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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,
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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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19a-A33-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

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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19a-A33-4 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

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)

© 2024%F ISRYMEZ S 100000000-157 Ccs4



19a-A33-6 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

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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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).
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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
IZ R VT EINT,
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