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Fabrication and Demonstration of Single-Layer Surface-Normal Modulator
using Organic Electro-Optic Material and Dimerized Metallic Grating
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Fig. 1 (a) Cross-sectional and (b) schematic view of the modulator. (¢) Photograph and a scanning electron microscopy image
of the fabricated chip. (d) Electric field profile of the resonance at 1546 nm. (e) Measured and simulated reflection spectra
under modulation (A=920 nm, d1=35 nm, d>=370 nm, 6=0.03) (f) Magnified spectra around 1407 nm.

HEE - AHTEO — AL, ENZHFFER FEIE A Bl S W FEpE O ZREaT 7t (#03601, #08801) 1 & V) ki <417z,
SECHR [1]Y. Kosugi et al., IEICE Electronics Express. 13, 1 (2016). [2] 1. Benea-Chelmus et al., Nat. Commun. 12, 5928
(2021). [3]J. Zhang et al., APL Photon., 8, 12, p. 121304 (2023). [4] H. Miyano et al., OECC/PSC, TuD3-2 (2022). [5] Z. Li
et al., Phys. Rev. B, 106, 125101 (2022). [6] W. Jin et al., J. Mater. Chem. C, 4, 3119-3124 (2016).
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Photoisomerization Chain in Photochromic Microcrystals Array
induced by Local Photoexcitation
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Fig.1 Scanning tunneling spectroscopy on locally phoisomerized photochromic microcrystals array.

[1]1Y. Arakawa, et al., Communications Materials 5, 23 (2024)
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Investigation of tunable quasi-BIC modes in magneto-photonic crystals
under external magnetic field
BEET' ®ERXimB' °8 BR' &FX B2 KA RK'
Keio Univ. !, RCAST, the Univ. of Tokyo.? ©Siyuan Gao!, Satoshi Iwamoto?, Yasutomo Ota!
Email: gaosy@keio.jp

Bound states in the continuum (BIC) have garnered significant attention in photonics due to their ability to confine
light without radiative losses [1]. Symmetry-protected BIC modes in photonic crystals (PhCs) are found at high
symmetric points in momentum space and collapsed down to quasi-BIC states after breaking certain symmetry in the
structure [2]. Such transitions to quasi-BIC modes can be induced by various types of perturbation to PhCs, such as
phase-change in the host material [3], electric current [4] and heat [5]. However, these approaches often accompany
large resonance frequency shifts, additional losses and slow response. An external stimulus that induces quasi-BIC
modes with less side effect and faster response will be promising for broad applications. In this correspondence, we
explore the influence of external magnetic field on a 2D magneto-PhC that supports BIC modes under zero magnetic
field. We found that the magnetic field turns some BIC modes to quasi-BIC modes and controls their Q factors.

Figure 1(a) shows the PhC structure investigated in this work, which is a square array of two-dimensional
photonic crystal with C4, symmetry, composed of a magneto-optical material. We numerically analyzed the structure
with FEM simulations. First, we identified BIC modes under zero magnetic field, as shown in Fig. 1(b). Mode A and
Mode B are BIC modes located at ' point, satisfying C4v symmetry. Mode C comprises two degenerate BIC modes
found at K point, oscillating orthogonally to each other, and each satisfying C,v symmetry. Applying magnetic field
along x axis (B, ) introduces non-zero off-diagonal components in the permittivity tensor of the MO material,
represented as & = [g,0,0;0,¢,ig; 0, —ig, €]. With B,, significant decreases of Q were observed for mode A and B
with C4y, symmetry as shown in Fig. 1(c). This phenomenon could be attributed to the magnetic field induced breaking
of spatial symmetry for the wavefunction of the BIC modes, leading to their coupling to free space continuum.
Notably, mode C remains unaffected by the in-plane magnetic field, presumably due to the nature of its wavefunction.
Note that none of the BIC modes was

transformed to quasi-BIC modes with magnetic | —A—Mode A

—6—Mode B

field along z direction. A more detailed
Mode C

discussion will be extended in the presentation.
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Overvig, et al., Phys. Rev. B 102, 035434 Figure 1. (a) Schematic of the investigated magneto-PhC. (b)
(2020). [3] M. Wuttig, et al., Nature Photonics Electric field (E.) distribution of the three BIC modes investigated.
11, 465476 (2017). [4] H. Zhang, et al., ACS (¢) O factors extracted from the eigenmode simulations, with
Photonics 6 (9), 2205-2212 (2019). [5] R. increasing off-diagonal component in the permittivity tensor,
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11801 (2014).
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Thickness dependence of thermally excited near fields on metal thin films
HXEH O BE, £ F8 RR En
Univ. Tokyo, Kuan-Ting Lin, Yinghui Liang, and Yusuke Kajihara

E-mail: kuanting@iis.u-tokyo.ac.jp

Reducing the size of electronic devices boosts the number of components on a chip, thereby improving
computing power and speed. According to theory, long-wave infrared (LWIR) electromagnetic (EM) waves,
with wavelengths of 10—25 um are generated by free electrons and extend up to about 100 nm on material
surfaces [1]. When the separation between materials, particularly metals, is less than 100 nm, LWIR
evanescent waves greatly enhance heat transfer. As metal thickness decreases below 20 nm, properties like
conductivity and dielectric function change. However, precisely measuring the intensity of these thermal
evanescent waves in such thin films is quite challenging. Our research investigates the correlation between
the intensity of thermal evanescent waves and the thickness of ultra-thin metal films using a passive LWIR
scattering-type scanning near-field optical microscope (s-SNOM) [2] and theoretical calculation.

Figure 1(a) illustrates the schematic view of the near-field detection, where a tungsten probe tip scatters
the thermal EM waves on the Au film, which are then collected by a confocal microscope of the LWIR s-
SNOM. Six different thicknesses of Au thin films (t = 6.5, 8.3, 11.7, 14.3, 19.3, and 50.0 nm) were prepared
using ion-beam sputtering on SiO; substrates. Fig. 1(b) displays the near-field signals for thicknesses of 50.0
and 8.3 nm, selected for demonstration purposes. Scanning was conducted by moving the tip across the
SiO,/Au boundaries at room temperature, with a scan speed of 1 s per 100 nm step. The detected near-field
signals on the Au films are attributed to EM evanescent waves induced by the thermal motion of conduction
electrons [3]. Averages of 60-point data were obtained from near-field signals on Au thin films of different
thicknesses, providing insights into the relationship between near-field intensity and film thickness (Fig. 1(c)).
Significantly decreased near-field signals are observed when the thickness is below 15 nm, with cracks
appearing in the thin films when the thickness is less than 11.7 nm, limiting the movement of conduction

electrons due to the crack structure. In this study, we present a theoretical model to match the experimental

results.
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Fig. 1 (a) Schematic view of the near-field detection on ultra-thin Au films deposited on a SiO; substrate.
(b) Near-field intensity profiles obtained from Au/SiO; samples. (c) Averages of 60-point near-field
intensity for various Au thicknesses.

Reference:

[1] K. Joulain, J.-P. Mulet, F. Marquier, R. Carminati, and J.-J. Greffet, Surf. Sci. Rep., 57, pp. 59-112 (2005)
[2] K. Lin et al., Rev. Sci. Instrum, 88, p013706 (2017).

[3] S. Komiyama, Journal of Applied Physics, 125, p010901 (2019)
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Partial erasure of nano-photoisomerization memory in photochromic crystals
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Fig. 1 (a) Saving nano-optical information and measurement with
scanning nano-field optical microscope (SNOM). (b) Results of
measurements. Left: Surface structure image by scanning
tunnelling microscopy (STM) . Right: Optical near-field intensity
image by SNOM. (c¢) Change in correlation coefficient of optical
near-field structure sizes in SNOM images before and after partial
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AGAGCAGACTTGAAACACTCTTTTTGTGGAATTTGCAAGTG
Lcwa, Hho L et s
TTTGTGATGTGTGCGTTCAACTCACAGAGTT
BRI BCY] %2 R & SEHFEHMEIL 7 Y — DNA (cfDNA) cfDNA 1Z#E25

A A Figure 1. Biopsy of practice-driven cfDNA. Left: Blood etc. was collected from
I X 2 B S marathon runners. Right: A specific DNA sequence was identified using a next-
generation sequencer [5], which was the target in this study.

BT, A xEmA

Ad RV H VAT LK o THOLRM 21T o 72, 2 OFEFR. 1 7 2 FEHITEER) ofDNA 25 1 i &
0 HDLE AW Y 531 2 Feii) B EREICEE L 72 [6], ChE T, ZOMETOH— DNA &
HUCEDN U 72001 % 2 13RI L Tude vy, Gl TR, X X RFANA A& v 2 H V72— ofDNA

Rt OFEIC O Wi~ %,
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SPR Sensor with Prism Placed on the Line Connecting Light Source and Detector
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1) IZRT 7 Ly F = VItiE % il o 7B B o 2 7° 7 € >~ HIE (Surface Plasmon Resonance:
SPR) (%, DNA ®% v 7 BHEDOERBK T T DXV FIL b Tw s, AKEIZEHED
REINL Y RLRE T L, 22 TSPRMAEL %, HIEAVEL 2 AS 6, 13, AFHEDH
E. 7V ZLDBRCHEITHE, SMROBIE ol E 2, i, A0 ORI E L TR
ZHET 503, ZOBEITIE, 0-20 DREEDOREOCATEIERE (=4 X —%) Bh¥iThs, L.
X 1(b) I T X ) IR E g 2SR i 7Y XARBEL ((TaY) = 7EE, & "S) SPR
DA TEIUL. ABA 0 =90° 2SHBEIICHE 72 41, HEO/NULREa 2 MUDSHRE E 72 5,
AWFZEIE, 2) = 7REOBESREEZ KD, 2L 2 2 L OEIEEHWE L,

9, 2V S PRBICE T AIBEAEZIHEL 2, M2 7Y RAMHEDREKTH 5, THA o
ZFREOMITE n O 77 XA LEHNIC 50nm JED S % 288 L G Ea 2 E e, AgHGIEa Y 2 —
FENT pARIEDHEETH D, KEPEIE R TR IS NG, 7Y A LDES % H,
K26 DXl DE S % h & LT, h/HZHE L7, 2L 1IRT, 2V = 7iETHIES
tEafE72 3 7oicid, 7Y RALDEIE I LT, HDELREA o BRRZ D35S, OF
2, HHDOEZ hZRDB E, n=15DPHITIZA/HIZ024THD, MDY X4 (B2 15
TH=1lemD 7V A1) ZHOBEICIZ, E—aFBo/NI a2 HLZITULER S TAMET
Hb, — N, n=20DEAITIFIA/HIZ073 L RKEL, BEROHBEREL £,

n=20, a=140° D7) XL%ZH\», §=90°TKELY /) —)ILORAREDEHTR L IR E
A DEARRZ EERIICTAR 7z, IRAIC K D A, 2L L7z, JEITREL XY 1000nm/RIU TH - 72,
COMIREEE L TED, BT —E L TRIFICEEL Tw23 2 LD MERTE -,

-—H@ T
! n -
1

AuEiE
HEAK

M2 7V R LHEDKFRE L Z/ST X —4

&l V=TEEBE®HT Y XLOEHE
CIEAa. KBOSSWH, HBERRAL

n a (deg) WH A (nm)

1.5 90 0.24 630
1 (a)—MDSPRAFFHR (b)HKIRE 2.0 140 0.73 610
BRESAESNEHEICTY X LA2EEE 25 150 0.83 580

L7SPREZ%R(2 Y = TEE)
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RIFZIARMEX 2T T U 7ILZ AW A I QKRB
Microwave Frequency Conversion using Time-varying Magnetic Metamaterials
RbKEHEE |, EARETL?, RILAZTH?, RiLK CSIS?, RILAPRHE
CREMBz!, Fith A2, MK R, XKFHES, EHHE'S
IEHE, Tohoku Univ.!, Akita Univ.2, IMRAM, Tohoku Univ.?, CSIS, Tohoku Univ.*,
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BRI REEPRENED K 5 ITHER (o) RBEME (v 2 Z2HINCHIET 2 X 2 <7V 7N
LT, &% u 2RI CHIE T 2 MZEHRX <7V 7ADBELEED TNV D, REHZETHX X<
T TILTIE, e u OEFEIR T A BRI ORBEBIER SN S, AIHSORANICBNT e
EHIET 2EROFRISH LT, v4 7 0BV Tu ZRHEEHAT2 2 2 WA RELT
W3 2], G, (R L EBEE SR S —~ 1 4 (FeyNig) 7° HHEAK X 1 2 RERIZEFRRIE X &2 <
TV TNERWT, ¥4 7 0RO BB Z BB L 70 TlE T %,

Fig. 1(@) ICA R R Y Y IR 7+ VU Y 75 7 4 —CER L7z u REZEX X~ 7V 71D
HAETEMER R % R T, Fig. 1(b) 1% () DIEAKTH %, TIIEF =7V a Y EMICEX 200 nm D
& (Au) TIATRUR ZFR T 5, KICHEATRUS 2 8
5 & 91Z, EX200nm DA T R (Si0,) & S .
Z Dz, MATHRES & BEE 725 AN WA TR A ARG
(CPW) ZJE X 200 nm @ Au CTE#S % (Fig.1(a)(b)
DIRETEED . RIRIZE X 250 nm D FeyoNigy %
ITHRREE & CPW D372 T 2 HEIC IR % (Fig.1(b) -
DFRETEI)

BT 26.7 mT OIS & —x A ANCEINS
%, 40GHz D~ A 7 aili&Eiiiz CPW IZ{iil, &
R NF LT F T AP THH L 7% Fig. 1(c)
DFRFR TR T, CPW IR L 7215553 4.0 GHz IZ A
bNbd, TIT, MWATHRIRIC fimoa=10 MHz DR
B2 L 2OBEBRZ () DHEMR TS, 4.0
GHz+10 MHz ICZHE AR 5N T WS, 7 finod © %00
2% 15 MHz, 20 MHz D354 b 76 L BHTRT & 008

Moderation

/"~ silicon * wave

Modulation frequency
——wj/o modulation |
—10 MHz

—15 MHz

512, 4.0 GHzt fod CEHBEAFONTV S, = 8 w1
; g 5 -6
ORBHAIE, B SRET B x Ao 5

-62.0

fnod DRIMTINVZ T v RIEGIZ X - T, FeyNigg D
u DRI N7 e BEZ 55,

ARFZEIX IST-CREST(JPMICR 2102) 12 & » T
BINTV3, FHILKROSHRFHBIR & DB
IS 5, [11Y. Zhou et al., Nat. Commun. 11,
1 (2020). [2] T. Kodama et al., PRAppl. 19, 044080
(2023), PRB. 109, 214419 (2024)

-62.5

1 1 1 1 1
3.98 3.99 4.00 4.01 4.02

Frequency (GHz)

Fig 1: (a) Sample and (b) enlarged photo-
graph. (c) Transmission spectra with various

modulation frequencies.
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Background Suppressed IR Spectroscopy of Gas Molecules

using Double Cylinder Metamaterial Absorber.
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1LAFREE R - BB

PIRIZH R T DB & D~ — I — 1 % I
KHENLEBEICHRE Lz EWn ) BFRRH
B NGRS AR E AT A0, B
NIRFED 1 DOTH DN, HAPOER S5+ D
wEND e RN ENEL 2o T,
LOEENYE ) A AL THL o T &
JRIE 7 RHENIREETH D E VI FER D S,

Fxlx, ZOREZRRT D702, FFED
BE ORI Z RINVZRINT DA X ~T Y
TNEFEH LT R REREZMH L TE >
Xyt (S/B) & D HiEERE L1Z[1].

ZDOFETIE, BWFHEREL 2 O &8 T
/72 Metal-Insulator-Metal( MIM)  #§1& 7> 5 72 %
SR ZFIHT 5. Z OREEITREEDORE D
IR WIS 2 23, &8 &M O BRI
IS FREET D L, MIM & L 51 & odk
WEAH BAEAIC & o T i E & 0 KEHE R
WET D, ZOKEYEIE MIM #1312 X > T
il SN BENICBIN D DT, S/B Lk
5.

AR TIEZ O MIM G L LT, #-ic4
fOFEE 2 BV X —THREIND A X~
T U TR ZERLL, Z e W T A
AT R IVORIEZEIT-T-.

2HFFEFE - ERFER

2 w U X —MIM ML, v A7 L
AR, B RINBGRAELEE | FOGTEA A
vy F U RS R G CERIL7C, ERL
ToREE O EERE BB B (Scanning
Electron Microscope; SEM) % [X] 1 (2777

1 : (a) Schematic (b) Oblique SEM image
(c) Cross-sectional SEM image.

PERL L 7= (Al 2 >V v 4 —MIM #iE DX
SRR bR T — U IR B
BEEHONTHIEL (K2). ZORBRNLIE
2.5~6.0 pm OFEILIZ MIM R 12 X 5 R4k
WS R R T T2

(=2
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S
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w
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p) 3 4 5 6
Wavelength (um)

2 : Reflectance spectrum of MIM structure.

ZORE 2 EYU X MM =T 7 AT
ETO— LI EARNICEY L, BAIZFE
NENEHEH A, THHA, ZFBLIREH A
AL T, EDALT ML ERIE LTRSS
3ThHD.
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3 : Reflection spectra of the double cylinder
metamaterial absorber with gases.

3OMEFRRELY 72 (RINE —7 K
3.4um) & T bIRFE (WRILE— 27 & 4.2 um)
IZBWT, ENEND0FHEDIERT%Z MIM
15 THIH S 72 2o IR ISR T
HZENTE - K413 "W bR E % EER L
SHRNLHE LR TH S, W R
\ZHND 50 T1E 5 DOFREIIT A5 T DIREC
BRICAIRE LT,

%
o

— C02=0%
— €02=10%

€02=20%
— CO2=30%
— C02=40%
— C02=50%

42 43
Wavelength (um)

=
v

S
e

B

Q
=
S

w
wu
w

Signal Strength

Reflectance (%)

Approximation line
20 40
concentration (%)

4 : CO: signals and its relationship to the
concentrations.
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[1] D. S. Su, D.P. Tsai, T. J. Yen, T. Tanaka, ACS
Sensors, 4(11), 2900-2907, (2019).
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Independent modulation of phase, intensity, and polarization

by double-phase dielectric metasurface
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AZY =T 2 X LT RIS TR A A0S (A X7 o) ZESIT DS 2 LITd o T,
SEONAR, AL, R 2 22T GRIEAHR) 3252 LA TE D IRITEMRNER T TH D,
T, AZH—T 2 AF, AZ VX EDIEMEZLU - TH AT 72 Eoe i 2w aib, 8 A

N2 ESELARENEDN DD E LTERREE > T D,

AWFIEDOX G TH 5 WA HF Y —7 = AL, ATLTHIRES N TV A X —T7 = R b

SR
i

AT, EDOHEERANNSNENI LI RT AT v MEIHDHOD, FHAZR T AR L
WH AUy MZE VAR SN TWS, ZOSBOSITIE TIX, AFE. 8., fRtDH b

PEFR & REE, NAH SR & W o7 2 DEAMSIICER T HHF5EIL S
SAFET DM, 3 BHROATEMNACERT H2MRITIZEALERD
nguy, £ 2T, Fex TZEMMARZEHRE (SLM) 2 W7 o2
BRI TT74—RETHHENG T TNT = A ADEZ T HIY
AND Z LT NAE, REE, RGO 3 BT 2 ML AT AT RE 7R h
BIRA XY —T7 = A%EBRLL[1], SEIL, 2FEOA X T K L)
DR END AZ I —T 2 AN, SIM IZBITFDHX TN T A Xk
LT LI RDDITHONWT EMSG Y X 2 b— 3 VT K DEE

Ein

itom2 itom1

atom1 atom2

E

out

fig. 1 Diagram of the double-phase
metasurface simulated in this study

[T B, fth, 55 68 [l B2 B2 A 22, 19p-Z08-10 (2021).
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fig. 2 Simulation results of double-phase metasurface. The left panel shows a plane view of the
Poincaré sphere. The right panel shows normalized intensity in radial and phase in declination.
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