD.

(A) Thickness 3. Orientation (B) 200 Graphene/parylene-C //

4

Parylene-C/graphene

o
=]

Length

|

Curvature radius (um)
=)
o

Parylene-C E> ".. 50z 1 Foldi : .
Graphene ’ - rolding 50 | ¢ [£=192 nm |
Ca-alginate gel ) direction it = o

1]

- -

0- &
\ Stacking 2. Curvature 50 100 150 200 ol
Width order radius Thickness of parylene, t (nm) 100 um

Fig.1 (A) Schematics of self-folding film with its parameters. (B) Control over the curvature radius
which depends on the thickness of parylene-C and the stacking order of graphene and parylene-C.

[1] T. Teshima et al., Nano Lett., 19, 461 (2019) [2] T. Goto et al., AIP Advances, 12, 075002 (2022) [3] K. Sakai et al.,
Nanoscale. Horiz., 8, 1529 (2023), [4] K. Sakai et al., Adv. Funct. Mater., 33, 2301836 (2023)
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BHFEMBTOANAL) TyvAEIZKD/ A0 LA RHREAR
Development of Norovirus Detection System Based on Multiparticle Concentrated
Digital Immunoassay
BB ORE AL FE Ml B0 W5l \E ER
AIST 1, °Masato Yasuura?!, Hiroki Ashiba?, Yukichi Horiguchi?, Takashi Fukuda®

E-mail: yasuura-masato@aist.go.jp

U A VR EGLEN T DS OEIE TV =X ] a B2l @ - REME A mo L
JVCHNL LT U A NV AR TFIE ORI N MNE L 725, RS TIE, Box BT LT X o BEhi 1
ER—RET DA LT A HIRCT O X RHOENR 20 Aduiz, ZRF T O 2 0
AT A MCDIANZHESNT, /a7 A2 (NoV) #iHZRDOBIICE Y AT,

2 FEDHT NoV HiikZz FIVCTHESE L 7=, MCDIA ORI % Fig. 1 12”7, #—7 v hE L
T NoV #ki+ (NoVLP, G 11.4, 0-6000 particles/uL) % Fv>, $t NoV HiiiEAfRLMR 1 (AMP, 5X
10° particles/pL), B F AEARHL NoV Hifk, X ~ L7 7 &2 4% B-galactosidase (B-gal) Z JIEVK
FOS S, AMP & B-gal I EUATH — 7 v F a2 kB AL TG 2% KA v F 7 v A RO
AR TH D, FERISETHERA Y v RO TREICH Z TR L, AMP & BB TR C
¥ KA v TF ST NoVLP %, @EHE CTH % resorufin p-D-galactopyranoside (RGP)VAHZIZ /L,
EblZ~vA7a0 T LA CLF 7 VA)IZE AL, U = /LT RGP 238 & 595 resorufin

RS, e D = T ONTHIEDOH HEEH RGP
ﬁiﬂ, %E’@}Eiﬁ?“/&ﬂ/*ﬁm ;&—)?? 5 L ZD L ‘?}’\ 3:\\/ (resorufin precursor) &
5V ELISA % OREMERI %2 V5T VA LT vt \_ X
( ( . N
(ERRY . verlosLasomtnTar Vgl W /o (ION
S G <¢>
?’uorescence

AR U = VA KR B OBEHI LY | i, (enzyme label)
L0 mEICRHA R Al - B L. TV VR =@ - Pl
TOZLEFRICLTNG, 7 UANDHAE, [k Reporter molecules can be produced in ‘
JRIRE] 5 43 A3 R LT B EBAIMEREIZ T L A & large quantities by enzymatic reactions.
WAHBEL, HARHERTHEY = V&3 L=,  Fig. 1 Schematic of MCDIA for NoV.

Fig. 210 H5%E L 7= MCDIA I & % NoVLP K Hi D B 2 7734, F-4H£12 350 T NoVLP 60 particles/uL
MHOBIICEI L, [{H v kO NoVLP > 7 L% F 2 % L ELISA B i (Simoa) THIE L 7= b
DITEE LT, IR FRREDORFE T 1 M DR A 2@ Lc, AR a BELIS@EIZFIE L
THIE L= L A, [ABRIZ NoVLP 60 particles/ul 2> 5 ORI AEN LTz, FIZ, B LRSS0
7RI /LOSEIC LY . BHREE 2 HERF U7 T ERE R O BREIC B L. FRICB W TR 14 Th

% 30 Sy FREE & CRT BRI A AAE T 5 2 S lTEkEh LT, 100

IS L

= 80F i
[ RE] AR O —H1X, NEDO ZRt3#% (JPNP19005), 2 ool
JST/IICA SATREPS JPMISA2201 O CEALNE Lis, A 2 | _ |

- ‘B LoD: 60 particles/uL

RO—HIL, ISPS BHFE JP21H01466 DIHEIC LD boT 84T 1
F, ABFZIC AV NoVLP O —id, ENTRYENTETT 2 20 1
EVIRIEZIIERRATERLE LD, ~ 427802 © i R

TUAT T ORI BT ) | SR TS & LI VIPQ) 6x10 6107 6x10

. Lo B o Concentration of NoVLP (particles/pL)
RAFO/IHE T, BATR MECHME L ETET, Fig. 2 Result of NoVLP detection.

© 2024%F [CRAYEER 100000000-166 CSs.12



19a-C32-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

COMSOL HEREFXMBMEZTAV-ERESI 7/ 74V 1A Y ORBELHED TR
Prediction of Optimal Structures for High-Sensitivity Si Nanowire Biosensors Using

COMSOL Finite Element Analysis

BREXRET !, #EXERE? SympaFitinc’, REAKRI® HREHKS®
OiRE , FIEBRMER !, (D)XEARSR ¢, (D)EPHER 1 KIRHR 2, MAET ° IREREE 4, MRFES 25,
HFIREA !
°Hui Zhang?!, Mayuna Abe!, Fumiya Osawa?, Yawei Qiu?, Noriyasu Ohshima?, Taira Kajisa®,
Toshiya Sakata*, Takashi Izumi?®, Hayato Sone!
E-mail: huizhang@gunma-u.ac.jp

[IZUDIZ] SiF/ UAF (NW) A FE ik, ERGE T VA% (FET) FEEZHM L
TR 2R F 2 R E R IR TE 2720 IRIHURE I E L CIERZED TV D,
ErlzhEzT, ETRY VI T 74 LOKISHEA =y F o 7 OE&NERiE{LT 52 & T
SINW D% 10.8 nm ~HIFL L IR 6 aM g 7 a7 U > G(IgG) DR EAM HIZREh Lz,
Z LT, 1gG 72 E DKL F DR G572 . SINW ORI E S # IR EE O KE 722 1) b % fesR
L72[1]e L2 L. SINW /A A& o O R M VL E IS B2 5 2 2EHF L LT, RO
\Z SINW WSO ARHIRESLE I B X DILDH, ERTIL, MEE, SINW IE, &3 &Lno
Te/NT A — 2 DTN RDIEEN G 2 5 ZBE T 2 OIXEE L, & Z TARIFSE ClE, COMSOL
BRRERMATIE 2 FH T SINW A A2 ol (NW OFE, &), KON NW NERO A i
FEDRRHEE I R FTRB 2 HRMICHAE L, Zhcky, RS T2aREICRETE S
SINW /A & o O e 2 Tl L7,

[57£] X113, COMSOL Y-EARE Y 2 — /L X D AEEE L7z SINW A A& %0 3 RTET IV
EZRLTEY, EBEOERTER LB MG LT KL TN D, BEE Sy ROFELE
XEFENLEN Lpum, 2pm, 0.1 pm IZFRE L. SINWs DE S, AEiZZnE0 14 uim, 5 AT
L7z, SINW ORMIICHRBILEE 2226725
MufxmEik 25 E L, ERAICEEZHML7-, 22
TIE, SINW NHE O ARl & % 8.5x10% 7> & 5x10%
cm3 NW g4 10 7> 6 150 nm. & & % 10 225 30 nm
B L =, 100 FEHOFA G O TRIE ORI E
W E DB Ut v OBRIHEZF AL 5 i

oo AU LD . SINW A Ak o OlEom S & WY o

O NW PIERO R A R 1= 5 % 5 g 91 COMSOL Multiphysics 6.1 THESE S 7
BT LCL mVMERT (LR e O e L ey SINW A AL O g0t e 70
EO® U EEEZ THIL T, I"‘“

[ & 2 52| HF AT 7.5%10° CIm2 12513 5 s

245

SINW i, 1 & R ORI & 2 OIRHIZE LR D ER AR gl
AR AR 2 1R T, BARR ORI L E L E %9 2 °3°3 B s
BAHZER A R L TR Y | FRRE R 00 TTAENES D || Searbtellgss e §P$
Vo ZHBEHEREN S, SINWIE, &S, Ry 3 ¢\ Po3 5
WIS A 24 10-20 nm, 10-40 nm, 8.5x101-2 % 3 | Ll gl
10V em3 ARSI 5 2 & T ARG T % L =S |

T D52 ENARETH D & FHILT-, F/-,

ARt E O 2 R T D 72D NW IR O PR | i‘
FERIREASR L N FE TICELERGERZH L ™2 HEEGEE75%10° C/mA 2313 % SINW
LA, —ET AR TE T, BRI fE, &S, R LIRS LR ORI D
R, EESYAORKRTHRNTL2TETHD, FEER

(B3R A 2208 IST A0 3 18 34 FE R 75 : JPMIFR2159) , JSPS FHiff 4 (R 7 21K18071,
20K21879, 19K23598) Bk % 3% 1F C i L 7=
[&% 3Ci#R] [1] H. Zhang et.al, ACS Appl. Mater. Interfaces, 15, (2023), 19892—19903.
[2] H. Zhang et.al, Jpn. J. Appl. Phys., 63, (2023), 03SP85 1-7.
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NARA TV VDBREGZIVTILE A LERAD=6HD
EEISXEVUNA FRDSI LT TE2EVY
Surface plasmon hydrogel aptasensor
for sensitive and real-time measurement of vancomycin
EHIK!, EREEX? BRRIBKXS
CEmM &W . HEO #HE2 e @K W EES =K T
Shibaura Inst. of Technology?, Tokyo Medical and Dental Univ.2, Tokyo Univ. of Technology?
OKaoji Tomat, Yui Taguchi?, Kenta litani2, Takahiro Arakawa3, Kohji Mitsubayashi?

E-mail: k-toma@shibaura-it.ac.jp

1. IICHIC

AF VTR 7 R BRERGYE DRI ICA D va~ A (VEM) 13, IR 1< (hF 7
fE:6.4-13.5 uM) , FIRE CIXAMBEREEL S ISEZTIRAIRHD, 2070, Eshiez iz
FTRHIENEIETHLD, BURTIZT T v 7 A0 LD L7 — EEVORIE FIELFEE T 1 |
~ELIRIRE DR R VLRI SV TR ETEZAEE L TV %, T TAMFZETIE, VCM O i)
DUTNWEALREZ BIEL, "ARBY =D 3 RTE~ Ny AP T FRT 7S~ =2 T 52
LTCRETTAEL RV A ANIER LT, KT TR NARRY = VT T H R 2BTE LT,
2. RRITIE

YUY HADOVERLICIE, 1ZUDICH T AFEM 1T Cytop & Au ZZDNETHAEL . Au AR ETERIL7-,
WIZ, AUFE B2 VEM ERE RS S5 XT FR 7 74~ —0 B CHME S FIEA RS Tz, AT
75~ —I%, 2-methacryloyloxyethyl phosphorylcholine (MPC)& N-methacryloyl-(L)-tyrosinemethylester
(MAT)DILE AR PMM DU —53FELTORKRET D728 77 7~ —Effisivic Au SRR IS
PMM A AL a— NI LVBAR L=, ZDt%, 77 %~ —LIZEHK| T 5 ammonium persulfate 355
Utris-bipyridyl ruthenium (Il)-dication Z7&A L7k 2 FL, AEA RN T 528 TPMM OJE4EE
KMOT 75~ —DEEEAT T PLEDFNETIERL 72t Y SR ORI F25R Tl o RIS
(U BT A PR A K (PBS) . VEM ISR DIEIZ KL . 2D VCM D &% . AN G0 S R 28
LU TR L7z, E72, JEH 13 PBS 12T VM ZfREES - CRIGER DO A 21TV 0K LHIE 2R
T,
3. MRRUBE

LU R DI ED VCM ZEKLT-E A VEM IS CT- R A A S b, 2
D Tt BT U T o) DU E U7 E a3, 1B a 3 T 0.06-100 uM THY, PMM /AR
UG AT LAY 18 O MR LRk L7, 72 PBS ICLDY AT TRUGTE S AETED
ZEDIREIL, FHMEDO @O L FHIROU S AREDY T V2 A I difge g Hll 28l RE T o7z, LA L
EBLIeARBY =V T 7 228D VEM O EEEER) T V2 A MRED ATREME A VRS, 4%
XFH TR T, KA VEM U7 L2 A LEHAIOD ATREMEARRFEL TV,
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FELIFoDR R ERBICRTE-RBETETF 1AV
Glycopolymer-biosensing for detection of non-lectin protein
ERD - RERA&E' OFH BT, BXK E!

AIST EMRI' °Yuhei Terada', Hiroshi Aoki'

E-mail: y.terada@aist.go.jp

ARy F RO 5 FRBTREERE 2R U CTIER A T2 R 2 31 A o9 —13, BRI F 2
T DB DMERR S A7 0 TR S S K OMERY 73 F DT &5 B 12T DAL D — 2 b
MRS TWN D, ZHVE TIE RS I HURZ B U, B OBLE ) & 7 2 i A O
BARE OB L A R DI < 2 (HD TV ey ARBFZE Tl i m i H W 25080 6
NA T Y —DRRFE - WRIZT e —F3 5, WaZLOMEL LT, #E#HZ S FOMSIC
R LI ANLOGKE DT HEEES T W5, @ FaX—R L LIEED=D, B pH
A% TRk LTt AR @ < . BERFIETCRKEGHRPAETH L Z LnbHRRED
EHENBESNDOIMEIOREE LTEHTH S, £70. @O FEREMORERIZHEV nm HIEO
FEE R BN ATREIZ R o T2 2 D N, A2 U —REOREHFHC L D2 BEE L E oK
e ERNHIFES D, FICER 7T XE 408 (SPR) 2Vt % —IiE, 7R mo
R 72 E R T 5T 2 72 OFEHE 0 T & OFERRIFCTH D, DE D, HEXiIh
PSR 57 17 & SPR OMAGORIC L > TIIE TR TE 2D o TR T ORI ATREIZ 72 5
EEZTVD, L b, FEHESD T2 HWCARS TR BT 258 DI13 & A EIThEH
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i
Fabrication and Characterization of Biosensors with Peptide-modified

Semiconducting Carbon Nanotube Thin Film
BRI, EMR2 RIKS BRREH* OMDKER ', AILEEE ', Fi@shiE 2
RREF485, BkTE, XEFs
Dept. of Electronics, Nagoya Univ. !, AIST?, Tokyo Tech.3, IMaSS, Nagoya Univ.*

oAsahi Nagamine!, Haruki Uchiyama?, Hiromichi Kataura?, Chishu Homma3,
Yuhei Hayamizu® and Yutaka Ohno'#

E-mail: yohno@nagoya-u.jp

[IZL@ic] PEfRH —F v F /7 F 2 — 7(CNT)HE L 5 R B EE 2 MRy 281 % i 2.
FEER 7L X TANAF R Vv OERPPRETE 2, FIE DO LS T 2 BRI IS
T 57291CiE, CNT ORMEHiNEECTH L, ~7F N7 I/ BEHIOHFHT XY &En
BIREZ MG TE 2, RIFFETIZ. ©FF VL TF F2ER L 728K CNT SN A A+
VY EEHL, A FL TP TEY VSAEBRELZHERICOWTHRET 3,

[525#] Fig. 1 127" 3 Liquid gate B8R CNT N4 4 v ¥ 2{FH L7, 1ZL®IC,
Si/Si0, FEMR ey — & « F L A M (Ti/Au = 1/100 nm) %A L. FEAREKIE I Poly-L-
lysine % ¥4 L 724, 48K CNT O EORICRIET 2 2 Lic X b, EEE 2 Ef
CNTHEARE L /2o 74 P )V 7T 74 bR TTAT Yy F v 7ICE ) CNTDNZ —
=V T B Tole T ¥ ANE Lo 13300 pmy 5 % A VIR Wen 1 1 mm TH 5, kb, FT
FHl7 o RICEWTIZ, 74 FLY A MFICTX 2 ONT BRI OFEREZIG$ 2 -0, £
% ALO3/PMMA TR L 7=, 2 fEH D~ 7F F(Bio-SSS-Y3Y & X UF Y3Y) [1]1D /KIAH(500
nM) % EER ONT I EICH T L, 1 RFREEE L 7z, SAKIBIR(I M~ 10nM)Z 3 N L, &
FREOZAL 2T~ T2,

[(FR] F v A V&) - 77— P EEVes)FiED SA REMKAF % Fig. 2 1073, Y3Y %
BiiL7-FFTIRLEVWEOENAVH 13-3mV THo7zDicxf L, ©4F VL7 FF
Bio-SSS-Y3Y ZM&ffi L 72£ 7 Tld. AVm=29 mV TH o7z, Z OFERIT, PE(R CNT K
ICXoTSA v AT VORBEIBE XM CE 22 2RKLTWw5,

[1]1 H. Noguchi et al., ACS Appl. Mater. Interfaces 15, 14058 (2023).

(a),,. Vos=02V (b) V=02V
20005 ¢ T omjiom [ ‘ ' oM
Gate-Electrode Streptavidin Bio-SSS-Y3Y /A 100m . Y3Y 1nN
(Pt) 150 L 74 e 7 400 |55 % J{1om
b o et e / nM -!".’:“v%’ . a_r__fﬁ 100

- e e —300f R
£ 00| Biotin  Y3Y / i I //
- Vi 200 | y

10/100nm CNT 7 100 //

Si0,= 100 nm o -
p*-Si 0 - : 0 — -
0.7 0.8 0.9 1.0 0.7 0.8 0.9 1.0

Fig. 1 Schematic of CNT TFT biosensor.
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Fig. 2 Ip-Vgs characteristics of CNT biosensor with (a) Bio-SSS-Y3Y, (b) Y3Y.
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N T4 BRXFFEZERL:
AI—baVE Y FLUVXRABAREVRAT L
Power transfer system for Smart Contact Lenses Using Parity-Time Symmetry
RREXPXFREREE SR TLHARE !,
O(M2) #% 3ILE !, Azhari Saman!, =% 3j#!
Graduate School of Information Production and System, Waseda University’,
°Tatsuki Hayashi', Azhari Saman', Miyake Takeo!

E-mail: Tatsuki_Hayashi@fuji.waseda.jp

1. W s e HRY
VAR, WY =27 FTINTF AL 2L LTAR—bha v &7 FLUARERESA TS, L
L7236, Al L CTT 3o ABREN MR EIR 2 R T 20 L WO RMEZA L T D. Tk
UKL, = TR INRE S 2R L2 U A v L AFREHEIN 2 L o X RISl
FPRORMIELEBLL TEZ[1]. L L, BUROEFBM AV EZE M A L(m 27 LX)
DA NIREEIEHE T 20mm FRETH L7720, SBROFEFMMEEEALL L, LVEEHETOY A VL
AFGEDAREIR Y AT DA ET HLMENH L. £ T, AR ILEEEEZFH LU A
Y U AAGEOE 22 H A EEREEINZ BRI, YT o RERDFREPT R &2 V7o B 1k E
AT LOFFIZED A, KR EHFT-OT, ZOHMERET LI TETHS.
2. FEBIIEELAER
— A7 RS A R 1, P42 E 3T LCR/LCR O LRAIE SR &8 2 DIkt L(IERA),

PT ®FRMEZ IV EIBEIE, A7 OREICAMERTI(-R) Z M 2 BIKERGHE 0. A, #RIF#EE
fRAELLEEIZ1EL, PCB A — K EIC/ER L(Fig.l), Z DMEREZFHM L 7= (Fig.2). 7ERIETIL, HhAE
30mm DORFACRERHD 11.2%% 773 DICK L, PT MHMETIL, 212%0OMREEZTITE 5.
ZoZEiE, ENREBICRITOREE 10%BE LI LEERTD.

100.0
90.0
80.0 Using PT Symmetry
T 700
= —— Without PT Symmetry
= 600 Wit
& 500
£ 400
W 300
@
% 200
[ =
@ 100
o0
0 10 20 30 40 50
distance[mm]
Fig.1 Equivalent circuit diagram Fig.2 Comparison of Transfer Efficiency

Reference

[1] T. Taiki, et.al, Advanced Materials Technologies, 4, 1800671 (2019).
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MEF/ Fa—JE%5 L-HREMERE S X T LD
Direct transfer between cells via double-sided nanotube membranes
BRAXFERFREREESRTLHRE ", OM2)kA #HBXF ' (D)Bowen Zhang', (D)/MML FIF ',
(D)Bingfu Liu', (M2)Rongtao Zhang', (M2)Zhouji Wu', (M2)Shuxin Lin', =% i’
Graduate School of Information Production and System,Waseda Univ!, Yuiko Mizuguchit, Bowen Zhang?,
Kazuhiro Oyama?, Bingfu Liu!, Rongtao Zhang?, Zhouji Wu?, Shuxin Lin!, Takeo Miyake!

E-mail: mizuguci56212 @akane.waseda.jp

[WF5EH & HRY)

MlRARMO 2 2= —va UiE, Mleshs KON Z R E L7z A LB E Ofikic L
STHEIAINTWD. RIS, Mia/MamzEE R IEES FIRCHRIZ RV 7T F
a—T7DOREIL, INaFORTITRKRERS \%(5' VRXZERI hay RY T oM
E)LHERMEICR V55 Z LB LMo [1]. SRR TIE, )8 &R T CRER &
NHEEET ) Fa—TEFABL, KT/ Fa—TRAX T % HOTHIAN~OWEE AR L
TE7[2,3,4]. AWFRETIE, @R ) Fo— 7% EOMmIC/ER L 7retEERE 2% L,
DI, WA ROF ) Fa—71Zx UM ZRIA L, 24L& RIS, P8 OWE)s nlEe 7o/l ia N
WS AT LEET 22 LICHIR L, —EOREEHB=OT, TOFMERET 5.

(T8 71E L R #
HiRO Ty 7oy F REY H—Rp— MEIS, BEMD - X T

. H_}FJ.Q?E&;
ERTIA Uy by F T EET L EET T ululjﬁ;.%WI

= 7H§ 75’1/]5@ L f:' Z O)h}— / 5& = 7’]%% 7‘7 ? A 5& = 751 Fig.1 Intracellular mitochondrial transport

using a double-side nano-injector

WOt/ Ay X —%5EkI . 22Tl
M RMAE (MSC) % Y —Afllal L, Y—AMENI k
= KV 7 (MitoBright LT Green TH:th)% b kB EHRHE L
- . -

AiE (NBIRGB) (ZHasd 25 Z LIZpi3h L7=(Fig.2). Z i
T EB ST LD, JEIOMREHIE 72 & &g 4 5
ALV AT DERHELE-OT, Y HITE0FEMERES
5D TETEH D AW, IST S A0S, METI Go-Tech, 305
B4 ARIM, FAIS OBk % 5217 7=

[1] Vignais. M, et.al., Stem Cells International, 1, 6917941,2017
[2] Zhang. B., et.al., Scientific Reports, 9, 6806, 2019. | X 4
[3] Zhang. B., et.al., Small Science, 1, 2100069, 2021. Fig. 2 (@) Fluorescence image of NBLRGE transporting

MSC mitochondria (green), (c) merged image of
NR1RGB mitochondria (red) and (a) and (e) brightfield

[4] Zhang. B., et.al., Anal Chem, 96, 8349, 2024, image, (b) green fluorescence image of NBIRGB
without mitochondria injection (d) NB1RGB
mitochondria and (b) merged image with (a) and (f)
brightfield image
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AVBIRUAPECTIYF S %RAUM= GaN /T4 ERIZE TS UVA KDHHE
Effect of UVA light on GaN nanowire fabrication using contactless PEC etching
EXREREZHRR ', AXEFREILY POV RAPFREVZ—

OHMAK "2, RAIE— "2 {EEEKR?

Graduate School of IST', RCIQE?, Hokkaido University.
°Hisahiro Furuuchi'-2, Junichi Motohisa' 2, Taketomo Sato?

E-mail: furuuchi@rciqe.hokudai.ac.jp

[EUBHIZ] HEXULF(PEC)™ v F o ZIXEMR-EAR R w1 2 BRI & AR b D
EMRIZ L 0 T 5 GaN(000) i DI EMN TFET, v A7 L OBREAE <, FHIRFEICB O TR
TARNF—TEMAREE W) R EAET H[1], £z, INTEIESCEBRA~OERMNATE R 27 FL A
(CL)PEC = v F > Z2Jix. b Lo FREESLT / UA YNW)TERLCE A ATRETH H[3], LA L NW {EiL
DR, = F 7 L— FMEL BEENW & & 1.5~1.8um Z LT 5 72 O IR O S M B C D
RIECFHEMEREN L WS TCBREN T 2, AlEL (ERAWTE 72 UVC I A T UVA SEE B3 5
LT, myTF U L— NMIEENPRONT-OTHET 5,
[328k - fER] kL LT, Cifl n-GaN FEAR(Np=1.0 X 10'®) (T i-GaN J& 2um, n-GaN J& 100nm %
MOVPE & L=tk Z A=, £ EB Y Y 7T 7 ¢, Cr7&%(150nm), U 7 b4 72k~ 7 %4E
B 72, foeW O CRIE O BMIAN(K2S20saq (0.05M): KOHaq (0.02M) = 1: 1) 22 E L. B S E7
UVC (03 E 260nm, 2.4mW/ecm?) M OFEEL 72 UVA Yo(FH L3 & 360nm, 50mW/em?) % 1 R BRE L
2o O TRRETITEMET O~V A% Y “HilEA 42 (S:08%)53 UVC FREHZ L 0 BRET) DR\ RR T
T (SO4™) S 4L, GaN R & b9 5, BICAER L2 bglin KOH I+ 22 & Ty F
VI WNEITT D, — . UVA XSO DML — &2 bS5 Z L7 R O 1 IEfLe DA Rk
PleESE5, KTREZ SRR IK L%, 7»7& V¥R (AZ400K, 85C)FICiEl iR E L7, £72.
PEFRSRME & DB D= D[RR D~ A 7 FEMRIT Z UVC(4.0mW/ cm?)D Z% Hagf L CL-PEC =~ > F 7
Zo6ETomBrbHE L, Kl /7’“/7{7@ DORFEALZ T, 1ERGM TUB AT - 7250k}
a:;c 6 [81> CL-PEC = v F > 7 CIEE 1.lpym TH-7=DIZx L, UVA 2B L 72 BTl UVC 255907

WZHEH 57, 58D CL-PEC = v F > VTS 23um 12 L7, MRS 100nm, 2100nm {37 T & 23
B LB DL, n-GaN, i-GaN IZBIT A=y F o 7L —hDEICLHEEZ NS, M2 IZKREED
PEC = v F > 7 FE itk D SEM % % ~9, UVC OALMU U7 ikl & i U UVA & U U 7250BHI NW
EHEIN L TS 07, Wi SHES KBS Uiz, X 3127 V0 U VIR % OFE O SEM % 7R
T, REHICABZ 72y bEAT D, &S 231um, Wik~ 154nm O NW JERICHh LTz, WWi# D
Wi ~HED 22T, UVA BT K 0 CHEFAIZIR &7 NW AIE 23\ T 6 BRI LS AMIEEE S 7 ik
RThdrlEZOLND, BRETIIIVMMAR~AZ ZH0W - NW ERIZINZ, Clihm—T T 7 L—
. NW B O UVA SRERGFHEICOWTHRET 5,
(B 3CHR)
[1] D. H. van Dorp et al., J. Elcetrochem. Soc. 156, D371 (2009).
[2] F. Horikiri et al., Appl. Phys. Exp. 12, 031003 (2019).
[3] M. Shimauchi et al., Appl. Phys. Exp 14, 111003 (2021)

2400 F e
EZ1 00 E| * " 0Va somwemz 3
S1800F =
£1500F .
Sionnk ]
1200 3 E
g 000 -;
5 000}
W 300F E
T S [ [ [ [ L - =
0 1 2 3 4 5 6 Figure2: Samples after CL-PEC Figure3: Samples after alkaline
Etching Time [hour] etching. , treatment.
. . . S :UVC 4.0mW/cm?, (b):UVC (2):UVC 4.0mW/cm?, (b):UVC
Figurel: Etching depth vs time in @) >
CL-PEC ctching process. 2.4mW/cm?+UVA 50mW/cm? 2.4mW/cm?+UVA 50mW/cm?
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N 48 GaN [CRIFT FSA TV FUTDEEDEE
The effect of the coverplate during dry etching on N-polar GaN

AIKXBE M) =5 Fia

(B4) h#t KE, #ig BF

Kyushu Institute of Technology, °Hidejiro Mishima, Daiki Nakamura, Satoko Shinkai

E-mail: mishima.hidejiro397 @mail.kyutech.jp

1. FL®IZ

N fiPEm 2 FIH L7z GaN HEMT (X, ek
Ga fiiPt GaN HEMT & /37 [ty e 5720,
O ENEE IR A e L W o T AT
2 DRREFF>THhHMREL, LixL, ZihvE
TN GaN ~D R T =y F o 7O %
AL HmERNTIZE A ER N, £, =y F
VAEEND T Y — FHEHE, GaN = v F
JHOY T =R L BHEICBRE L TRV | 5
THHETHLZEDHLNTWAE, £Z T,
AWFFETIT N fRPE GaN 1oxt L CHRIEEZE 2T
RTA 2w F o T 54T, REROZELOR
F ARl L7,
2. FEBRGIE

Si # F—7"L72 n-GaN H 3> HM D N R
\Z Clp F A% U C, Bias % /] 20W, ICP &
100W, 7'm&R[ET) IPa DT T, BHELE
A%, SiO/Si BEL OV SI & Z{L & T ICP-RIE
BN T 7 XA~ RISWA vy F
7)) LTz, REEE LCHEM L7z Si0l/Si i
PE-CVD (77 XA~{bE&MHaR) 2 M T Si
EIZ SiO; #HEfFEES S L TERILT., =
T 7 ORI ORE R OBIZRIZIEL, SEM
CGEABFEME) /M L,
3. FEBRERE L OB
Dk klE SEM THEIZR L7 fE#
% Fig.l 27”9, Fig.1(@Znd L 912 N fifk
GaN |[ZAREHEEZHAW Ty F o 7 e lad &
RKEOE =D EIND Z LD, IRIT

Ty F Tk

BIE A SiOSI BIEICAE S, F&EHET
ICP-RIE %3 L7, fFONT-fEF% Fig.1(b)
WRd, ZhEV, SiOSi #REEL LTy
FrrEed L AEEELEKLTE T —0
FRIZKE RZITA BN b DD, ARk
DT —OEBKIBIZHD T2 LRlbind,
FSicBEEE LTRERCT Yy F 7 %2175
ToAER, Figle)ornt koic, AEREICH
RTET—EENBD L, o, AT HE 7
—DRG LT D2 EMHEETE D, 2D
DFERIND RIA Ty F U TREOBHEIZL -
TN GaN O K J A = v F o 7% ORMmE
BEIIRE KB T D 2 E¥bh otz REMIE Y
A& 5,

Fig.1 SEM images of N-polar GaN surface after
ICP-RIE using Cl, plasma with (a) the quartz plate,
(b) SiO/Si plate and (c) Si plate.

4. ZEHR

[1] S. Rajan, M. Wong, Y. Fu, F. Wu, J. S. Speck
and U. K. Mishra : Jpn. J. Appl. Phys. 44 (2005)
L1478.

[2] Rakoski A, Diez S, Li H, Keller S, Ahmadi E,
Kurdak C : Appl Phys Lett. 114, 162102 (2019)

[3] T. Meyer, C. Petit-Etienne and E. Pargon : J.
Vac. Sci. Technol. A 40, 023202 (2022)
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Ni#BtEAIN EdD GaN DI E—L > FEEIZRA T7- MOVPE LR D FH 0 E
Improvement of MOVPE growth for N-polar GaN coherent growth on AIN
AKBEIL', AKX IMaSS? CM)HIE #®', FURFI+EY v—aX? 1§ ME?

Nagoya Univ. ', Nagoya Univ. IMaSS %, °(M2)Itsuki Furuhashi', Markus Pristovsek’, Xu Yang’

E-mail: furuhashi.itsuki.r2@s.mail.nagoya-u.ac.jp

N-polar high electron mobility transistors (HEMT) offer intrinsic advantages like high thermal
conductivity of AIN buffer and high polarization contrast without the need of a top barrier layer. Previously,
we reported on N-polar AIN and GaN growth on sapphire in a showerhead type Metal-Organic Vapor Phase
Epitaxy (MOVPE) which resulted in smooth surfaces. With 5-6 nm GaN growth coherently on AIN gave in
sheet carrier density ~ 3.5 cm™ but low electron mobility < 20 ¢m*/Vs. This low mobility is probably
limited by interface states, dislocation density, and interface roughness (IR).!

Increasing the GaN channel thickness rather reduced the mobility, opposite to previous work on bulk
AINP! (Fig.1). We suspect the onset of relaxation (Fig.2) which happened much early for us probably
because of the higher dislocation density in N-polar AIN on sapphire. Therefore, we must improve the AIN
quality and also the interface. For this, we investigated different V/III ratios and growth temperature of AIN
and GaN. The carbon and oxygen density in GaN using trimethylgallium (TMGa) and triethylgallium
(TEGa) was investigated with different growth temperature from 1100°C to 750°C by secondary ion mass
spectroscopy (SIMS). While oxygen in GaN was 10! cm™, Carbon incorporation increased with deecrasing
temperature by using TMGa, while there was a maximum at 850°C by using TEGa. The behaviour of AIN
is more complex, due to the gas pahse reactor and roughning at most conditions.

Currently, the best sample’s sheet carrier density is ~ 3.8 cm™ and electron mobility is 96 cm?/Vs at

room temperature.

channel= ~5 nm channel= ~7 nm channel= ~10 nm
1015 1015 1015
— -;:v :~N R l - NN H
T 0 x ‘f: f AIN T
E. X § w : 1 _ 1
£ 4 e, ) 3 = : = :
5 Ourdata ., = 4 > 3 !
s (on AIN grown on sap.) x & 3 GaN <} ": GaN ,,_L: . GaN
1
. I |
) Tt?ickness [anm] " Qx (A7) Qx [A1) Qx [A"]
Fig.1 mobility of thin GaN channels on N-AIN Fig.2 GaN relaxation with thicker channel layer
Lierature : [1] U. Singisetti et al., Appl. Phys. Lett. 101, 012101 (2012)

[2] Z. Zhang et al., Appl. Phys. Lett. 121, 082107 (2022)
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N #51E GaN/AlGaN/AIN B EFREIE LSV OX A D
)= BRMEBGHEREEICRIZTERE

Effect of leakage currents on breakdown voltage in N-polar GaN/AlGaN/GaN
High Electron Mobility Transistor
O (M2)Aina Hiyama Zazuli', (M2)#k¥ BA', (M){Z/ K F4' (B)FH BER',
M) KX KE', &3 K, EE B, Bd Bzl F#l ME?

AH BRLXE &% LB B

Grad. School of Sci. & Tech. for Innovation, Yamaguchi Univ.!, Nagoya Univ. IMaSS?

°A. H. Zazuli', K. Fujii', R. Ninoki', N. Hirata!, T. Kimoto!, S. Kurai', N. Okada"!, A. Tanaka?,
S. Nitta%, Y. Honda?, H. Amano?, and Y. Yamada'

E-mail: nokada@yamaguchi-u.ac.jp

Fx OMEETIIEEFBEE b7 VA X OEME - @I TAINZ FHEE L
N fiiE GaN/AlGaN/AIN ~7 a & D @ EFBENE N 7 0 VA X (HEMT)DMFE%217> T b, N
M GaN F ¥ RVE 2 e B & LT EOR S E LTRSS IR OA— v 7 a2 7 FoOE
FRFTRE T V. mWVEMRERZ RO AIN 2 FHi L 3725 2 & CRIMEEZ iR E T2 &bl T
W5, LLARRG, HEMT O FH 7R A+ ThY | U — 27 BIRSUERKD AlGaN/GaN #E
EOHLDELREL RHMEANRHLZ & ifﬁ@ DL 72> T D, AWFFETIT N Mtk GaN F
¥ RV HEMT OV — 7 B SR AEE I 5 2 2 BIZOWTEREITo O THRET 5,

HHAERBICAMESMHREEZ ROV TY 7 7 4 73 B2 N MR GaN/ AlgoGag (N/AIN ~7 1
2 R S8, HEMTINLIZ K D GaN F v RAVD X A=V %[ oo 7T X~ b A0L
FEiE2HAWT SiO) & 2 nm HERE S W72, Fig. | [CAIZE THU - HEMT OR§&E 2 R~d, Y —RA K
NRL A vOA—2 v 7 EME LT TI/AUTI/IAu %, 77— D a3 v b —EME LTNi/AuzZH
o, NAEME GaN F ¥ %LV HEMT O E 2 F 4 7K (Ve=-5V., KL A VBIE Ve=10V) D) — 7 &
it & AEFE B I TERENB LZ 112 mA/mm & 1623V Th-o7o, F72 Fig 2 1R T X

NNV TF A7 — NEERDN-THEE (V= -5V), Fv%y%ﬁifH%vay

—EAEOW B — 7 NEEHTHD Z ENDhDb, LoT, RLA U IZEWEEEZNT =
B, = hOU =7 BN L S — OB EOBIEICET 5 2 & TiftRikiE Lﬂ\é%z 5
Do Flo, V=7 ERNBRKE VT EMGBEEEEMES 25HAICH D Z &b aholelod s —
MY — 7 OIREIX A E I HETH D LW R D,

2.75 I'.Jm 10 T T
" -~ — Drain current, Iy
HA5Ume & g ---- Gate current, Ig
Gate @ ! (2nm) T
N-polar GaN (8 nm) = .
Source| N-polar AlyGa, ;N | Drain E
5 .
N-polar AIN
Vicinal sapphire -4 -2 0 2 4
(m-axis 2.0 misorientation angle) Gate voltage, Vy [V]

Fig. 1 Schematic diagram of N-polar Fig. 2 14-Vy and l4-Vy characteristic of N-
GaN/AlGaN/AIN HEMT polar GaN/AIGaN/AIN HEMT at Vy=9.16 V

[BEE]  ABFIEO IR L B(24K01363), 4 B KR KM EL « o AT LHFFEFT L [FF
HOXEAZTCEHBLIZLOTH D,
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DINESLEm IO REMALV-n-GaN NEBEE LA —= v O BB

Ohmic contact formation on N-polar n-GaN surfaces exposed by

wafer bonding and back surface process

RBRAKXTI!, EEX? CMOEKER EF' £ [WE' Xk FTh2 =

[h

Osaka Metropolitan Univ.!, Tohoku Univ.2, °Satoki Toka!, Jianbo Liang', Tetsuya Suemitsu?, Naoteru Shigekawa'!

E-mail: sk24300b@st.omu.ac.jp

[1ZUic] N #tEm EZ{k HEMT T,
Ny 7N T OMBRIZLY GatwbEm BT 3o
A% BB RF HAIRFEBHEINTWD[1], &
(L 18R D Ga MR & SRR D 7 = /B2
AROEm IO ALY, NEENEW L
S5 N ST ~Ofs s ER] 2 1Th I
N fRVEm BT A ZAERIBFIEEE B 2 B
Lo AR TIE Y = A - EH 7 vk R
L VI L7 n-GaN J& > N ffhmm BicA—=
v 7 BB AERK « A L, N MRt b7 S A1
AVERLOD FIHEME 2 FRGE LT,

[EB L] Si 1DER Eic Sy 778 (8
J£ 300 nm) %7 L Tk &7 n-GaN J&
(0.5~1X10% cm?, JEE 1 um) £ (Ga ik
A1) ZERHT Si Ak (BRHTER 10 kQrem) & #
G AR K 0 HiBEEAE Lis, T D%,
MELOY =y by F 71280 Si ik
FORy 7 rBERELE, BHLE N MM
il FIZ T/AVTI/Au %2 7555 L, 800 °C, 30s D#E
JLER %% C TR AR =48 200 um, BRI
B S = 5-50 um @ Circular Transmission Line
Model (CTLM) H#{ZERL7-, MEEMHRD
PEPMMEIRE L L TR RE W E WV I
EO T T, HRIZB T 5 EMmEEKGT O B
PEBER AT 2 fEHT L[3]. LEREfikpt R OV —
MEHTZ R D72, Ga MPEmE I2 b RO T35
TlA—IRD CTLM 35 1% VERL UK & Lhig
L7z,

[ FEBrkE 5] S=5 pum O N R . Ga Mk
i CTLM £ 7O=iRICB) 5 ER-BE (-
V) Fptka B OB & A E T Fig. 1ITRT,
WD LV S EREEZ R LTz, £ DAL
D5 R & = KB & AR FREE O BIfR % fRAT
R HOETFig 217, NfEf Lok
hECHT (1.3x102 Qecm?) X Ga # M E
(4.7x10* Q-cm?) & Feig L T~30 {5 D&\ Ml
Lilpote, SERIOFERIT. 7oA KROE
w7 a2 L0 ER S N iitEE BicT

INA ZERNFREE B2 HIvd 2 L. N fik:
D7 o AEMEORFTNME L BEbivs
ZEERT,

[GiEE] AMFge %2 FhE3 5128 7- 0 ISPS BHif
# JP24HO0425 @ X & = F = .

4
— 2 /
< ~
g e
g 0
E ) Ga-face
a7 F —— N-face
—4 T S T SN (N SR SR T SR N SR SR ST S NN SR S S
-1.0 -0.5 0.0 0.5 1.0
Voltage [V]

Fig. 1. I-V characteristics of CTLM devices on N-
and Ga-polar surfaces with § = 5 um at room
temperature. A fabricated CTLM device is also
shown.

6

— F | Ga-face
g pc = 4.7% 107 Q-cm?
— Ry =52kQ /O
- L
CCB 4 | | e N-face
B F pc = 13%x102Q-cm? -
2 Rsy =76kQ /O ’
8
4 -
Wl = o
e e . -
0 il 1 1
0 20 40 60

Gap spacing, S [pum]

Fig. 2. Relationship between resistance and spacing
between electrodes of CTLM devices on both
surfaces. Results of fitting using a model [3] are also
shown.

(&% 3R]
[1] S. Wienecke, et al., IEEE Electron Device Lett.,
38,359 (2017).
[2] M. Sumiya et al., J. Appl. Phys., 88, 1158 (2000).
[3] D. K. Schroder, "Semiconductor Material and
Device Characterization," 3rd ed. John Wiley, 2006.
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EHAEEZET S N B GaN/InAIN HEMT DBRS
Development of high-power-density N-polar GaN/InAIN HEMT
FEREL FIRAR, SHEE WFE BEEEX E3E BURl=, hHi
Sumitomo Electric, °Akihiro Hayasaka, Shigeki Yoshida, Akira Mukai,

Isao Makabe, Yukihiro Tsuji, Kozo Makiyama, Ken Nakata

E-mail: hayasaka-akihiro@sei.co.jp

[1ZT®IZ] GaN HEMT (ZEERBE T & EE AT —F 34 2L LTRSS TEBY, 556
R 6G (T @ EREAAICBT DM AEEDR ENRO BN TS, LarL, —icE b T
VW% Ga fifE GaN HEMT 13404 — MEEICIBWTEFR Ay 7 7 ICH VAL LA v a s &
B2 A (Qa) IS D 7260 B E DR B WERICH D, £ 2Ty 78 THEEICL D A
> 7 7 ~OEA DI Y AL ZIHTE % N Mtk GaN HEMT 237EH S CTwb, N filt GaN
HEMT (33w 78U 712 AlGaN % AW 24 E 0N — ) T 223, Fx 138 72 2 & 158 B by A
REZ2MELE LTEmWY— b XX U TEENNIC LV EIRBEZM ETEX2 InAIN IZEH LTS,
Z ZCliE. N#EPE GaN/InAIN HEMT 128\ T 28 GHz # Tt iEhfEA ik L 7= D THET 5.

[ 3252 51 IMOCVD JE1Z & 0 /ESRL L 7= N A GaN/InAIN it 12 TilAu 4 — 2+ 7 &l NilAu
D7 — NEMZIZEK L MISH#E % H D Lg = 200 nm, Ly = 2.5 um @ N ##PE: GaN/InAIN HEMT (Fig.1)
BERLLTZ, 7OV WV E L v — R VEIC XD T /31 AREMEA FFAM L 72,

(R - B8] A=A HIEIC LV EDLNT NI 29 x 108 em2 TH Y, AlGaN /X 7 X 7 Tl
FEHREE R SUMERT O D Z & S LTe AR L2 T A 2DV AWV FitE % Fig.2 12T,
A RNVAEIE Vg=-10V, Vig=10V IZBW\Ta T 7 ARKL 145% ThH -7, Fig2 LV, 2.9x 101
em?Z &) ED N IZBWT S ge OBEE RN < ANy 7 N TIEEIZ K > TRy 7 7 ll~0
BT ORI ALEMH TEIZ LB X NS, ENs (280 R KRBT 2.6 Almm 2345 541,28 GHz
W ORI 5 12.8 Wimm % Z2R% L 7= (Fig.3),

30 ' W, 237 mm, L,: 200 2
source . Vi -10V to 2V, step 1V sl Vei 28, }:;”2590 mmﬂm
E 25} — Vo Vg = OV, OV Frequency: 28 GHz e
£ Vo Ve =-10V, OV 25 15
dielectric :,;; 20 — Vg, Vg = 10V, 10V ’é‘ Q
= n € 15 % 2 — =1
= — = = 2056 £ = ® o)
. 6 10 qf’ 10 E
back barrier s e—| %
‘= 05 5 .
a .
buffer 0 T 2 5 5 10 12 e G5 Ho 75 30 3 %
Drain Voltage (V) Pi» (dBm)
—_______/—.__-_
Fig.1 The structure of the N-polar GaN HEMT Fig.2 Pulse lds-Vds characteristics Fig.3 Measured Pout and Gain vs. Pin
for the N-polar GaN HEMT
[B%E] ZoopiE. NEDO (ENWFZERssE A S — 1L ¥ — - FEEHIFR GBI OBIREE TRX | 5 GIEF#IEE >

AT WEAEBRAVAFZERRFE F 2 (JPNP 20017) OFiEESNZH DT,
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NMg €A 2FEANEZRWO#E GN v avnR)y7oayv bx
— &4 F— FOERRUVER I
Fabrication and electrical properties of GaN vertical junction barrier Schottky diode
using N/Mg ion-implantation
ZRBEL !, ARKREH? AKXDEVE2—3 AKXIR ¢
Of K&, Rk tEX ' Hh Bz? 8 LR AH HFR>, KB E2
Nagoya Univ.!, IMaSS Nagoya Univ.2, D Center Nagoya Univ.’, IAR Nagoya Univ.*
OWoong Kwon', Yuta Itoh!, Atsushi Tanaka2, Hirotaka Watanabe?, Yoshio Honda23#,
and Hiroshi Amano?3+*

E-mail: kwon.woong@nagoya-u.jp

[T 5] HR GaN XU —F 31 R (Z, TOENTHIEEPCHACT X720 X 5 e/ NEH DI
LT REBINAELTHLHELETHD, -, Vv o7 var N7 vay b —F A4 —FK
(IBSD)I%, ¥ v hF—U T XA 4 — R(SBD)& p-n A XA 4 — RPND)DOF|E TH LKA
WIE, BlHAA v F 7 RS Hm Y — 7 B EOREEB L, RNU—T NN R LTS
NTW5, LavL, it GaN JBSD Z/ERL4 5 7= 0(2id, IR R— 0 Z IR SBE L 72 5,
o lE NMg A A EAZHWTHER GaN pn #2654 A4 A — RE2/ER L, A A FEASNTEH Y
NpnZAA—ROpEE LTI Z & 2R L[], ABFIETIE, mN TRIIZ N/Mg A A
VIEANEAT O L THER GaN JBSD ZERLL . FDOEREFEZ AL L7,

[ F8r 5 1E] BB E S 105em? L F O GaN H S5 BIZ n-GaN R U 7 b E([Si]:5%10'5 cm??,
13 um)Z Ak S 72, S8R p-GaN fEIkZ KT 572912, JBSD O 3 v M —fHk & 72 5
ZIE, 13 um B F O L&S ¥ —2 B Liz, A A4 EAUDIZ N—Mg OJIET 5.8x103cm™
O R—XF, TRF—T30keV, HRG T-DRMETIToTz, A7 ZBRE L%, Rilxih#
T 572512 300 nm D AIN ZHEFE X w72, Mg ([Mg] : ~3x10"7 em?, ~0.8 um) OJEHI OVENE
{ED7=Dlz, KRRUFE N FZFHEH, 1300C TS5 M7 =—/n Lz, AINZRELE., &iREVLE
WX DERHEA A=V ERET HDIZ Cla H A% W ICP-RIE (2L D XA T AT —25W TS5
STy F o T ElToln, Fia, FAOBEOT-D, ICP-RIEIZ XY 13.5um OFEE A Y2k LT,
JBSD ©7 / — REMOT=DHIZ, Ni/Au ZZ74& L, 0 ZPHKH., 525CT 10 o7 =— %975
oo Y — REMIIYT T VOEREIZ Al ZEETHZETEK L, RUVA I REHANTTA
AARADNRy v _R—= a3 yE({Tolz, VHERORTI v g VEMEE (EM) Z#HWTER LT
N ADBRFFERAN 21T > 72,

[#5H£] EMIZX Y 2 VO IBSDIZEW T n-GaN fEIR DO A ZEIRARND 2 & 2l L, BVET
T T V& W TIES A -V B S IBSD & Vv > 7 g N THE O 720y SBD D FEEE R
E(eon) % 7l L7z, SBD @ egpn 2% 1.0 eV T o 7= ifii, JBSD D edop 1L =2~ b F—FHIEOIE
AT D LITE ST egpn 7 118 eV ETHIML 7., ZAUTT s v FF—HEETH LM n-
GaN FEIEANE 0 IZHFAET D p-n BEADOWIEBILIC L D 222k SN2 EBNRRTH D . IBS ik
DD ->TWDEEEZLND, Fi2, 3V U T IBSD O A ARPUEA & & HITFIL R
Nz, ZAUX PND fEIEONH ERVICE 20 THY . AUHPUT 1.2—1.4 mQem? TH - 7=,
S BT, WM -V EERSR, IBSD @ n-GaN iEA2 < 325 2 L2 Lo T hm Y — 7\ K
BBV 92 2 L SRR T & 72, IBSD @ Ion(1.2 V)/ILo(-650 V)X 10° TH Y . [V EEFIPH TOE
VN on/off FE2SEERK S 4L72, ABFFEIZ Lo TRAELL FOfEk 7 vt 2T IBS 2MERATEETH D
Z DR T E T,

o~ 10%F .~ 50 1.20 ~
g 10% @ il e )| &

S ot 80 Z1asf 3

< :llgol PND S = ~

> 1 —1um | -] | ° Z

& o1l hm 130/ -%‘1'10 ° p £

5 102 / 5 2um g 2 5

= 107 F / AN 3um 120 5 1.05f <

= 10 4[ / 7. — SBD o E E

21079 /[ 3 {10 § 2 1.00f o| E

21075 /][ / |\ %A 3 ; e
“10-8 Ll s y Q&,.,O 0.95k~ N N N . o 10-10 { \ 4 g

0 1 2 3 4 5 -991..6 15 2.0 3.0 SBD —700-600—500—-400—300-200—100 0
Voltage (V) nGaN width [pm] Voltage (V)

Fig.1. I-V characteristics of junction barrier Schottky diode. (a) Forward, (b) Calculated barrier height of
SBD and JBSD, (c) Reverse.
[BEE] ARBFZEIE. SRR E THH AT —x L b o =7 ZF|H A E IR A 72 B 58 5 3
JPJ0097771 DIk ZE T TATHOI T,
[17Y. Itoh, et al. 71st ISAP spring meeting 2024, 24a-52A-5 (2024)
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Mg 14 A 2 EA p-GaN [2E 1+ B EARIE S &K VLRI TR D
NAFUEREAIZL SHE FFr—REEBRHR
Reduction of Compensating Donor Concentration of Implanted and Diffusion Regions
by Sequential N-ion Implantation in Mg-implanted p-GaN
ARBREL', BHPH? BRREHS
CHmfEE |, ARAEAXZL RBEL? FHER Y, ML, A@REL

Department of Electronics, Nagoya Univ. !, Toyota Central R&D Labs., Inc. 2, Nagoya Univ. IMaSS?,
°Kensuke Sumida', Keita Kataoka?, Tetsuo Narita?, Masahiro Horita'3, Tetsu Kachi®>3, Jun Suda®-3

E-mail: sumida.kensuke.w7@s.mail.nagoya-u.ac.jp

GaN R 7 — 754 ZDEHIc B 7x Mg 4 4 ViEAEMi oML Icm T <, Mg A 4+ ViEAL T p-
GaN H OFffE I F — IR (No) ORI EE CH 5 AW 7 v — 713 Mg & N A A v ZEfiid A (Mg+N-
VD) $252¢T, MgAAYDHRFEAL GaN ICHA~RT, Mg+N-I/I L7z GaN H D Ny KT 2 2 & %
WS L7220, — T MgtN-I/I L7 GaN IZEB W T, 7 = — VEMAKEE 2 L ofElliiE S hTnkn,
F7. AAVIEALLZBEEE ., 7= —dic Mg 238 C ICHREL L 72 5 Cld. N A A VR AIC X 5 Ny
DRI RS B 7 2A[REME DS B 5, % & TARIZETIX, Mg 4 4 viEA Mgl X Mg+N-I/1 L7z
GaN I/t L, EAGHI E IEEGERIC B T 22—+ 7 7 2 7R (Nag) & & — MHE P F — B (Naw)
D7 = — VIR 2 A L 72,

HVPE i n*-GaN (0001)%EM 12, MOVPE #C n-GaN ([Si]=2x10 cm3)@%# K L -3k 2 FAZE L.
Mg AFAvDHh, dLLIEMg, NAAVDIETELEFEA ([Mg], [N]~ 1x10" ecm™, 300 nm-Box-profile) % 1T
277, BEIET = — 113 1300°C, £HEFHEH A 500 MPa THEfi L, 4 a7 =— B (5, 15, 30, 60 47)
TfT o7, MOVPE {£ T p*-GaN 22 v % 7 ME ([Mg]=5%10" cm?, 200 nm) % PR L 2R ICHiKFET =—
L (800°C, 10 min, EHRFEHR) #1To 77 KITH v ZAPUMRICEM (N/AWND) ZIERK L. BHGE S LIS
D p-GaN [ % ICP-RIE IC X o THEZL 2 X (225,453 nm) CTL v F v 7 L7z, % — VEhSSHIE R RIC
ML 2R —AhEETFALZH VS Z LT, A4 VFEAMEE (225~453nm) & IEECGEIS (453 nm~) @ *
Y VTIREARIS L. 74 v 7 4 ¥ ZRHTENC X 5 T Nasn, Nash Z8H L 72,

Figure 1 1C Mg #REE(IMg]sh)s Nashe Nash P T = — VIEFRHKESEZ R T 0 Nosn (ZHISEAF & VT =— v
e (1547) TOHEWEZR L 72, IEEGEE (Fig. 1(b), (d) KBV Tid, BEREHFFACIY T7T=—1
D Mg IEEAMNE] X 7z 2 &, Mg-ITICxf L Mg+N-I/I L 7z GaN @ Ny [F{EWEEZ R L 72, 72, i
AFEIFIC BT, Mg-I/1 L7z GaN (Fig. 1(c)) TlE Nasw IFFWEZ R L 72 (Nasn/Nash=50% (15 min)) 723,
Mg+N-I/I L 7z GaN D iF AR (Fig. 1(a)) iICHB W T, W7 =— AWl (547) T Nasn 1ZEWEZ R
L7z (Nasn/Nash=20%) o 3§ -V BEPERHE ©id. Mg-I/T ICH~T Mg+N-I/I L 72 GaN Tl BAF7A— 3
v ZEEEIR LTz, N A F vililiFEAIC X o T, Mg-I/I L 72 GaN R D EHEPT 72 i 0 JRHT AR
L-AREMEDS B 2, UED T 205, N A A vilifd Ald NgKIBICHHRINTH 3 2 LRI Nz,

AGEE IR FEH N7 — 2L 27 b v = 7 RBIH IR AR ED TPI009777 D3R % Z T
T2o F72. HEBEKRFERE - AHMIEE X D MOVPE i n-GaN O ffit %57 1J 7=,

[1] H. Sakurai et al., Appl Phys. Express. 14, 111001 (2021). [2] M. Horita et al., JJAP. 56, 031001 (2017).
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Figure 1. Sheet Mg concentration
([Mg].sn) measured by SIMS, sheet
acceptor concentration (Naqn) and
sheet donor concentration (Ng.sn) for
the implanted region of (a)
implanted and (b) diffusion regions
in Mg+N-I/. GaN, and (c)
implanted and (d) diffusion regions
in Mg-I/l GaN with various
annealing time.
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16p-A22-9 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

Mg FXRYVITLFVEABLUBEBE7T =—/ILEZAVWTHERL:
W& GaNJBS F M/ A — FIZCE T3 ER-EERFHEDEAEBKENS

Current-voltage characteristics of GaN vertical JBS diodes fabricated by
channeled implantation of Mg ions and ultra-high-pressure annealing
BARBRL!, RAKKED?
odtJIl ##FE ', Maciej Matys®, £42 #1% YEH EF 7, ik &>, AR F 2
Nagoya Univ.!, Nagoya Univ. IMaSS?, oKazuki Kitagawa', Maciej Matys?,
Tsutomu Uesugi’, Masahiro Horita!, Tetsu Kachi’, and Jun Suda'
E-mail: kitagawa.kazuki.s8@s.mail.nagoya-u.ac.jp

M GaN /R0 —F 3 ZAOFEBUZANT T, A A TEAC L D HATHY p BULEM ORI AR 0
b, Mg A AU HEAKIZ 1 GPa FRE O & E TIEMHAL 7 =— /L (UHPA) 24T 5 Z £ I2 X D &
p BEMALRZEOND Z ENHE SN TRV ([1], UHPA OF A ZSHFTE S S Suthd <
WD A2][3], D mtERR bici TER T v 20MEt e TRPEIETH L. AWFIETIE, Mg
A A% GaN f&dh c A > THEAL, LV ETAA LV EZIEATDHIENTE LT v 3
Vo AT ENANCER L, e Mg A A EAET GaNIBS ¥ A 4 — RORIEEITVVE
—EBERMED AT o 7.

HAIEIBS XA A4 — NiE7 €/ —~</MEIC L D ER S 72 n B GaN B 75k 12, n ! GaN
(Narie=2x10" cm > JH\ )2 MOVPE 752 L 0 ali L72ilkt 2 W CTERL U 7. p BUGEIR 2 TR AR T2
729D Mg A AU EANIE, TFRAF—180keV TOF v R VU U ZHEANIIMZ T, KEH~DEANE
HEJE L 20,90keV TT > ¥ LiEAZIBINTIT> 72, UHPA IZEFEA T 1300°C, 500 MPa (233
WT 30 RETYY, Dtk BIKFEEGLEE, EREREEZT 7. RILICEIELET vy U 7
ANIBS XA A — RO L VI 2 b—1 a2k b Mg O TR, Eit-EEREZRT. p il
FEIEIE X 2 pm, p BUREIRRIRREL, X 1.0 um 2> 5 3.5 pm Z{ER U7z, {ERI L7 IBS ¥ A1 4 — RiL,
T D Z R L, WIHNOL, THW HiEIVENIE, TFE 12X X5 §ffiZs SBD (2~
TR S 72, Ly=1.0 um OEFIZRoy T
DRI KRE L 2o 7=D0F n BUFEI 2 5 < Ll _ SBD 3.5 um 2.0 um 1.5 um
o TWHZ EERLTEY, Znidp & 0 L 2um ""y”er'ﬂgwm' :
AL A7z Lok pez)gmEmo < °

. 6 X107 cm-3
n—type GaN drift layer =

b ; Nyg=2x108cms 2 17 3

PERRIEA Mg OATHEROSEIE T 2 e
EEZBND. Z p e O ()
I, T2 Mg A A HEARZEL (T § pof QUM 20Up3gum TR
3FHLTERL IBS A A4 — KD SIMS £ g g
SHTIC LD 4572 Mg Z3Ai(UHPA #) & Bifi- 5 10 NN E% = 1

BIEREZ RS )1 OFRICHS, TFE  0"p %o 4o
=& 5 /ﬁﬂ%{ﬁ?ﬁl &9 /;jj%éﬁ K{&V@ s n< o0 _g%(\)/erse_cgl(t)age 2\3)00 ° F(1)rwar%1 voltgge (\‘}) °
WLZ EDbnDd. —T, Ly=1. Dk

Iz }?ONﬁ%gj;;?f x< Z;CTL:};S @1 ,5 i/t{r:g S j— Fig. 1. Schematic structure and /-V characteristics of
VIEAEALL L7-Z LT on BEE N < o, fabricated JBS diodes (Mg peak = 6x10'7 cm ).
IR o TVDHZEERLTND EEX 10"
bihd. A%OBEE LT, EhdEMae
LARHESUR)IC T 72 Mg AR O TE M
e L3 L OMT LB sl A HE TH
HLEZTND.

[FfE] AWFZEI, SCRREE TN —x L
7 b o =27 XA B BT T R B 6 )
JPJ009777 DIk Z 2 T T2 H DT,

[1] H. Sakurai, e al., Appl. Phys. Lett. 115, 142104
(2019). [2] M. Matys, et al., Appl. Phys. Express 14, 10°F
074002 (2021). [3] M. Matys, .et al., Appl. Phys. Lett. _12:00 7000 -800 -600 400 200 O 1- . é . é . ‘-1 —
121, 203507 (2022) [4] T. lehlmura, et al., Appl. PhyS. Reverse voltage (V) Forward voltage (V)

Express 14, 066503 (2021). Fig. 2. I-V characteristics of fabricated JBS diodes
(Mg peak = 2x10" cm™).
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OVPE ;EZ AL Mg £ F A GaNl D RXKEFBHEFEDRE
Proposal of atmospheric pressure activation process for Mg-ion implanted GaN using OVPE method
BRARBEL !, BAKRBEL ? ARREWRS TV vIR—IULT1OTXER, ERIEFEGFS
BFHRETSIAFYIRERE RRKL—Y—8’

OFEXRE", FEEAL TNIEFE' BHAETE' Bz’ BHFF—' BRER"
SHEEFE' FHREA° FHES FHEE, BLUFRY, KHER® XFikd FEN
Grad. Sch. Of Eng. Osaka Univ.!, Nagoya Univ.?, IMaSS Nagoya Univ. 3, Panasonic Holdings Corp. 4,

Sumitomo Chemical Co., Ltd.%, Itochu plastics Inc.5, ILE Osaka Univ.7,
°S. Usami?, Y. Ito?, M. Kagawa?, S. Yokoi!, A. Tanaka?, J. Takino* T. Sumi4, M. Imanishi?, R. Ito®,
M. Hata®, M. Yoshimura’, Y. Okayama?*, Y. Honda®, H. Amano?, Y. Morit!
E-mail: usami@eei.eng.osaka-u.ac.jp

[TFR] GaNHitH T —F A ZARBUZH T2 0 A A L FEAIT K DRFTHI 7 p AURENE HI T A3
HETHD. GaNIZBWTA AU EAIZL D p B 2B 5 ITITfE s EIE 7 = — VIRF D ZE T
HEZ M2 0E R H Y, 1GPa b DEMEERE F T =— 3 28&m/ET =—/L (UHPA) |2
Lo TEBHREEME L p LR ETE SN TWAE, L LR, BEIE « @miRic ks Lz
INERGRXHAMT ~N— R @ < RABITRIR E U CIRED % D . A% Tld GaN OKFHEK
FiETH 5 bcME (OVPE) #E2IGH LI KKE F CITA D HHEMAL FIEE2 R ET 5.

[EBR] ET 570270 —%K 11T7T. OA A HEALKE GaN _EIZ OVPE T GaN @
R LN DA A EANBOIEMHALZITH . ZDk, @S L7z OVPE JE8 DA% HEET 5.
OVPE 1% Gaz0 # A & NHs D i WS PELZ & - T 1200~1300°C DIEMEAVIRFEHHZ 3 T 8 GaN
R CE AR Fhebh, JFERAICIIREREI I L > TERBBEZ MG FEE B2 b,
F£7-, OVPE EILEEHE R—7IC Lo THBIKIKPLE R 2R EAH Y, ERbF=yTF 72k -
ERMEDNEOND EEZDLND. ARETIIZORBBRIEEZIT-o72. #EHE LT 30 keV,
5.8x13 cm2C N—Mg DIETHAEA L7 GaN # v 7=, ik EIZ OVPE % H\ T 1200°C,
1 FEM D GaN kA 1T -7, FIRFOEZNEEZ PR T 270, @ L0 HIKIED 900°CH 5k
A BRAE L=, FlEfg, 1 M @ KOH KIAHIZ OVPE Bt &R B A2 EIE L, ¥ 7L % Gk &
L CEBRNEEIT o712, FIEERIC AFM CTRE FHEMEZ2 MR L, KR PL 255 L7z,

[FEFR - BE] 306 RIolE L7 OVPE Bk LT Y, BEIX40um Thotz. Z0%
fEh OVPE @2 BRUbF= vy F o 7 Ltk 25, HOMICEE T2 5 OO KA D OVPE JE %%
RENCBRET A Z EICKRII LTz, L LR D, HEERREICY 7 v 7 RSz, 77 v 7
DIFERIZ LS OVPE oD Nick b0t Bbonsd. 77 v 7 2R CHBEER R T %
AFM TaHli L7= & 2 A RMS % 0.4 nm TH Y, REFTCAUIMR SN2 ho> T2, &%IZ OVPE
EakrEL, T UZREREOMKIE PL A7 ML &[X 21278 T. 3.28 eV I Mg 2RO B — 2
NIAPRICEBIEZE S, Mg BNIEM L L CVWA Z MR TE 2. U EX Y, BEEIH D LODOARE
RFRETIROBEY 2 NHIET 5 Mg A A 1A GaN DIEMALTFIEIC RV EL &2 6N5.

[ 3CHR] [1]H. Sakurai et al., Appl. Phys. Lett., 115, 142104 (2019).

[2] A. Shimizu et al., Appl. Phys. Express 15, 035503 (2022).
[BEE] Ao — T BEs HEHRHE COy EBLO =D O
(GaN) = FE#f

10°

Y DAP

Q
=

@ Activation during @ Electrochemical etching 2 10
(CNF) ott& OVPE growth g
= o Pt E
Feak - % KR B Tg-12000}3320/NH3 KOH 1 2.
DIIEE S|k = SN
ZiE & 2T TT Mg E> pGaN e 20 ze 28 sz s
L. GaN GaN Photon energy (eV)

Fig. 2. Low temperature PL spectrum

Fig. 1. Proposed activation process flow using OVPE. measured at 40K.
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16p-A22-11 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

p B GaN REICHRET HEFRICOLTORE
Investigation of Charge Generated at Surface of p-type GaN
XEEEUS2— OCMDE —E' M) =/ &', M) BK FX',
&k BR', % EE'

RCIQE, Hokkaido Univ.?
°Y. Jiao!, M. Takahashi!, T. Shimazaki !, T. Sato?, and M. Akazawa'
E-mail: jiaoyining@rcige.hokudai.ac.jp

[IZUDIZ] 2T Y 7 A(GaN)IE, & O VEE R, @OV A Fs g | & VE TR B S
WD E T A ZAOMEHE L CTHIFF ST, MOSFET 1% GaN OFI 8 2+ 5] & Hid
ZENTED, mtERbd GaN MOSFET 7 /34 A HA STV A A, p il GaN (p-GaN)ZK it
BFOXRMERET L LICkY, SHICEFBEEZ D 5 /N H 5, AP TIE, 800 &
ﬁw T VAT =—/VEZILSIO, Fv v 7T =—/LD%, p-GaN JE LI MOS %A 4 — R % {Efl

aﬁﬁéﬁ% PEEAEIL T 0 & A DKEERFECIT o 72 X BB T IEXPS)fE R 2 b &2, Rl
4759([3% X DEMIT OV TR ERET D,

(3@5@7%1 MOVPE {£I(Z2 L 0 | n-GaN H S FEMR EIZEIREE pn #4540 LT p-GaN =% ¥ /¥
JVJE(Na = 110 em®) &2 pli e U7z, K EBVLER | L 5 Mg OfE M kiE, 2R 5K+ 800°CIcE
JTAFXY v VAT =—VERIL SIO ¥y v I T == N ETolm, X v T =—IBIT5
SiO, ¥ v v 7TEIZRF ANy XIZK VIR L=, 7 =—/L8IZi%, Wi oiE E H HF:H0=1:1 (2
FoXy o TEBHLIVITERBB(LIELZRE L, ALD T ALOs B A KE, TilAu EMA KT 5 &
bz, BEICTIAUA— v 7 arZ7 e L, MOS ¥ A4 A — Rz L=, 612, K
& 300 B 3R OBVLEL (PMA) 21772, ¥
o IT =— )% D XPS IZBWTiL, BHF 2L 5
v by F 728D Si0 &2 3nm DOfEE & L
—(ngﬁﬁ 78?]—‘0 7LCO as-grown 4 before Mg activation

[ L] XPSIC L AKEMECToORE 7 =L boeememnn .
@ﬁ[i(EFS)ﬁ[ilﬁa)ngﬁﬁﬁ%% Flg 1R, BARFET after capless annealing -
=— /LR as-grown DEFEIZIUNTIE, Ers i3 Ec - after Mg activation
09eVIZhHy ., v v LAT =—/LZ L EMHT
PEA Ecne (Ec—1.1eV) (Z¥ffniz, Wil é s, 4

E, Eg

after SiO,-cap annealing

EOHIAEEZD L. REOELICL VIAELEF I .3
WM LA =y P L EX AL NTES, L Y e

AL Si0; F v v 77 = — VEARICIL Ers IZKIRIC Fig.1 Surface Fermi level position investigated
Ec il ~®&E) L7z, Ziuk, p-GaN s Kbkl by XPS at each process step.
L7z Ec fhlf R —BUER. O EZ RET 56 D
LEZHNS, —F, Fig. 2 I7-T X920, Fyvv 7 T7=—)
ZATA/ERL L 72 MOS #§i& D C-V FEEIXIE D [ E B OFFE % 7R 1x10™ b
L. S S 7255 NG B (D) /0 A 13 Ev+ 0.4 eV 112 T
SIITHEEIN U T2, SN L B & = HE LN KL Ev+ 0.5
eV B LW Ec—0.2 eV FHlTlZ R —HRFpEHENL 2 4 U 5, p-GaN
FH TUIX Vn K23 IETE 2 4 U T2 ATREMEDS @\,

(BEE] ABFRIISCHREN RS TN —= L7 fhe=27 X 1x10'2 £
B FLAR E AR AR ZEBH 2% | S92 JPJ009777 DERER L OV
JP24K22934, JP23K26131 D)% 52T £ L7z, MOVPE &k %

1x10" k

D;[em? eV

1x10"

TN T2, R IE AT OO R I A IR 7 L T I
-E,[e
[1] J. L. Lyons and C. G. Van de Walle, npj Computational Materials

Fig.2 D distribution of MOS diode

(2017) 12. fabricated after SiO2 cap annealing.
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PHEMBER—EYJICL S AN RHE p-n Y1 A — K DER

Fabrication of AIN-Based Vertical p-n Diodes with Distributed Polarization Doping
BABRI ', B °, X IMaSS®, XD >4 —*, &XIAR®
VB EE, ENB, G Rt ARA BE ', FAH ER Y, FiH 20, AR FE ", KT EY

{Grad. Sch. Eng.', IMaSS’, D Center’, IAR’} Nagoya Univ., Asahi Kasei Corp.°
“Takeru Kumabe', Akira Yoshikawa®’, Seiya Kawasaki', Maki Kushimoto',

Yoshio Honda**®, Manabu Arai’, Jun Suda"?, and Hiroshi Amano

3,4,5

E-mail: kumabe@nagoya-u.jp

[B2 - BM] AIN & X 0% Al fiUK AlGaN 13H6 TR F 5
VR ¥ vy 7 LR E R & KR ST —F NS 2R
LCHIfFENTw3,  pn BEEIREERT N 2 OFARERE
FThH 50, AINZMECIERIEFZ2ESFEZ TR T pny A4 —
FixgEHInTwizw, ZOFRKELTFF—8LXUT7 717
=KD A A NV F=PKREL, HiR T
MR 2 LT on3[l]. 22T, AFETREAMY P
— b ) ATy B — & 2 (Distributed Polarizati
on Doping: DPD)[2]% F\>T p-n &2 ERL, RiraE5ks
M:%RT AINZpn ¥ A4 —F2EBELZOTHET 5(3,4].

[S=BRA5%] Fig. 1 12fE8LL 72 AIN B8 p-n ' 4 4 — F o
HIMEERZ RS, 754 AJEREEIZ MOVPE 51T & b i1k
AIN HEHUCEEE L, pn BATSIEERN A Y F—Evr 7
ZEHEWDPD I X DB L 7. DPD % Al f#ilf% 70%5> 5
95% ¥ THUBERI L 72 AlGaN I X h EBLL, p 3 & O n fE
DB BEERZNFN 2x10"° LN 3x107 cm R L % %
kO BREGHRERE) 2 &5 L2, oAy F v rickh®
E XY & n'-Al,,GasN:Si a v ¥ 7 FEoBH 270, X4
FAE M )iz V/ANi/Au A — 3 v 786, 24 EEp fl)ic
Ni/Au & — 3 v 7 Bz B, £Hi%z SiO, LRV A I FickD
T2 2 & THERL Y A4 A — F 28 L 7,

[RERER & ER] Fig. 2 IfEBIL 7244 4 — FOIES SR
R & BARE () 2T, 754 AXERERZRL, 2
DR 13 )5 IR ER(RT-300°C) CHAS A ERn=2)1c X b
FHTEL, MAT, BREA L ZFLEAFEL B S 1
7o, TNSIMERIL 2T XA A pn ¥4 A —FThHsH I L%
XFRL T3, Fig. 3 IKmEREEREEZ R, FRL
4 A — i3 283 V CIEEEL 7-. AEEEEMER Al RS
DENED S KD 7= p @I n D22 B 2 eI L
7HEEESIE 7.3 MV/cm THh o7, ZHUIE F—E v JEE
28T % GaN D H(3.7 MV/cm)[4] D) 2 5 CTH 5.
DXz, DPD Z w3 2 &0 Al fHK AlGaN (Al #5% >
70%) Tb BiFRELAREEZ TR T pn ¥4 4 — FEERATREC
HBHTEREIFLE, MHIF, K4 KPR EREA I AT
7o, TANA A« AYHEEDOHEFERICOWTHHRET 3.

Anode (Ni/Au)

p**-GaN:Mg, 20 nm ([Mg]: 1x10%° cm-?)
p**-DPD AlGaN, 30 nm
p*-DPD AlGaN, 70 nm / Polyimide

(Non-impurity-doped) / Si0:

n-DPD AlGaN, 400 nm
(Non-impurity-doped)

Cathode
(V/AUNi/Au)

n*-Alo7GaosN:Si, 300 nm

([Sil: 1x10%® cm9)

UID-AIN, ~900 nm

Semi-insulating AIN substrate
(TDD: 10°-10* cm?)

Fig. 1: Schematic cross-sectional view of a
fabricated p-n diode. (Ref. [4])

10° - 3.0
~ 10°] ]
E
% 100' r2.5 LQ:
> 101 S
= [}
% 10‘1- F2.0 L
< >
3 10 1 3
£, 8
21071 15~
3, .4

1071

_5 i Ak 2

- L 1.0
10 5% 4.0 5.0 6.0

Forward-biased Voltage, V¢ (V)

Fig. 2: Forward-biased J—V characteristics of
a fabricated diode. The open markers in-
dicates ideality factor. (Ref. [4])

10° 1=
—~ 1071

Cl

3 o = 3 o
o O o O o
b b oAb

-
OI
4

Current Density, J (A/lcm

Eg =7.3 MV/cm
(Destructive)

N
S
&

-9
-300 -200 -100 0
Reverse-biased Voltage, Wk (V)

10

Fig. 3: Reverse-biased J—V characteristics of
a fabricated diode. (Ref. [4])

[2#3x#k] [1]Y. Taniyasu et al., Nature 441, 325-328 (2006). [2] D. Jena et al., APL 81, 4395-4397 (2002). [3] T. Kumabe
et al., T-ED 71(5), 3396-3402 (2024). [4] BT ft, 25 71 MIAIEY), 23a-21C-3, HAL (2024). [5] T. Maeda et al., JAP 129,

185702 (2021).
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Si F—=7AINY gy =Y THA A4 — FickiTBIEL MY — 27 B O
Analysis of Forward Current Component in Si-doped AIN Schottky Barrier Diodes
o4 R—B§ !, BORIEM 2, BBA—3E 2, FRl—1T % AR5E?, PERE |, sTHEN'

L. Sasaki', M. Hiroki’, K. Kumakura?, K. Hirama?, Y. Taniyasu?, Y. Nakano', T. Maeda'
University of Tokyo !, NTT Basic Research Laboratory *
E-mail: isasaki@wbg.u-tokyo.ac.jp

ET NI =T LAAINNTIEFITRE VWAL RE ¥ v 7(~6.1 eV) & mUORBRRIEIEE R (~12 MV/em)IZ &
0| EITHE CEIEEERRERE 7T A AMEHE LTI SN TV D, LL, EfnE ek a2 iEY
LEMAHEST SN TE LT, MoK IAMEIRE LT W=D, SR DERREN A+ TH 2 DN
BIRTH D, AIN v 3 v h¥—U T ¥ A 4 — RKESBDWIB LTIk, BfERD BWEARR 10 E)DH
FHIFX1LS THY . HENREN=1.0002 b KRE BN TWD[1,2], £ T, AWFFETIZ. AINSBD OF
TRER SRS 2 SRR ARAT L. n il & BERES S DIX 5O X IZ oW GRS -0 THiET 5,

Hefin it SiC Hofk BICH S B S EIEMOVPENZ L > T7 > R—=7 AIN, Si F—7 AIN, Si K
— 7 HEER ALGaN JE(x=1.0 - 0.2)Z Al L2, AIN BOBBEBRELIT 100 m?BETHL, N
T4 Ty F UKV ERE AlGaN B A RZEL T Si F—7 AIN J8 4 B H &8, A AlGaN Blo A —=3
v 7 %M, Si K—7 AIN ElZv = v b —FEMiE LT Ni/Au Bz %55 L7, Si F—7 AIN @ Si %
I 1.3x108% em® TH D, 3 v bF—FEMELL 200 pm, 400 pm, 800 pm D 3 KUE, 45 24 FE A H
B L., TRkt UCEG mER-EEJ- V) EES X OFE-EE(C-MBIEE1T > 72, N850 -V HIE
OFEF, EA 200 pm (28T, BAER 7 135 (ZNETHESNTWAHR TR S 1ITEVME)Z RT3
TR LTz, ZAUL, B MR EE T i(TE)yE 7 /VICHES 2 & 2R L CW\W5, TEE
TS\ fT 2 T o7& 2 A, BEEE 13 2.58eV Elno7z, FERIZ, C-VIIEDRERMNS b
BEBSZROD L, 35eVIERELWHIENE LN, LV L ELNZEN C-V I bELNTEEY b
INEWERE L, BVE TCHNC K D R DL RIS IR N AL, ARRIEER A EE R REHl S e e LB 2
bbb,

iR X5 2 FIFHEAR 2R A R TR T OIENS, BEERSORFHE F 2K L-y a v E—T
A VRERBIE R TE T bEA SN, BERY — RN HELRVWETZRMEER L, FHELK
YEIZHF LR Y ZRD72E Z A, 200um T Y=0.21, 400pum T Y=0.04, 800pum TY=0 L72o7=,
FEREE SORPFME T 2L U D RMEEZ D, Hfid A L9758, Y=exp(-DA) L FH, ZhEHWD &
D=4x10° cm?RETH DL REH D LN TE 7, THUL, AINEOEBIEBERL 10° em™ & ik
% EIHFITNIVETH Y, R TORMAEES SORFHET &Y — 2 ERz5 3o TiEk<,
D FER NPT D ATREVED R STz,
[Z53Cik] [1] T. Maeda et al., Applied Physics Express 15, 061007 (2022). [2] C. E. Quifones et al., Applied
Physics Letters 123, 17 (2023). [3] D. Defives et al., IEEE Transactions on Electron Devices 46, 449 (1999).

10° 10° , 10°
¢400pm‘,
S 2] N -2 ]
5 10 10 i 10
i 4 -4 {/ -4
2 10 107" 107"+
2
<} - - ep, = 1.47 eV -
o 10" 1071 P 407
o
5 107 10 107
10710 107" Y =004 107"

Voltage (V) Voltage (V) Voltage (V)
Fig. 1. Forward I-V characteristics of AIN SBDs with the Schottky electrode diameters of 200 um, 400 pm,
and 800 um. Shoulder-like characteristics are observed, which indicates the barrier height inhomogeneity.
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AIN MESFET o &R 514 ¥ (i
Characterization of high-temperature properties of AIN MESFETs
NTT Pfe8F COREKRIEM., TM—17. RE—R, 8FF%

NTT Basic Research Labs., “Masanobu Hiroki, Kazuyuki Hirama, Kazuhide Kumakura and
Yoshitaka Taniyasu
E-mail: masanobu.hiroki@ntt.com

AIN [XEVIEFRIFEERZ A L TEBY ., RU—TFT A RCHICEETH S, /o, N FF
¥ v T RAF =N 6eV EREWZHEMEX v U 7REILFEIERCHES, MRS HE LT
5, Bexlx, Si R—7 n% AIN % V7= MESFET OEIEICEREI L. £72. 500°C OEETHEN
TREE AT 2 WA L[], ARl A7 —UE 1000°C ([ZHIRATRE/R 7 — R —%& v
T AIN MEFET O &iRFE 2500 L7200 THiET 5,

AIN MESFET O Wrifit§i& 4 Fig. 1 (27, Fffafx SiC Atk BIZ7 > R—=7AIN N> 7 7 &, Si
F—7nfAIN F¥ 3 VEEZH LTS, Si R—7BE L 2x10%em> TH 25, nf AIN Fx %L
Jg & —A, KA BBOMITITMEER AlGaN 2> % 7 Mgz Bk L T\5, Y—A, KL
A R & LT 800°C T7 =—/L L7z V/AIPYAu, 77— ML LT Ni/Au Z W=, ¥ — b E
(L 2um, & — MEIZ 200 um, YV —A- R LA U@L 6 um Th 5,

HIRN S AT —VIRE 1000°C TORERMESL Fig. 2 12T, 2B, EII Ve —N"—27—
DOEFEOEER THE L TWDID, T, AREOREITIZNE R D Z LITEET D HLEN
Hh, FIRND 500°C £ THE FH & & HIC LA VB ()i 0.45 mA/mm 7>5 48 mA/mm (&
MLz, 2L S R —OiEMHLIC L 2B FREOHINICED EEZ NS, S HITREL |
T2 e, RbAa VBRITESCONTHED L 1000°C 1IZBW T Iii1E 30 mA/mm Tho7-, Z ORI
T4 CBELOBINC L ABBER T oD B2 LD, BiA 7RETORL A ) —2 &
PRIZZEIR DD 1000°C ~OIEFE EFITHED 1310712 5 1x10* A/mm (IZHEIN L7223, AT — ViRE
1000°C (ZBWTH A A7 10? RGO NT-, A 7RETOSF — MNEIR ()bEM LN, 14 D
VNORETHLZ b, FLA ) —=2EROFERKRE L TLAIN Ny 77 EHF DU — 27 533k
HThHoDHEEZDILD,

WIZ AIN MESFET Ot DUV TH 72, 1000°C ~DMNENZ K- T, 7 /31 AR T IER] 3
HICZE L LTz, Fig. 3127 — MU — 7 KetEaomd, IEENZ SR OW Sm 7 — b U — 27 EifilE 10
WA/mm THo 7228, MEE 108 A/mm 12 EF- L7, IEFAY — 7 ERGIKEEER Y —%—72
FtEZ2 R LTz, 2O OFRERITERNEIC LY, F— FEMO Y 3 v X —RERHb L= &
ZRLTWD, MEWED Rg— MNEMOBAFEAY . AIN MESFET OIS HICHWAETH 5,

[1] M. Hiroki et al., IEEE Electron Device Lett. 43, 350 (2022).

10° T T T 10° T T
L v, =+20v i o'l
s D i | 10°
ardd-AIGEN:Si 1o00¢ 7 0°
E 1w’ Afler heating
b £
4 T w0
ANS: 1 E 40 ﬁ
b 5 0 =
| o 10 Before healing
B

‘7 un-AlN (800 nm) —‘

‘ S1.-SICsub. 14 ! ! I I L 20 -15 10 5 0

~~~~~~

T

!
-
=

10
25 20 15 " \/1)0 5 0 Votage ()
Fig. 1. Cross-sectional schematic of Fig. 2. Transfer characteristics of AIN Fig. 3. Forward and reverse gate leakage
AIN MESFETs. MESFET from RT to 1000°C. Solid and dashed characteristics of AIN MESFET before and
lines correspond to Iq and Iy, respectively. after heating at RT.
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Al-rich AlGaN ¥ JLFF + )L Fin #&:& DS & 514

Fabrication and characterization of Al-rich Al1GaN multichannel Fin-structure

REXFEESMZRAR /MREL, LEHT, difEF
Institute of Industrial Science, The University of Tokyo
°Takao Kozaka, Kohei Ueno, Hiroshi Fujioka
E-mail: kozaka@iis.u-tokyo.ac.jp

[(BR] EFE0 7Y 2 VBEOERBEL - REBLICE> T, b7 vy YR 2 DR 5 HRER L2
koo Te Yy, KRAEEME L LT Ultra-wide band-gap  (UWBG) (KD Al-rich AlIGaN
PHEH XN T W3, Alrich AlGaN X, ~17 MV/em O &\ HofgkiEEE U in 2 <. ~50 THz V @
Johnson TEREFS L = (HEARMIEE R X A EE27) Z/R I[1] « X 5T, Alrich AlGaN [
AlGaN/GaN Hiti & [FBk. AIN/AIGaN ~7 n RHICHER I N 2 RELETREE O 2 XITETH A

(QDEG) % %JEftd 2 2 LT, WHEEILE & A VI b L — P4 7 2@ HH L CTsE
L. oA 2o %M EXE2 28R TES[2], LA L, AlrtichAlGaN~ L FF ¥ 4L b 7 v
VAZDOERITIE, FnMOF ¥ A NCH A4 N7 — PEEER BT 2 0EBH Y, 72, 2DEG~
DRIFRA—Iv27av iz s 2IBKT 52 LBWEETH 2720, K7ZZOEBATREMICOWT
FomEfE N TRy, RIFFETIE. A%y ZFHICX D ERIL 72 Alrich AlGaN ~ L F F ¥ 4 L
&I LT, SIEEMHE n B GaN(d-GaN) RN X » TIRIKLo A —I vy 7av 27 b
IR L. Al-rich AlGaN = v F F % % v Fin BUEE o &R & B0 2 3 L 7=,

(B 7E] AR RRFERRIT VR 2%y X HER(PSD)2ETE 72 WV THEME L 72, FEMRIC 1T+c-
AlN/sapphire 7 ¥ 7L — F Z v, #IHARET & LT AIN/AIGaN & 7 v F v A L& 2 ESLL 72,
BT, Ni/SiO, v A 7 # W7z ICP-RIE F 74 = v F v 27ic X Y Fin &2 L 7-%. [F
U 28y 2iERFGTZSI0, % A2 712 X 5 d-GaNJE IR FE 2> 5 2DEG ~D 7+ — I v 7 il
I L 72, RIT ICP-RIE FIA4 vy F v I XV F#BF0HtL 721, HIBEIC — FEME L
T Ni/Au % EB K% CHERE X ¥ 72, ®f2IC d-GaN Lo+ — 3 v 7 &EHMi & L T Ti/AUTi/Au % EB
KA CHERE L 72,

(FE5 & 5] X 1(a)ic, Al-rich AIGaN & 7V F % 2 AEED XRD 20 /w #llE DFER %R,
B X Nz 2 7 ) v ¥ 2 — 3 AIN 50 nm, AL FHAR 65%D AlGaN 135 nm D% 0 iR L i
THEILS 74y T4v7&NTz, 5T, K 10)DXTATF ¥ A MEEDHIE T~y &V 7
5. AINICHWH LTAIGaN 282 b —L vV PR L TW3 2 EARERTE, X7 AF v 2 AED
ERMERE NI EERRLTWE, ZTTCHLNAELTAF ¥ AAMELP S, B 1R T L9
W FinfEED 7 v VR X ZTBK L 72o T % A VIEIXK 1(d)ICRT & 512 600nm T, ¥ —RAF
LA VO ILVEERZIE LA 2 A, 4 — 3 v 7EESHER I N,

[BEE] A#fF7E D —EB1% JST A-STEP(JPMITR201D) . EBHifE: (JP23K26557) DB % %2 TiThH
N7z,

[ 3CHR] [1] A. G. Baca et al., J. Vac. Sci. Technol. A 38, 020803 (2020). [2] Y. Zhang et al., Nat.
Electron. 5, 723 (2022).

10.2
(a) ——Experimental (b)
[ ——Fit curve AIN 10.1
= ) AIN
= AlGaN -
St 10.0
g <
st E 99
z ;~
g L 9.8+ AIGaN
3
£
9.7
n P L VO 9-6 1 1 . . .
34 35 36 37 -3.8 37 3.6 3.5 Ni/Au  Ti/Al/Ti/Au
26 (degree) q, (hm)

Fig. 1 (a) Symmetrical X-ray diffraction (XRD) 20/w measurements and (b) reciprocal space mapping near
10-15 diffractions of the AIN/Aly¢5Gao3sN 2-channel structure. (¢) The proposed AIN/AIGaN multichannel
FinFET in a 3D schematic and (d) SEM image of actual fabricated Fin-structure.
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MOVPE ;£ THRUIE L 1= AIN E4R L D#EFES AIN/GaN HEMT D Eh4ESERE
Demonstration of Pseudomorphic AIN/GaN HEMT Operation on AIN Substrate Using

MOVPE Method
MEAERE ', BRBET % &K IMaSS® CEXE ', FNIG 'S, R ER MILE, FiHF® AHES XEFE??
1Asahi Kasei Corp., 2Nagoya Univ., 3IMaSS, OTaeGi Lee!, Akira Yoshikawal?, Takeru Kumabe?,
Sho Sugiyamat, Manabu Arai®, Jun Suda??, and Hiroshi Amano?3

E-mail: lee.tb@om.asahi-kasei.co.jp

[#E] oE, WHIROBEFT A AL LT6.0eV DU A KAV RE ¥ v 7L 340 WK D
EWEBMRERZGT 5 AIN IZHEEHDEE > TV D, B EICITFEFIR AlGaN/GaN on AIN 23 #ih X
AT E M ORI LR THEAR AIN/GaN on AIN ~OHIFERA K EZ W, ZhETa—xb
RFDIHD MBE % IV THFHEE5% AIN/GaN DREIEE HEMT FPEDEFEIC K L T & 7@, —
FCRERA e R OBIEB L O EELAHEA D & MOVPE JEIC L DFEBINLEEND. BAxD T V—T

TIIHEFHEAZD GaN on AIN % MOVPE JEIZ KV EBLT 25 Z L ITaP L72BL RAfF%E i
MOVPE i£(Z & 0 fESL L 72 AIN/GaN on AIN (23 T, HEMT OEWEEFEIZEKL) L 72D THET 5.

[52B%] MOVPE 412 X - C AIN BRI R SN2 8134 % AIN-9 nm/GaN-13 nm 7 = /%
FAIWTHEMT 731 A 2 /ERL L 7=, Hall JllE D & 3R 7= 2DEG OFFEILE BB 300 cm?/Vs, +
— h¥ v U TR 1.1X108 cm?, > — MEHL 2000 Q/sq TH-o7-. 7 — MEMIZIT Ni/Au, Y —
A« R LA EMIZIE VIAIUNI/AU Z vy, Le=5um, Lep

0.125
=20 um, Lsg =3 um &£ L 7-. (a)
01001V =-3~3V
[#R] HEMT o) feiEds K OMBEREZ X 1 (a), (b)I2 (0.5V ste
0.075 1

AT HAIEEIC B W TIE, Vos =5 VUL T OfEE T g v
My —MERDTNIAELND OO, By F4 7
DB STz, AmERETIZY — 7 Bk &+ Il <
X THY, ON/OFF thix 107 #4537, [mEREN LA LR
TPHAE a2 % A gn it 0.025 S/mm &;%Hjéhf: Z o 10 20 30
Drain-Source Voltage, Vops (V)
LB ORERN D, MOVPE L& HWZGAICB W T HE T
4 % AIN/GaN on AIN @ HEMT 7 /34 ARENMET H Z &
EIFELTZ. £, MEREEZRE LIz L 25, Wt
WEDT- DD TRIFIT-> TRV DL 5T 23 kv
(1.15 MV/icm) EERTEZ R LTZ. 2 OREHRIE, AIN/GaN
on AIN 7% AIN B IR O FrR 210G LT T S A TH
HZEERBLTND, 7206, AIN BDETT /31 AD Lz -
MELE LTEWRT Uy VEFFOZ LA RT Z LN T 0% % % 4 2 o
N o Gate-Source Voltage, Vss (V)
TREEARDIEAD. _
Figure 1. (a) Output and (b) Transfer
[1] S. Ozaki et al., Appl. Phys. Express 14, 041004 (2021).

characteristics of the HEMT.
[2] A. Hickman et al., IEEE Electron Device Lett. 40, 1293 (2019).
[81 H)II 5 fh 26 71 [B] ISP SR 2l 25a-P03-5 2024 4 3 H

Drain Current Density, Ip (A/mm)

2] (b) I

0'3. ION / IOFF = 107
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FE8SMLAMELEUTHMERS BRTRE (2024 KEAYEEI2RIBETVI(Y)

= AIN £/L%5 2 AlGaN/GaN 7 2 7 LS — b+ HENT O ESR A%
Electrical Characteristics of a High AIN Mole Fraction AlGaN/GaN Dual-Gate HEMT
BKRBRET!, HKEKREH?2 BEX?

© 2024%F ISRYMEZ S

ORME M= B XE' #$ua BXH' #8 £H3 AR FV
Nagoya Univ.!, Nagoya Univ. IMaSS?, Kumamoto Univ.3
°Yuji Ando ', Hidemasa Takahashi !, Ryutaro Makisako !, Akio Wakejima 3, Jun Suda '

E-mail: y-ando @nuee.nagoya-u.ac.jp

Beyond 5G/6G {5 > A7 LA THIH 415 100-300 GHz
DT T~V BB SR IT 7 — FREEZEAE L Th &
EEEENHIEF TEX 5 GaN HEMT OPEREMENI M HIA £
ND, —HRIC, HEEHT SA A D KT B (fnax) (B
TEEE R OF G m N2 kD HiL5 25, GaN HEMT @D
Fnax IZAFZEBHFESLTH 600 GHz F2EELL FICIR BN D, Frx
IZ GaN HEMT DT 7~V HCOREERE 2 ) B3 5 7=
W, T 2T T — MDOIEERFTL TV D[], AN,
AlGaN/GaN DG-HEMT O % 7¢ % @mtEfe{fb 2 B4 L C
AlGaN NV T g D& AIN BRI E K - 7=,

FORL ZRNEITIT 4 A TR SIC R B
MOVPE 12 £ ¥V AlGaN/GaN ~7 o & & i L= v ¥
Xy VR AW, T EEIE L LTI AlGaN N 7 E
D AIN E/VGE x 5022, JBJE 125 17.5 nm OFERMEE A
L x=034r=11.5 nm OF AIN TV HKHEEB & V72 (K
1), BN, & A EHEEB OV 77— FNSG)FE T (Le
=0.19 um)DEBERWIFEZ g L7z, #%1E B TiIE A &
HARTHRR VA VB Inax ERKRIBARZ T XA
gmax 311 B UL & AIN /L4340 K 2 EiBEEN§E /1A k-
ERERLT2(F D, 7SV A LV ITE(A B VARG V=15V,
Veg=-5V, 7YLAME : 10 us, 7S/VAJEH] : 10 ms) DGR,
FEA PN VRKRFHIHRTTHA N VARFD LK FERETER LT
Wi 7 7 AE LG A O 8-30%2%f L CHE B Tl
59% &L ETHZ LR EINT(M 2), KRIZ, HEiEB & H
WTERLL 72 DG F1(Lgt = 75 nm)DFEXIIRE 2 371 L
720 DG FA D Inax 1T5 2 77— NEJE Voo O X 0 17
EL72(X3), Ve 232V BLE T ooy D3 EAFME 1 278 L
=R =7 BROWARLIEZ LD, Ve =2 VIZEEL
T § /37 A—FH7E0.4-26.5 GHz) & 1T > 1=, [hat|? DIMFIC
&0 Kb - EHAASUERT A 2 (fr) 1% 74 GHz, Mason’s U O
SFH B RO T2 fnax 13 248 GHz Td> - 72(IK 4), LL_E D5 5
I, AIGaN NV 7B D E AIN E/L55REA AlGaN/GaN
DG-HEMT OERER) EICAZ THDHZ LR L TN D,

T RN A TRMETEE £ LT AR (B4
R KT, YR LI L £ 9, ABFZEIE NICT [Beyond
5G AFZEBRS et OB AZ T -0 TH 5D,

(112 MM, 2024 4F G B SR Z AN T 2 24p-52A-15.

Table I. Typical DC characteristics of fabricated SG-HEMTs.

Device X t(mm) Vin(V) Imax (A/mm)  gmax (S/mm)
A 022 175 2.1 1.1 0.37
B 034 115 2.4 1.4 0.45

100000000-019

Source

1st Gate 2nd Gate
Lgs o Lip , Lgg, SN
H 1 1 1

UID GaN

Drain

UID Al,Ga;_,N

[| _tioml ||

””””””” STy ALz ooes

UID GaN channel

Fe or C-doped GaN buffer

S.I. SiC substrate

T
Nucleation layer

Lyp=

Fig. 1. Schematic of the DG-HEMT

Lgy +0.1um, Lip=15um, Lo =Lyg=0.7 um

structure.
20 -
3 Single gate (structure B)
£16 [Vdg=15V, Vgg=-5V Vgs=+2V
< e T
£ 12 """""""“"—ig’;
Eos8 | f
° =1V
s 04 ‘_'A__,‘___,A.._d----——-———_n772—;;
o0

Fig. 2. DC (solid) and pulsed (dotted)

0 2 < 6 8 10
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© o o = =
o W o © N O
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Fig. 3. Transfer characteristics of a
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=41V
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4 3 2 - 0 1 2
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GaN/AlGaN/GaN & T )L AT OEEDHEE PND #B:EICH TS
TN T BROTER
Confirmation of avalanche brakdown in a vertical PND structure with
GaN/AlGaN/GaN double heterostructure
ZRBEL !, AKIMaSS?, FRXKD V42—, BAXEEHER*
Om1y/pAKR B, FEE ER? ik K3, BAd H2z? #HH
AH Fx 24 XEF &2

Nagoya Univ.!, IMaSS Nagoya Univ.2, D center Nagoya Univ.’, IAR Nagoya Univ.*
Eito Kokubo', Hirotaka Watanabe?, Manato Deki’, Atsushi Tanaka?, Shugo Nitta?,

Yoshio Honda?3*, Hiroshi Amano?3*
E-mail: kokubo.eito.k3@s.mail.nagoya-u.ac.jp

[75 5] GaN/AIGaN/GaN % 7 /L~F oA 044 S {21 2 otk Anode
FH AL 2WTTIEILH ZNFAET B 2 L 215 L, PSIFET[1]72 £ D R
mﬁg—f‘/w ZZHIA &R TV, PSI FET OMEZA E&E57-01C 2 G S

u-GaN 40nm

| ERBRIE T 5 5 7 LT ORI 2 D = LV E || @edeeceoo.

g‘ﬂ% AHFFETIL PST FET OMARRBREE B 5SS T D72 D 0 R e
4L LT, GaN/AIGaN/GaN & 7' )L ~7 v it i 2 7= Mt & A 4

n GaN 350nm
— REERL, ZOBEREEICOVTHROCHET 5. Ng:1e18cm
[EBN%] GaN/AIGaN/GaN & 7 /L~F a4 4 2. 7= pn & A 4 — n* GaN Substrate
R OiE % Fig. 1 lIZRT. 7 23 Affi& X MOVPE %% VT n 2 GaN Catﬁ.'nde
HAM EICHE L7z, ICP-RIE (2 X 0 E X VHEDEK 21TV, A Y
LIS p B GaN ~F— 3 v 2 T LT NitAu, SR n 5 | Dpasesuetureof

GaN ~DA—3 v 7 &ML LT Al 25 L, iz ALOs 12X 107
RS D 2 L TF AL AMEAEET L |
[#55] Fig. 2 1241 4 — RFOMHMBRBEREL R LUAE Lo
LT AR, 4 A A — R OMRBEAE I 170V TBET,  §,04
r
r

IMERRR PG O Nz, £, = vy a VBB TOBILEZ1T- 107

tﬁ% AP RIS, A ARBCER ool L LTI

DEJ—TH o> TND T L DR S Tz, Ml BT DR KA Voltage (V)

PE% Fig. 317 . BB TR I L CRIBIC A LTk Fig. 2 Repeat reverse I-V

0, FOEMERIIT 0=2.6x104 K Tho7o. ZIIERMY F— characteristics

2 % F\ = GaN PND (a=6.0x10* K-)[2] & RFEEFEDETH 0, ERLL o Vepe 17074 (1+a (T-27315)

oA F— RORERERE S T AT v v 2 B RTH D Z LR '

iz, T b ORI, PST FET ONRHED S ECHEMEERR O FE %m' 0,,0"’)&"

HIZOR N 5. - 6,—"’/‘;’:2.5)(10" K -

[ %2 0ik) [1]H. Kawai, ef al., Phys. Status Solidi A 214, No. 8, 1600834 |.--~ '
(2017) [2] 1. C. Kizilyalli, et al., IEEE Trans. Electron Devices 62,414- 0 20 4'gem:§rami0(,c)160 120
422(2015) Fig. 3 Temperature depen-

(RE] BRI, [ESEBFEIISE M ARSI REER (ST) JemiEpsermprge  dence of breakdown voltage
SR (ASPIRE), JPMIJAP2311 K UVRHIFEE JP22H00213 D3tk 72b D TH 5.
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AlGaN/GaN NTORETO X v |) 7HEEE & RS f

Correlation between the carrier transport and defect distribution of AIGaN/GaN heterostructure
MMEE ', PEAXI 2 OAKRER'. SHERE'. PHHR2 MHESL"
NIMS', Chubu Univ.2OM. Sumiya', Y. Imanaka’, Y. Nakano?, and K. Takehana'
E-mail: SUMIYA.Masatomo@nims.go.jp

[XU®IZ]Fe % 1% GaN F¥ R/LE7 0.4 pm L3 TH HEMT LT3 I28ifE 35 AlGaN/GaN ~7
A IEAERLL72[1], HEMT O & E AL & icmd <, ~7 e mic gk sz 2DEG DX v
TSR AR T A LIIEE CTHDH, A El, AlGaN/GaN ~7 a2 MRE AIN JE 24 A L7,
AlGaN [EEERE Al RLERZHIFEL 70 Uiz ~T et D 2DEG v U 7 it frrE A IR S I E 12 Lo
Tl Tz, iz, [Fl—3 082 8 5 L2 859 Y1k (Steady-state photocapacitance spectroscopy: SSPC) TaF
fliL T, 2DEG % &L GaN T ¥ R/LJN TOX ¥ 7 N R FEHERL Lk RetE L OFEBAZ R 5 L 72D T
HT D,

[3EBR]AIGaN/GaN ~7T i 13V 7 74 7 H = AIN 727 L—h £l MOCVD TR L7z, GaN &
¥ RVEE 1RJE TR L7212 200 Torr (2J8+ L C AlGaN FEEE & 2 [7] U AR IR CRllR L7z, AIN &
IV BRIIMAE T D TMA O EZHIEIT 528 T 4~25 % TE(LSE 7, AIN JE% AlGaN & GaN Otz
AT L5611 AlGaN [REEJEZ KR T HEANC TMA O A EMTRHEITL TR L2,
AlGaN/GaN ~7 uEiE a0 (0002)1Ti2 0 XRD [Blffi /"4 —2 %32l —3a 9524 T AlGaN [E
BEJB D AIN B3 R0ME BLOYAIN JBIEZ KO, K9 2 X5 mm? (ZGIWF L7 BHZ A — Vil E H
AL T 1.8 K 1D 15 T O5fifgE5H CTREKIEIU(R ) EAR— MRHU(R) Z R L 72, AR—/VHIlE
THFA LD OFK) 5 X 10 mm? DFREFCT SSPC HIEE,T 72,

(%%1A10,24G30,76N (23nm)/GaN (0.93 um)ﬁﬁﬁl AIN E%ﬁ 0.6 nm Tﬁj\bfl%@&bfib \Aﬁ“ﬂj‘%%%ﬁi
BL77, GaN(1012)2 27— 7 gL 248, 220 arcsec &b FHINZIIE RIZED T v RIVIE DT
&IV T, AlGaN FEEEREZ 2 X2 um A O T AFM BHIL7- L Z AR S RMS fEIXEh 21

0.26. 0.40 nm. B> M 5X 108, 6 X 108 cm™ i &1 FIF 7] 45 3.8 [P
DERIGRE LT, 2 SOREE R RREERIE L& 56l® . -
ZA, BT 2DEG Nyvar =37 R eon—A(SdH)HREN A ] a5k e .
HISHBTRE BAF R R ClhoTo, Ru & Ry DK MMNDRD S 20 Y -
BB T NE R 27,000, 17,000 cm¥Vsee, RO 3 15 : \-
T SdH fRBh& 7 =Y AL TROTF v U TR 9.5X LAY o N\
1012, 8.6 X102 cm? TH-7=, [M1IZ AlGaN/GaN ~7 1k 0578 ¢ i
FEBUEID SSPC A~IIVERT, AIN A2 5—faniang 0

£ (Fig.1(a)) . 0.8 eV, 2.2~3.0eV, 3.3 eV fHTIZ A EEAL P L

DHMBSABI, TNER A, B, C ELTRWAMHOMTE  osk |, (¥icH
BT, FHT AIN FRAJEZ2OEAITIE 08 eV (HE S o0at- Y TN
TACICy BRELI2S TS, ZIUMBEHIE FIZE<OR G o3f A
WeBE FEDEET BT LR TS, — 7, AN HAEA D 021 i/
BEAITIE 0.8 eV (HEDE B3 IZ 2MICHD LT 0.1y /2o
(Fig. 1(b)) s ZAUTMGEFH LD 0.8 eV AT ~DE TR TR
BB R, [GEEE IR BEN D EELNW LA R Incident photon energy (eV)

i N A - S
EE %0?71&) I= AN Tﬁ]\% MODHTEN %@JEZI)) BN Fig.1 SSPC  spectra for AlGaN/GaN
7B 2D, heterostructure (a) without AIN and (b) with AIN

[1] M. Sumiya et al., JJAP 62, 085501 (2023). interlayer measured at various bias voltages.
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AlGaN/GaN ZRTBEFHRICEITS FY 7 MEE-BREFEORERFL
Temperature Dependence of Drift Velocity of 2DEG in AIGaN/GaN Heterostructure
CEARMAN | ARFE’, SHAE KLURI=’, hEE’ WEkRh !

RERAZE' ERESIEKAH’

Y. Wakamoto', T. Kawahara?, S. Yoshida’, K. Makiyama?®, K. Nakata’, T. Maeda'

Univ. of Tokyo, EEIS', Sumitomo Electric Industries, Ltd.

E-mail: wakamoto@wbg.t.u-tokyo.ac.jp

GaNHEMT OE5 U > 7B\ T, “IRILE T H AQDEG)D X v U T gk fetEi x4 5 IEME 72
BENEECTHD. ZNETIZHEAIL, n-GaN 2 ¥ 7 Mgk viknwa v %7 N2 BF 35
Transfer Length Method (TLM)/ N % — > ZTER L, H OO ZELZPERT D720V A LV JIE %
TV 2DEG @ KU 7 N HEE DR RHMN 2 2 P12 T3 L CE72[1]. AW ClE, FfEZ HW
T25K 15 573K OIEIAWEFIZBW T RY 7 MEEORERMEZFHME L -0 THET .

HefaixE SiC FEAR 12 AlGaN (15 nm)/GaN ~7 1 $#25 % A %48 S R IE(MOVPE)IZ L W %
£ L7z, AlGaN Jgd Al fHELIE 20% & 30% 0 2 A HE L7z, AlGaN J@FrREDT-HD KT 4 =
v F L T E{To7=DH, MOVPE (2L - T n*-GaN =2 % 7 FEABIRERE L7Z. T D% Ti/Au
A EB 7835 L7=. TLM JIE 217V, R AR EHTIEIE I ZAK VM 0.4-0.6 Qmm) Td > 7. Hall
ZhEIEIZ LV 2DEG #EEE(AL 20%: 8.1 X 10" ecm?, Al 30%: 1.3 X 10" cm?) & & W B EE (~1500
em?*/Vs) &2 4572, — MEHUT TLM JIE TR7IE & — 2 L TV D (AL 20%: 490 Q/sq., Al 30%: 320
Q/sq.). TLM #i&Elzxt L, /\°/w< IV RIEZ 25 K725 573 K O#iHTiTo72. lE LIcERELE
Wb ar g7 MR OEER FTEMIE L) X TEMRE NV 7 MEEAS. X 112 25K,
298,573 K 1B\ T15 f‘ozmt A120% COEE-FERFEA ST, a7 X v v T RICT Rk En
BonTRY, EOEHE é%%ﬁ FTWD. RE ERICONT, IKERICBWTEBEIENE L <
Y)ﬂw\bfwét TR, BEMMCBITL N 7 MNEELDTICHD LTS, X212 Al20%
(B> 7)) & A130% (FRICHT 5 2DEG Ofic Kk KU 7 b E OIRE A7 % /x4, 58I T 12T 2DEG
BREBEINZHEN R U 7 MEESHD L TWnD Z ERNHESNTER21,2], KR mETFTTHLE
DEFITED SR oT2, KRV 7 ME#EIX 25 K 725~250 K £ TIRHIZE—ETHY, Dk
O DREIETHD L TVnE, R THO— m@fﬁ «%%%b\fz T—HI ’%o“u\ﬁ%tﬁ“%’ﬁﬁ
;@,ﬁﬁ IZCTEL 74 v b, Z ORERFE Z 2DEG D= ER T TOETIRIEEk 57

BT I 1T 200 DED b ZNZ K DT 7 + / /ﬁﬁttﬂ#%&b‘ IEERLTWS EBxbND.
B Kﬁ%@*%m, JSPS BHIFFE 22K20423, 23K13362 35 L AR FVE AT & A FHARILM R, AMEEA
ARFHHA OB E 5T CTEMINE Lz, £, AFRO—EOT A ZERLL, SCHRSEE T 77 /av—
7Ty N7 4 — AFEFEIPMXPI223UTI84) DA 5217 T, AR KFE HAERM A —/ 33— 27 U — b — A
THAIZB N THEMmINE L.

BSEXER [1] #A i, 5571 FUSHWE, 24p-52A-11 (2024). [2] S. Bajaj et al., APL 107, 153504 (2015).
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Fig. 1. Velocity-field characteristics of 2DEG in  Fig. 2. Temperature dependence of max drift

Alp2Gao sN/GaN with various gap lengths in the range  velocity in AIGaN/GaN at different 2DEG sheet

from 25 K to 573 K. densities. Dashed lines show the calculated
values based on an empirical formula.
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ScAIN JESRD DB RERIZH TS Sc HiRS LU FHROFZEICRE T 5B AR5

Effects of Sc composition and lattice constraint on polarization switching of

ScAIN alloys
ZEKRRT, ORWTF, XA ARER
Mie Univ., cToru Akiyama, Takuto Miyamoto, Takahiro Kawamura
E-mail: akiyama@phen.mie-u.ac.jp

[IZC®IT] ScAIN (FHr7=2s@iB B e L TIEE 28O T 5, ScoasAlosiN IZB W TEVE
AR NS SHU1]. BWFEEEZ R T ZE RSN TWAH2], —F. BEENEIE (DFT) 35T
1%, ScAlLNIZI T 2 Scklilix=0.67ToHR 7 L 8 (WZ) #iE0 5 BEIREE~D LN Z v |
HRESBPIER IO T2 ERHEINTWDH[B], DAL T 72OV T,
Krishnamoorthy © 7% R A A » Z K] & 3 2 Wk SOIRFRRE X 0 b —ER A W ORI X 2 FERE S K
WCRELRDZEEBBELTCVDM4], L LA D, SCAINDIEGFAENMEICE LIF T Schlpki L
FERDOBFHRDOEEICE L TUIARHRENZ N, ZHETICH 4 13, BFHENAWZ #iEo%
ECIZH G T 5 2 2B BT LIZ[5-6], AL TiX, DFT FHHEICH & S0 TSe ik & 4% 1)
RN DR ICB LIET B LM 5,

NSRRI N~ DR EH D LUk ) |5 S

)L ¥ —[#EE 2 Nudged Elastic Band (NEB) 5% H go.zo - Scz:jzAlz:le\/l,""'__'\

WAL B, £ s x n
R L UEE] Fig L THRORVES 3 . .

TOSc, AlLNEIZB T 5 0K EEd B0 = S010F 4 ).

FAR—IB LS o TERLE g |/ PR
LOTHY . Fig l@icB sl ez OO/ T T

A L ONBIETO= ) A F— 2R L ol T T vgeed]

T %, Fig. 1(a))> b 3 B SR D = R )L & — [k 0 2 4 6 8 10

Displacement
IEScHlEk & & HICHD L, x=0420845150.027 (D)
p

eViatom &L /NS b Z ENbd, Ll
BB, x=0.5TIIWZIEEITHELZ EME L LTH
IS, EARPEORBIEENZE L 0D, —
5. AN BEV GaN O BRI KA ZES 2
&, ZRVF—[ERE (%70.33 eV/atom) (FHE KT
2 HOD. 220512 THWZ D LIEMIES Fig. 1 (a) Energy variations of as a function of
£ 72 %, AN L UGaND ifi I 1 EETScAIN displacement of atoms from positive (metal polar) to
DIEFEB LV /NS WD, TR)LF—[ERED  npegative (N polar) polarity in strain-free SCAIN
BERIZEMERICERT A2 ENHS, £~  alloys, and (b) side views of structural change for
T SRRSOV T IR R B 51 2 55 74 Sco.42Alp 53N obtained by the NEB calculations. Blue,
HOPBIKRE | BIEERCE D ZHRLF— ;’I‘l‘gpll\fajfisgrraeysﬂjzl;“ side views denote Al Sc.
PEBEZ R S5 2 & b HIFFCE 5,

[Z%Z3C#R] [1] M. Akiyama et al., Adv. Mater. 21, 593 (2009). [2] S. Fischer et al., J. Appl. Phys. 125,
114103 (2019). [3] K. Furuta et al., J. Appl. Phys. 130, 024104 (2021). [4] A. Krishnamoorthy et al.,
Nanotechnology 32, 49LT02 (2021). [S]'= Afth, Z571 RS H W2 F 7S, 25a-P03-11
(2024). [6] T. Miyamoto et al., Extended Abstract of the 2023 International Conference on Solid State
Devices and Materials, Himeji, 2024.
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I E# ¥4Il SCAIN/AIGaN/GaN AT A& D 1E 5
Epitaxial growth of SCAIN/AIGaN/GaN heterostructures
B Y KEER Y FREE 2 BUURI= 2 REE?, RTEw S RS
Tokyo Univ. of Science !, Sumitomo Electric Industries 2, The Univ. of Tokyo®

E-mail: 8224518@ed.tus.ac.jp

SCAIN L GaN & DOFE RIS L, T RERBRBIWEEH L TWN5H728, GaN-HEMT
HoBENT- ) TREMEE LTHER SN TS, 51, IT4ETIiE, SCAIN O5fas &M 2 7% H
L7~ GaN-FeFET D BHFE 2N iFE KT 5, BIFE, MBE 15, MOCVD 15, 2/ 3y k72 Bz k %
SCAIN FEEDERIN AL BT WA D, iR & OPED B EMEIXSERITITMB S TR
W, D ARy HYEE, Sc & Al OFRRHIEIME DS B 2 6D, SCAIN FEED /ERUZE L TV D28, &
S 72 SCAIN/GaN ~T m i 2 = B % 3 v LR S8 SIS L Ty, ARAFZE T
1%, AlGaN/GaN HEMT [iZ A %y Z T ScAIN HlfE A = b° % oy LR S8, F DR S
P& BRI E DR 21T - 7,

MOCVD £ C/ESRL L 7= AlGaN/GaN/SiC J:# 12, ScAIN s A 8y X IETZE X F vy
IV W7, O Sc#EkIX Se, Al X —y RD ANy XEIEEZD L THIE LT,
YESL L 72 SCAIN/AIGaN/GaN/SiC ~7 v ffi& Offaatk & KT 7 + 12 Y —% XRD & AFM TiE
fliL, ScHLEkIX EDX IZ&» TRDz, ~7 atEiED B O EMAZ AL L, van der Pauw 75
2 & D AR — VB E CEAEHEORHME 21T - 72,

1 1Z ScxAl1xN/AIGaN/GaN/SiC @ XRD 20/lw A3 % OfEF: A 759, Sc #LELAS 5~20% D
PHC. ScAIN 0002 [EIFTRA 7 U > P& - THIT-, GaN <> AlGaN @ 0002 [FIHT & [FIAR I Z 8
EN=Z LD, UYL SCAIN(0001)AY AlGaN/GaN Lz =% F 3 v Ll L CTnb 2
LS D, FT2, ScHALDEENINIZLE - T SCAIN @ 0002 [El4f D v— 7 (i@ NMEA RIS 7 k
LTWAZ ERGND, X 2 IZRE 21 nm @ ScAIN 1015 Wikk 1~ » £ 7 % 759, ScoorAlo.esN
L GaN O QuEIE L —F L TWAHZ &b, ab—Lr MNEELTWAD 0%, AFM HlE
1T 72 & 2 A, SCAIN DR,

FRi% CEEH S RMS fEIC K& g " sic

REERbRT, TE s Fs TR 102 AN

YRSk > CRETEEE L "Re”

B Wz Enghot, £ Tl o 7% 10.0+

. AABMRMEORRND, g | ] o

AlGaN/GaN 1i” ScAIN Z=t's = . £ 98|

ForvRESEERETR Y 2 ={ g

—hEy U TEEREELTY  EF S s 9.6l

LT LMot //\JML _
T 94(1075), 21 nm

223 SR 32 34 36 38 34 36 38

1) P. Wang et al., Semicond. Sci. 26 (degree) - Q (.nm'1) -

Technol 38, 043002 (2023), Fig 1. XRD 20/e scan of "
2) A Kobayashi et al., Appl. Phys. SCAIN/AIGaN/GaN/SiC Fig. 2 RSM of
heterostructure Sco.07Alo.93sN/AIGaN/GaN/SiC

Express 17, 011002 (2024).
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