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Radiation cooling packaging materials using metamaterial technology
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Fig. 1. Schematic image of the packaging materials that promote
radiation cooling.
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Fig. 2. Calculated wavelength dependence of transmission
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[1] Y. Zhai et al. "Scalable-manufactured randomized glass-polymer hybrid
metamaterial for daytime radiative cooling." Science 355, 1062-1066
(2017).

[2] T. Li et al. "A radiative cooling structural material." Science 364, 760-
763 (2019).
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Construction of sub-cooling of vapor compression refrigeration cycle
by using radiative sky cooling materials
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Fig. 1 Pressure-enthalpy chart of a Fig. 2 A) A passive radiative cooling panel,
vapor compression refrigeration cycle. B) thermographic image of the panel.
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Fig. 1 (a) Schematic of experimental system. (b) Time dependence of temperatures inside the container with
thermoelectric devices loaded w/wo MA and their output voltages. (c) Comparison of the time up to 32.5°C and
output voltage generated on the devices w/wo MA.

[1] S. Katsumata, T. Tanaka*, W. Kubo*, Optics Express, 29, 16396 (2021).
[2] T. Asakura, T. Tanaka*, W. Kubo*, arXiv: Physics, 2204. 13235 (2022).
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Design of Optical Cavities to Enhance Photon Transport Efficiency in
Thermophotovoltaic Systems
Tohoku Univ. !, °Haolin Wang?, Makoto Shimizu?, Hiroo Yugami !

E-mail: wang.haolin.p2@dc.tohoku.ac.jp

[ Introduction] A thermophotovoltaic (TPV) system is a kind of power-generating system that converts thermal
energy into electrical energy via photons. The efficient conversion of heat to photons enables the possibility of
achieving an efficiency of over 50%. A typical TPV system comprises a heat source, an emitter, and TPV cells.
In practical applications, multiple TPV cells are often arrayed together due to the limitations of a single cell's
output voltage and power. However, it’s difficult to position the PV cell array too close to the emitter because of
configuration constraints and the high temperature of PV cells. In addition, at current, TPV cells are expensive.
To reduce costs, it is better to find ways to reduce the cell area. Also, the photon recycling can be achieved by
high-reflectance cells proposed recently ™ and well confined cavity. Therefore, the design of an optical cavity
that enables efficient photon transport from the emitter to the cells, ensuring effective photon recycling in the
TPV system, is of crucial importance.

[ Method] The analysis commenced by constructing a model comprising an emitter, an optical cavity, and PV
cells. Ray-trace simulations were conducted (TracePro, Lambda Research Corporation). The model incorporated
several assumptions: a blackbody emitter, ideal PV cells with a reflectance of zero for in-band and different
values for out-of-band to evaluate the different levels of photon recycling, and a constant reflectance for the
optical cavity wall. The evaluation focused on four factors: optical efficiency (the ratio of energy absorbed by the
PV cells to the energy emitted from the emitter), loss rate (the ratio of energy neither absorbed by the PV cells
nor reflected back to the emitter to the energy emitted from the emitter), area ratio (the ratio of the cell area to
the emitter area), and system efficiency (the ratio of the maximum output power generated by the PV cells, based
on the detailed balance model [@, to the net input power).

[Results & Discussion] In the ideal case with a cavity wall reflectance of 1, three different optical cavity
shapes were tested (Fig.(a)). It was found that the optical efficiencies of these shapes were nearly identical,
suggesting minimal influence of shape. For area ratios below one, the optical efficiency was proportional to the
area ratio, while for ratios above one, the efficiency remained close to one. To explore a more realistic case with
non-unit cavity reflectance, various parameters were adjusted. Increasing the cavity reflectance resulted in higher
optical efficiency and reduced loss rate. Consequently, a cavity wall reflectance of 0.95 was selected since it
should be high and attainable. The optical efficiency and loss rate of the hexagon and cylinder emitter are almost
the same, and the cylinder emitter is preferred because it is easier to manufacture (Fig.(b)). The length of the PV
cell array was set to a sufficiently long value (normalized length of 20) to ensure that it no longer impacted the
optical efficiency and loss rate. Among the tested cavity shapes, the hexagon cavity exhibited the highest optical
efficiency and the lowest loss rate, making it the preferred choice.

The system efficiency was assessed for various area ratios and cell out-of-band reflectance (Rcer). In the ideal
case (Reavity wal=1), the system efficiency remained constant regardless of area ratio, indicating that the cell area
could be reduced without compromising system efficiency. However, in the practical scenario (Reaviy wan=0.95), a
decrease in the area ratio corresponded to a decrease in efficiency. An optimal area ratio of 1 was identified,
emphasizing that reducing cell area to save costs would inevitably result in a reduction in system efficiency.

T T T T T T T T T T T T T T
10+ » 4 0.65 - 4
A
09 | —=n— Straight g
0.60 - 4
—e—CPC
gosr o —a— Ellipse i oy " .
Xi
S Soss | exagol J
E07}F PV cell 4 =]
% 0.7 cel E
5 _/’F- S 050 | |
S06 f / 4 2
f \ 5
5 . \ \ le)
(¢] emitter |
05 j/ “‘E |\ . 045 - Cylinder 1
04r Straight CPC Ellipse b 0.40 - i
03 1 1 1 1 1 1 1 1 1 1 1 1 1 1
02 04 06 08 10 12 14 16 18 20 22 0.45 0.50 0.55 0.60 0.65 0.70
Area ratio Area ratio

Figure The optical efficiency obtained from ray-trace simulation under under varying area ratios for (a) three different optical cavity shapes
and (b) different cavity wall reflectance, along with two types of emitter shape.

[1] D. Fan, T. Burger et al., Nature, vol. 586, no. 7828, pp. 237-241, 2020. [2] W. Shockley and H. J. Queisser, Journal of Applied Physics,
vol. 32, no. 3, pp. 510-519, 1961.
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Investigation of a diamond chiral photonic waveguide
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Fig. 1. (a) Geometry of a diamond chiral waveguide. (b) I, VS. Wypeer and A, derived from FDTD
calculations. (c) Light propagation on the y = h,..;/2 plane of the optimized chiral waveguide.

SEIHE '1. M. Taylor, et al., Nat. Phys. 4, 810-816 (2008). L. T. Hall, et al., PNAS 107, 44, 18777-18782
(2010). ’E. Lee-Wong, et al., Nano Lett. 20, 5, 3284-3290 (2020). *J. R. Maze, et al., New J. Phys. 13, 025025
(2011). °1. Séllner, et al., Nat. Nanotech. 10, 775-778 (2015).

HiEE FIOFE(21K20428, 22H01525, 22K14289), HUERLAME, A HPIHRBL [ | 2R 7l f= 5L [

© 2023%F [SRYEES 100000000-204 Ccs.4


mailto:takada.kosuke.wu@tut.jp

23p-A309-6 HADS ML AKELHHAS AT HE (2023 BABA—LEN3RIS)

EX277 77 —REZRINA 7Y v FSi-Bi:YIG A Z ¥ —7 = A D&RE
Design of Hybrid Si-Bi:YIG Metasurfaces Exhibiting Giant Faraday Rotation
FRSesmb |, RART 2, BRERT S, hRIBtRBIEHEAT 4, o/ BIR 2, KERKS, x| RE Y,
H &1 A& #2; RCAST |, IIS 2, Univ. Tokyo, Keio Univ. 3, CIOMP, CAS 4, °S. Gao ', Y.
Ota 3, T. Liu 4, F. Tian !, and S. Iwamoto 2

Email: gaosy@iis.u-tokyo.ac.jp, ota@appi.keio.ac.jp

The utilization of magneto-optical (MO) effects offers a promising approach for creating nonreciprocal
optical instruments, such as Faraday isolators and circulators. Despite this, the MO effect in most bulk
materials is low especially within the optical range, posing significant challenges to the miniaturization of
MO devices. Recently, all-dielectric MO metasurfaces (MS) that increase Faraday rotation angle (65) while
maintaining high light transmission (T) in an electromagnetically induced transparency (EIT) scenario were
numerically demonstrated [1][2]. However, precise nanopatterning on garnet material is rather challenging,
in which the fabrication defects severely impact its optical performance [3]. A hybrid MO MS without
nanopattern in MO layer was demonstrated [4], while the 6 is insufficient for optical isolators (which
necessitate 8p~45"). In this study, we present a design of hybrid MS composed of Si and bismuth substitute
iron garnet (Bi:YIG) that immensely enhanced 6y at telecom wavelengths with submicron Bi:YIG thin film.

The all-dielectric MS is composed of square arrays of air holes perforated in 140 nm-thick Si slab on
bismuth substituted YIG (Bi:YIG) thin film embedded in SiO (Fig.1(a)). By deviating b from a (Fig.1(b)),
the high-Q guided mode resonance (GMR) was excited with vertical incidence and largely enhanced 6.
The high T was realized by spectrally and spatially overlapping the GMR with the low-Q dipole modes via
tunning hy,;. As a result, 8y = 45" and T = 65% were numerically demonstrated with a 513-nm-thick
Bi:YIG film, which is 800 times larger than that of plain Bi:YIG film with the same thickness. This photonic
structure largely streamlined the fabrication process, which could be realized on the MO thin film on insulator
(MOOI) substrate [5]. This design provided a viable route to numerous applications, such as ultrathin Faraday

rotators, high-sensitivity magnetic field sensors and free-space modulators.

(a) : L8 (b) OO ©

Lr g OO I

C.:. ......... 06 | —

i a i - =3

IhSi b ~ 420 &

. v . 04 | S}
Si IhY[G 4.
z yIG ( ) ( ) Wl 1.
; : a5 I
E 56 Sio 2 0.0 L L L 9
y ;"'E U . ll 1499.8 1499.9 1500.0 1500.1 1500.2

k y = Unitce Wavelength (nm)

Figure 1. (a) Illustration of Si-Bi: YIG metasurface and (b) the unitcell of the simulation model; (¢) Numerically simulated T and 6 with EIT condition
of a TE-like GMR overlapped with the ED-like modes (P = 880 nm, a = 325nm, b = 340 nm, hg; = 140 nm, hy;; = 513 nm).

References: [1]. A. Christofi, et al., Opt. Lett. 43, 1838 (2018); [2]. T. Kiel, et al., Opt. Lett. 46, 1720 (2021); [3] S. Gao, et al., Opt. Express
31, 13672 (2023); [4] S. Xia, et al., ACS Photonics 9, 1240 (2022); [5] Siyuan Gao, et al., 18p-P03-2, JSAP 2021 Spring meeting.
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Control of reflectance by utilizing quadrupole resonances and photothermal effect in
ellipsoidal silicon metasurface
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FUEYTERFERE A2 — hr 27 AT, Mie
HIRZ R L2 BBL R RIS e STV 5 [1],
Fx I IFERA XV — 7 = 2D FEERIA (Perfect
Absorber: PA)IZ L DB A2 W T AKIHEE
TENET 206 A1 v FOMRELED TE72[2], EX

DY T 5 7 (Electric Quadrupole: EQ) & fié & MU T it 1- Fig. 1 Schematic and SIM image of ellipsoidal silicon
(Magnetic Quadrupole: MQ) = I 2 HE R RS metasurface (4 = 100nm, D1 = 189nm, D> = 220nm
(Degenerate Critical Coupling: DCC)[3]%F]H L 7= PA and P = 265nm).
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AR MIVOBACZ FERE LT D THRET D,
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e ALY —7 =X (Fig. 1) 1T EK 400~700nm D 100
ZMEE NS L7256 OWINER AT L% Fig. 2(a) 80
TR, ¥R a2 b—a U RIIEM A 2 E O -
EBFERE DT 4 v T 4 T EFT> TV 5D, Fig. 2(b)
& (IR 450nm D Y23 NG U 7= KD EERES 3 AT % 0
GO
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AP —T 2 ADFFTR ALY FILRRFTIRBE T 5
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1K L= & 75§ﬁ7€ L %2 %ﬂéo /ﬁ\f"ﬁ\ CW [/__.]j:‘ [1] L. Tianji, et al., Nanophotonics, 9, 5, 1115 (2020).
‘—ﬁ[é ({ﬁﬁ 450nm> %EEE‘JL L. gﬂilﬁ,—%eé—jj% %*Um L [2] K. Nishida et al., Nanophotonics, 12, 1, 139 (2023).

f:ﬂ*@%ﬁé*ﬁ@}i%‘f%ﬁ@%%ﬁ 175 ?’H/ff »5 A [3] X. Ming, et al., Opt. Express, 25, 20, 24658 (2017).
[4] R. Xu, et al., Opt. Lett., 46, 15, 3596 (2021).

Fig. 2 (a) Absorption spectra of experiment and simulation.
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Fig. 3 Reflectance spectra at 7= 300K, 388K and 438K.
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bound states in the continuum on a magneto-optical thin film
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7 fheh &M GO BIC A —F A MEREOBRF L HED TWD, S, Ar—7 1 MIREE[2]
TERAC B 72N R ¥ v 7% 73 BIC S RS 2 A GTRIC L D R Lo THET 5,
R MEMEE L Fig. 1T, SiOy RICERE &7z YIG #HE (IRE 300 nm) o b2 JEHI)
ZEHEGUTE TR YA MBI TN D, ZZILOK 1 ESZa = 045 um, FRErE L,
LY A MEw = 1.62 um OB BHEE 12 56F U C X USRI B [EA ARSI 217> 72, r/al otk
BEKONY R¥ Y v 7ORE SAfOREFRE ZNENEREIC K > TRO = (Fig. 1(b), (¢)), r/a=
035128\ T/hafwily @
Hk843 dB/emE K x|
Ny F¥y v TA=

0.877 THz & Hiiz, =

D& E, TE-TM £ (©) 1
B L BRVZERDEE CiAw
23 FL 5 4 (Fig. 1(d)). BIC EE‘_ 5 "
KEOBMAHETE S0l . f~194 THz

0 L J
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v s ok 4 -
FEH I & BRHRR O BIR Figure.1 (a) Schematic of the investigated BIC slow light waveguide.
L. FEERozEMic-  (b) Computed propagation losses as a function of #/a. (¢) Computed

- bandgaps as a function of 7/a. (d) Field profile of the BIC mode designed
WIS BHRET 2, with r/a = 0.35.
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ICHET 2223 TE 2, 72, @ QfEomIXLERE— F2fioizo, &5 /KT X b bRz
DR AMERER W I EFE ORI TW B [3], AT, H—r VavF/ RFicon
TI2VEEL AR 7 P VERITV, ERIRE A IE T 5, R 2 I~ Sitee
— FIC X 2B REERIICHAS 10T 5,
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B KT ORER L BRI IS 5, Figure. 2 Raman spectra of a silicon wafer
[1] K. Setoura, et al, J. Phys. Chem. C, 116, (yellow) and silicon nanoparticles with diameters

15458-15466, (2012). of 188nm (red) and 225nm (blue).

[2] H. Sugimoto, et al., Adv. Opt. Mater, 8, 2000033, (2020).
[3] P. George, et al., Nano Lett. 17, 2945—2952, (2017)
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Proposal and Analysis of Surface-Normal Polarization-Independent Plasmonic Modulator
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Fig. 1. Schematic of proposed modulator.
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Fig. 2. (a) Unit cell (blue line). (b) Z-component of the electric
field at the resonance wavelength (red line in (a)).
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Fig. 3. Reflection spectrum shift when the refractive index of the

EO polymer is modulated by An.
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