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XupanbHbin GaAs BONHOBOA, C axMpanbHbiMM INAS KBAHTOBbIMU TOYKaMMU:

doTontommHecueHuma KT MOXKeT cTaTb LMPKYAAPHO-NONAPU30BaHHOU

semaden K.Konishi et al., PRL 106, 057402 (2011)
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XupanbHblt GaAs BonHoBOA € INAS KBaHTOBbIMU TOYKaMMU:

ONTUMMU3NPOBAHHAA CTPYKTYPa, PACUYET
S. V. Lobanov et al. Opt. Lett. 40, 1528 (2015)
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ONTUMU3NPOBAHHbIN XMPanbHbi GaAS BONHOBOA, C INAS KBAHTOBbIMMU

TOYHKaMWU: SKCNepnmMeHT

S.V.Lobanov et al., PRB 92, 205309 (2015)
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ITasep uMpKynspHo-nonsapnu3oBaHHOIro nanydeHmnsa Ha ocHoBe AlGaAs

OpP3rroBCKMUX MMKPOPE30HATOPOB, ONTUYEecKasa Hakadka

A.A. Demenev et al. Appl. Phys. Lett. 109, 171106 (2016)
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ITasep uMpKynspHo-nonsapnu3oBaHHOIro nanydeHmnsa Ha ocHoBe AlGaAs

OParroBCKMX MMKPOPE30HATOPOB, aneKkTpudyeckas Haka4vka

A.A.Maksimov et al. Phys. Rev. Appl. 17, L021001 (2022)
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ITasep uMpKynspHo-nonsapnu3oBaHHOIro nanydeHmnsa Ha ocHoBe AlGaAs

OParroBCKMX MMKPOPE30HATOPOB, aneKkTpudyeckas Haka4vka

A.A.Maksimov et al. Phys. Rev. Appl. 17, L021001 (2022)
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NAAH IOKNALA

3. CBOMCTBA pe30HAHCHbIX 3KCUTOH-MONAPUTOHHbBIX MO/, B XMPAJIbHOM
MMKpope3oHaTope B6aM3n -TOUKM XMpanbHOro pOTOHHOIoO KpUcTania u nopor
Jla3epHON reHepaumm
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AlGaAs bp3rroBCKMmn mnukpopesoHaTop ¢ GaAs KBAHTOBbIMUM IMaMM U KUPaNbHOM

moaynaumen sepxHero 3epKkana: PESOHAHCHbBIE MOAbl

LCP mode RCP mode
hQO.=1542.95-0.12i meV h€2,=1542.95-0.12i meV
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AlGaAs bp3rroBCKMmn mnukpopesoHaTop ¢ GaAs KBAHTOBbIMUM IMaMM U KUPaNbHOM

moaynaumen sepxHero 3epKkana: PESOHAHCHbBIE MOAbl

LCP mode RCP mode
h(.=1542.95-0.12i meV h€,=1542.95-0.12i meV
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HapyweHune C4 cummeTtpumn

H.B.BaneHko v Op. lNucbma 8 KOT® 121, 876 (2025)

Bo3moXHble NPUYNHbI NTOHUKEHUA C4 CUMMMETPUN U CHATNA BbIPOKAEHUA ,£|,y6neTa:

 OTKnoHeHue dopmbl 06nacTn BO3OYKAEHMNA OT LMANHAPUYECKON (Hanpumep,
3NNNNTUYECKaARA)
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Frequency and width dispersion of resonant modes near the -point
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Dispersion of the Stokes parameter S3 and widths of resonant modes

near the -point

Stokes Parameter S3 Mode linewidth
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Dispersion of the Stokes parameter S1, S2 and S3
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NAAH IOKNALA

4. MynbTUCTabUNBbHOCTU B XMpPaNbHbIX MUKPOPE30HATOPaX NPUN PE30OHAHCHOM
OMNTUYECKOM HaKauKe

30 dTU-2026, 26/02/4226, C. . Tuxonees



IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe

O.A. Omutpuesa n op. KOT® 169, 181 (2026)
(0 — wc)ex = @gem’i + P+, (1): "MHeliHoe ypaBHeHWe MaKcBena B pe30HaHCHOM

NPNBINKEHNU

(a) — a)X)P:I: — Agi -+ FIP:I:IQP:E (2) HennHenHoe ypaBHeHMe pocca-lNnTaeBCcKoOro.
Ob6a ypaBHeHMA HanucaHbl B o* H6a3suce.

N.A.Gippius et al., PRL 98, 236401 (2007)

B n"MHEHOM peXXnume B3aMMHOCTb ypaBHeHMN MaKcBenna NpuBoamUT K BblpoXKaeHUo PaHo pe3oHaHCoB
MO CMMHY: Pe30HaHCHbIE YaCTOTbl W U @y, B TOM YNCAE X MHUMbIE HYAaCTW — LUMPUHbI PE30HAHCOB, — a

TaK»Ke KOHCTaHTbl cBA3n S un A HE BABUCAT oT 3HaKa umpKynapHon nonapusaunm [B. Hopkins et al., Laser
Photonics Rev. 10, 137 (2016)].

TOJ'IbKO, KOHCTAHTA CBA3U BHELWHENO nosid N NoNA BHYTPU PE€30HATOPA 3aBUNCUT OT 3HAKA LI,VIpKVIIFlpHOI?I
nonAaApusayunu.

B HennHenHom cny4dae (F#0) 3To NPUBOAUT K CHATUIO BbIPOXKAEHUA MEXKAY NEBO- N NPaBO-NOAAPU30BAHHbIMMU
cocToaHnamu!
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe

KybuyecKkoe ypaBHeHWE ANA 3aBUCUMOCTM aMNAUTYAbl BHELLHENO NOASA OT aMMNANTYAbl SKCUTOHHOW NoAApM3aLmn

Pi[(@ = o) (@ = ox — FIPLP) - 0] = Aozeus

NPUBOAMUT K XOPOLLIO M3BECTHOM S-06pa3HOCTN OTKIMKA NONAPUTOHOB HA MHTEHCUBHOCTb BHELLHEro Noas u
onTUYecKon buctabmabHOCTU

0.7 2 g g 0.8 T —w =1542.95 meV
| 1543
o | ik 154305 Bce BbluncieHna caenaHbl ans
05} : i
¥ _ B _ & Toad.] aKMpasbHOro MUKpPOPe3oHaTopa C
3 04} 3 . 1543.15
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_0.2-_30 ] — s e
—50 2 J ' cA a2 E W e
0.1} » , ' o — £ 2 3] e
oé Z 0 g . Io 8t F 3.5 W / C1
1542.6 1542.8 1543 1543.2 1543.4 0 50 100 150 200
Energy, meV I/

N.A.Gippius et al., EPL 67, 997 (2004)
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe

P+ [(CU —owc)(w—wxy — F |Pi|2) — QQR} = AogEext+
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IKCUTOH-NMONAPUTOHHAA MYAbTUCTAOUNBHOCTb B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe

P+ [(CU —owc)(w—wxy — F |Pi|2) — QER} = AogEext+
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OTCTpOIiKa OT pe30oHaHca PUKCUPOBAHA, MEHAETCA MHTEHCUBHOCTb HaKauyKu
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe
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IKCUTOH-NONAPUTOHHAA MYIbTUCTAOUNBHOCTb B KUPA/ZIbHOM NOAYNPOBOAHUKOBOM
MUKPOpEe30oHaTope NPU pe30HaHCHOM ONTUYECKOM HaKauKe
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MUKpOpe30oHaTope: CaMOCOrNacoBaHHbIN PaCYET

Bce npeapiayuime pesynbratbl OblIM BbIYMCNAEHDBI B MPUBAUIKEHUN «CPEeadHEro noasa», B KOTOPpoM 12 peanbHbIX KBAHTOBbIX
AM pPeanbHOro MMKpope3oHaTopa bbiaiM 3aMeHeHbl 0AHON «3PpPEKTUBHOM» KBAHTOBOM AMOM C YyCPEeAHEHHbIM MO BCEM IMaM
CPeAHUM 3NEKTPUYECKMM Nnosem. B peasnibHOCTM 3TU NOAA CUABbHO Pa3/INYaAIOTCA.

OZHaKO CaMOCOr1IaCOBaHHbIN YYET 3TUX Pa3/IMYNUN HE NPUBOAUT K KAKUM-TMO0 CyLLLEeCTBEHHbIM U3MEHEHUAM FTMCTEPE3NCOB
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTL B KMPasbHOM NO/IyNIPOBOAHUKOBOM

MUKpOpe30oHaTope: CaMOCOrNacoBaHHbIN PaCYET
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NAAH IOKNALA

5. 2D xupanbHble mMeTamembpaHbl C MaKCUMabHbIM LIMPKYNAPHbIM ANXPOU3MOM
OTPa*KEHUS N NPONYCKaHMNA U XxupasbHblie Pabpu-fepo mMmkpopesoHaTopbl

30 dTU-2026, 26/02/4226, C. . Tuxonees



2D xnpanbHble meTamembpaHbl

Point symmetry C,,,

is also interesting
Z

y
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Experimental realization for
Fig. 1 Schematics and simulation results. a Schematic of the chiral PC membrane and geometry definitions. The Bravais lattice is square with the . .
lattice constant of a = 740 nm. The unit cell (shaded area) comprises a tripartite configuration of perforating holes: a circular hole at the center with a Optlcal range on SiN
diameter of d. = 200 nm and two elliptical holes (dy =420 nm and d, = 140 nm) displaced by +C = +(150% + 275y)[nm] with respect to the
center. The membrane is made from silicon nitride with a refractive index of n ~ 2.26 and a thickness of ~ 309 nm. b Illustration of the optical

response at the designed wavelength of 870 nm. The structure reflects RHCP light while preserving its handedness. The opposite spin is transmitted, CZh symmetry aIIOWS ConverSion
and its handedness is reversed. ¢ SEM image of the fabricated device. d, e FDTD simulation results: d power reflection spectrum for the two spin
states of the incident light and e the corresponding intensity distributions over a few unit cells. The color axis displays the normalized electric field of circula r polarization

intensity profile |E/Eoyz, where E and £, are the induced electric field magnitude upon circularly polarized illumination and the magnitude of the
incident field, respectively

. J

B.Semnani, J.Flannery, R.Al Maruf, M. Bajcsy. Spin-preserving chiral photonic crystal mirror. Light: Sci & Appl. 9, 23 (2020)
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C,,, CMMMeTpUA, NageHne CBeTa No HOPManMu.

LInpKyNApHbIA ANXPOU3M NPOMNYCKAaHUA U OTpaXKeHusA

Circular dichroism (CD) of transmission and reflection in circular cross- and co-
polarization of a structure with C,, symmetry at normal light incidence
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|. Toftul, P. Tonkaev, K. Kosheley, F. Lai, Q. Song, M. Gorkunov, Y. Kivshar
Chiral Dichroism in Resonant Metasurfaces with Monoclinic Lattices. Phys. Rev. Lett. 133, 216901 (2024)
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OTparkeHue LUPKYIAPHO-NOAAPN30BAHHOM BOJIHbI OT

MNAOCKOTO U3OTPONMHOTIO 3€epPKaJjia
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Total reflection from a flat mirror
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OTparkeHue LUPKYIAPHO-NOAAPN30BAHHOM BOJIHbI OT

NJTIOCKOTO U3OTPONMHOTIO 3epPKaJjia

//////

y .
9

© H.A.Tunnwnyc

A left circularly
polarised photon
(LCP) is incident

0.8

0.6
04 A right circularly
y  polarised photon
(RCP) is reflected

0.2

Total reflection from a flat mirror

3L ®TN-2026, 26/02/4226, C. T. Tuxonees



OTparkeHue LUPKYIAPHO-NOAAPN30BAHHOM BOJIHbI OT

NJTIOCKOTO U3OTPONMHOTIO 3epPKaJjia

//////

A standing wave has
no helicity
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OTparkeHne UUPKYIAPHO-NONAAPU30BAHHOWN BOAHbLI OT 2D

XUpan bHOWU MeTanoBepxHOCTU
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© H.A.Tunnwnyc

A left circularly
polarised photon
(LCP) is incident

Total reflection from a C2h metasurface with maximum CDR
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OTparkeHne UUPKYIAPHO-NONAAPU30BAHHOWN BOAHbLI OT 2D

XUpan bHOWU MeTanoBepxHOCTU
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XUpaJsibHble MUKPOPEe30HaTopbI

K. Voronin et al. ACS Photonics 2022, 9, 2652-2659

ACS Photonics

pubs.acs.org/journal/apchd5

(a) achiral cavity

- _d H
RH |

R

(d)

Figure 1. (a—c) Concept of a single-handedness cavity. An ordinary achiral cavity, (a), does not support chiral eigenmodes due to handedness
flipping of the standing wave inside the cavity. A single-handedness optical cavity supports a mode of a well-defined handedness, (b), and does not
support a mode of the opposite handedness at the same wavelength, (c). (d) The unit cell of the photonic crystal slab mirror featuring handedness-
preserving reflection at normal incidence. () Reflection and transmission coefficients of the optimized mirror in the circular polarization basis for
right-handed incident light exhibiting near-unity reflection with preserved handedness. (f) Reflection and transmission coefficients of the optimized
mirror for left-handed incident light exhibiting near-complete transmission accompanied by handedness flipping.
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(b) chiral cavity mode
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Chiral Light in Twisted Fabry—Pérot Cavities
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| Figure 3. a) Sketch view of a chiral resonator supporting LH Fabry—Pérot modes. The cones represent electric vectors of the incident wave settled in
the gap between the mirrors, with phases specified by the circular colorbar. The field distribution is calculated for the gap size g & 575 nm and the twist
a . angle 2a = 0°. The gap-size dependence of b) the time-average normalized chirality density and ¢} normalized intensity in the middle of the cavity. d)

The gap-size dependence of the emissivity of RH and LH dipole sources placed in the middle of the cavity. €) The gap-size and twist-angle dependence

Figure 1. a) The most general configuration of a chiral resonator with twisted one-dimensional gratings. b) Chiral resonators formed by chiral and

of a difference between RH and LH dipole emissivities.
non-chiral mirrors. c) A top view of the unrotated chiral and non-chiral mirrors. In (a—f) color represents the orientation of optical axis.
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AnmasHaa metamembpaHa ¢ makcumymom CDR mn CDT ana A = 10-12 um

N.V. Valenko, O.A. Dmitrieva, SGT. Comp. optics 48, 816 (2024)
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CTpyKTypa 13 anmasa c €5 = 5.76 (nokasaHa ogHa anemeHTapHasa A4Yerika meTamembpaHbil).
MaKCcUMyM LMPKYAAPHOTO ANXPOU3Ma OTPAXKEHMNA U NPONYCKaHUA gocTuraetca npu A=11 um.
px=py=6.95 um, h=4 pm,ac=1.51 um, cx=1.16, cy =2.12 um, ax = 1.54 um, ay = 0.62 pm.
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AnmasHasa metamembpaHa ¢ makcmmymom CDR n CDT gna A = 10-12 um

Calculated spectra of transmission, reflection and absorption in circular polarization basis
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Intensity optical coefficients (real numbers) are related to

the corresponding amplitude coefficients (complex
numbers)

Electrodynamic reciprocity leads to:
Fir = Tyt t-r'-r — tll

Ry=lrul*, Tu=Itul>. ... Ry = Ry, 1w =1y
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AnmasHasa metamembpaHa ¢ makcmmymom CDR n CDT gna A = 10-12 um

Calculated spectra of the circular dixhroism
of transmission, reflection and absorption in
circular polarization basis
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KpemHneBas metamembpaHa C MOHOK/IMHHOW PeLLIeTKON LUNANAPUNYECKUX

oTBepcTun AnAa TIu, Ananas3oHa
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KpemHneBas metamembpaHa C MOHOK/IMHHOW PeLLIeTKON LUNANAPUNYECKUX

oTBepcTun ana Ty Anana3oHa
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KpemHneBas metamembpaHa C MOHOK/IMHHOW PeLLIeTKON LUNANAPUNYECKUX

oTBepcTun ana Ty Anana3oHa

JKCcnepumeHT S3:
a~300 mkm, b~370 mkm,
d~(190-165) mkm
Pacuer 1.1.1":

a=303 mkm, b=367 mkm,
d=177.5 mkm
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KpemHmneBaa metamembpaHa C MOHOK/IMHHOM PEeLLEeTKOW UNAUAPUYECKUX

oTBepcTun ana Ty Anana3oHa

1 1
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£ E
(/2] n
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(= (=
a~300 mkm, b~370 mkm, /
~ 0.2 ol ]
d~(190-165) mkm 02 /
Pacuer 1.1.1": | Y A N 0 ‘ i
a=303 mkm’ b=367 mkm’ 525 530 535 540 545 525 535 540 545
d=177.5 mkm Frequency, GHz Frequency, GHz
- . 1 : : : 1 ‘ .
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nponycKkaHue byaeT chabbim. | ‘ o b= R
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KpemHmneBaa metamembpaHa C MOHOK/IMHHOM PEeLLEeTKOW UNAUAPUYECKUX

otTBepcTMnana Tly, Anana3oHa

- nn

X 532
Y 0.78323 Rrp

08+ 3 e [ o2 |
Trr

0.6

Transmission

545 525 530 535 540 545
Frequency, GHz Frequency, GHz

CneBa: pacyeTHble CNeKTPbl NPONyCKaHUA U oTpa*keHnAa RCP BO/HbI
CnpaBa: cpaBHEHME pacyeTHOM (YepHas KpmnBas) U M3mepeHHoM (KpacHana) 3adPeKTUBHOCTU KOHBEPCUMN
LMPKYIAPHOU nonapusaumm npm nponyckaHnm RCP BosHbI
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BbiBOAbI

* XupanbHble GOTOHHbIE CTPYKTYPbl — KOMMAKTHbIE UCTOYHMKHN
LMPKYNAPHO-NONAPM30BAHHOIO CBETA KaK B CMNOHTAHHOM, TaK U
NIa3epHOM peXKUmax.

* [loporu anAnNTUYECKN-NONAPU3OBAHHOM Na3ePHOMN reHepaymnm
onpeaenatoTca HapyweHnem C4 cummeTpum GOTOHHOIO KPMUCTanna,
3a CYET, Hanpumep, OTCYTCTBUA LUANHOPNYECKOU CUMMETPUN
obnacTn BO36YyXKAEHMA

* B XMpanbHbIX MUKPOPE3OHATOPax BO3MOXKHbI pe3Kne
MYNbTUCTabMAbHbIE Nepexoabl B COCTOAHUA C BbICOKOUW CTEMEHbIO
LMPKYNAPHOU nonapusaumm GoToNHOMUHECUEHLNM NPU
PE30HAHCHOM KOrepeHTHOM TIMHENHO-NONAPU3OBAHHOM ONTUYECKOM X, *
HaKauyKe 02

e 2D xupanbHble meTamembpaHbl KaK GOTOHHbIE CTPYKTYPbI C % w0 0o so“oo 750
MaKCMMANbHbIM LMPKYIAPHBIM AUXPOU3MOM NPOMYCKaHMA U
OTpaXKeHuA

2 10°F (a)

-------

g P g

(=]
o for
a

N S S S
5 10 15 20 25 30
Current J (mA)

Transmission

Paboma Bvinoanena npu noddepxke PHO (npoexm Ne 22-12-00351-11 )

CNACKBO 3A BHUMAHME!
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