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NJ1AH JIEKUNN 1

1. BBegeHme: XMPanbHOCTb U LLUPKYNAPHO-NONAPU30BAHHbIN CBET, PE30HAHCHI
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3. KaK aTo ycTpomncTteo paboTtaer

4. Mapwpytnsauma GoToNHOMUHECUEHLNN CMUH-NONSPU30BAHHbIX KBAHTOBbIX TOYEK
N3 XMpPanbHbIX POTOHHbIX CTPYKTYP
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Xl/lpafleOCTbZ 0OBEKT He coBsrnagaet CoO CBOUM OTPaKeEHNEM

Mop 3TO onpeaeneHne, BoobLue-
TO, NoNagaeT NpaKkTUYecKn Bce, YTo
Hac OKpy»aeT
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Xl/lpafleOCTbZ 0OBEKT He coBsrnagaet CoO CBOUM OTPaKeEHNEM
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Xl/lpafleOCTbZ 0OBEKT He cosnagaeTt Co CBOMM OTPaKeEHNEM

Mbl 6yaem obcyKaaTb ONTUYECKME CBONCTBA XMPaJibHbIX POTOHHbIX CTPYKTYP:
$GOTOHHO-KPUCTANIMYECKUX CNOEB N METANOBEPXHOCTEN, a TAKKE XUPaNbHbIX
MMWKPOPE30HaTOPOB

All-Dielectric Nanophotonics

Nanophotonics

2024, Pages 243-286

PHCITHICE
REVIEW RESEARCH

9 - Rational design of maximum chiral s i

dielectric metasurfaces Chiral Emission from Optical Metasurfaces and
Metacavities

Maxim V. Gorkunov, Alexander A. Antonov

J'urrgr".‘u Han, Hegjoo Jang, Yeonsoo Lim, Sfl'.lr‘:"l_-;'l:‘i'riLir'.' ."ij_r'.rl._,'.-‘t'*.".*urr Leg,
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o Share ¥9 Cite

https://doi.org/10.1016/B978-0-32-395195-1.00014-4 » Get rights and content Adv. Photonics Res. 2024, 2400060 DOI:
10.1002/adpr.202400060

M. Gorkunov, A. Antonov, Rational design of maximum chiral dielectric
metasurfaces. In book: All-Dielectric Nanophotonics, Eds. A.S. Shalin, A.C. Valero
and A. Miroshnichenko, Elsevier 2024 (pp.243-286)
DOI:10.1016/B978-0-32-395195-1.00014-4
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MOTUBALUWA: KomnaKTHble NCTOYHUKN LUPKYNAPHO-NONAPU3OBAHHOIO CBeTa

CseT ¢ 601bLION CTENEHbIO UMPKYASPHOM nonapusaumm (DCP) BaxKeH AnA MHOTMX MPUMEHEHUN:
e Jlncnneun n onTUYECKne HaKoMUTen

* OnTnyecKaa cBAa3b

* buoceHcopbl

e MegnunHCcKaa AMarHocTuKa.

doToNtOMUMHECLEHUMA XMPa/bHbIX MaTepmanos o0bnaaaeT AMbo HU3KOM CTENEHbIO LMPKYAAPHOMN
nonspusaumun, "Mb6o NAET ¢ HU3KOM KBAHTOBOMU 3G PEKTUBHOCTHIO.

[NocturkeHune Bblcoknx DCP n KBaHTOBOM 3PPEKTUBHOCTU OAHOBPEMEHHO OCTAETCA YPE3BbIYANHO
C/IOXHOM 3a4a4en.

AI'IbTepHaTVIBHbIlz cnocob noayyvyeHnAa XxmpasibHOro cBeTa — NCnoJib3oBaHUe 06 bIYHbIX dXUpPaJbHbIX
M3nyanene171 N NMBO CTaTUYECKOrO MAarHUTHOTO nonaA, nmbo YETBEPTbLBOJ/IHOBbLIX MJ/1IACTUH. OAaHakKo 3To
Aa/1eKO HE KOMIMAKTHblIEe MCTOYHNKUN CBETA.

KomMnaKTHbie MCTOYHUKM XMPANbHOIO CBETA MOXHO CAE/1aTb C MOMOLLbID ODObIYHbIX axXMpPabHbIX
n3nyyatenem n XxmpaabHbiX POTOHHbBIX CTPYKTYP: POTOHHbIX KPUCTA/I0B, METANOBEPXHOCTEW,
Pe3oHaTopoBs.

BASIS-2024, 29/07/2024, S.G. Tikhodeev




XnpanbHaa LMPKYNAPHO-NONAPU30BAHHAA NIOCKAA BOJTHA

JleBo-nonAapusoBaHHana BoaHa (LCP), pacnpocTpaHatoLwLanca BooAb
NONOXKUTE/IbHOIO HanpaBaeHMA OCK X

E(x.y,z,t) = Re [(U. 1.7)) r:*-_““’“”‘ﬂ ‘
EE_"-. ‘ g
%, i"-."l-# 17 .#""‘ \ )
E({].y.:_{]) = i 1 ) ) '/3& J}—*“k ﬂ:‘\‘
E(0,y,2,T/2) = (0,0,1) LN\ ? z
The electric field vectors of a traveling o
Ti4 circularly polarized electromagnetic wave. This
wave is right-handed/clockwise circularly
T2 Y polarized as defined from the point of view of
the source, or left-handed/anti-clockwise
AT/4 circularly polarized if defined from the point of

view of the receiver.
© Hukonam fmnnuyc

https://en.wikipedia.org/wiki/Circular_polarization
BASIS-2024, 29/07/2024, S.G. Tikhodeev




OTparkeHne LUUPKYNAPHO-NOASPU30BAHHOIO CBETA OT axupaibHOro 3epKasa

OTtparkaetca RCP ¢poToH

Y cTosiuen BO/IHbI
BMHT (CnMpanbHOCTb)
oTCcyTCTBYET

LH*+ RH™

MNapgaet LCP ¢poToH

0.05
0
-0.05

0.8

The electric field vectors of a traveling B 0.6

circularly polarized electromagnetic wave. This 3 02 OTpa)'Ka ertcan pa BO-
wave is right-handed/clockwise circularly 0 ' A/

polarized as defined from the point of view of y BMHTOBOWU d)OTOH

the source, or left-handed/anti-clockwise [MapaeT neBo-BUHTOBOM POTOH (with Right Helicity,
circularly polarized if defined from the point of . .. B

view of the receiver. (Wlth Left H@IICIty, LH+) RH )

https://en.wikipedia.org/wiki/Circular_polarization
BASIS-2024, 29/07/2024, S.G. Tikhodeev




OTparkeHne LUUPKYNAPHO-NOASPU30BAHHOIO CBETA OT 3epKasa C MaKCUMaibHOM

XUPa1bHOCTbHKO

OTtparkaetca LCP ¢oToH

Mapaet LCP ¢poToH Y cToAYen BONHbI IEBbIN BUHT

(cnnpanbHOCTb) coxpaHAaeTcA

0.05

T/4
T2 'D*T
3T/4
3 0.2 o
0 , OTpaskaeTcs NeBO-BUHTOBOM
NagaeT NeBo-BMHTOBOM GOTOH (with doToH (with Left Helicity, LH™)

Left Helicity, LH*)
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OnTmnyeckmne cBOUCTBA XUPabHbIX CTPYKTYP

OnTnyeckaa akTUBHOCTb U LUPKYNAPHbIN AUXPOU3M
T.e. BpalleHne NnNocKOCTMU NIMHENHOM Nonsapu3aumm U pasHuLa B NOrnoLweHnn
NeBO- U NpaBo-NoONAPM30BaHHOIO CBETA

Right-handed
Left-handed Counterclockwise material

material Rotation

&7@ r,'/. RN

Clockwise
Rotation

= WCKYCCTBEHHbIE
KWpasbHble CTPYKTYpbI

BASIS-2024, 29/07/2024, S.G. Tikhodeev



OnTmnyeckmne cBOUCTBA XUPabHbIX CTPYKTYP

- B MCKyCCTBEHHbIX KMPaAbHbIX CTPYKTYPax ONTUYecKas akTUBHOCTb
N UMPKY/IAPHbIA AUXPOU3M MOTYT ObITb peKopAHO 6onblIMMM

A. Papakostas et al., PRL, 2003
- M. Kuwata-Gonokami et al, PRL, 2005

L]

4th Physics, Stuttgart, H. Giessen teanjiis
Na Liu et al., Nat. Photon. 2009

M. Hentschel et al., Nano Lett. 2012
D.-H. Kwon et al., M. Schéferling et al., PRX 2012

Opt Express, 2008 X.Yin et al,, Nano Lett. 2013 & 2015 ...

BASIS-2024, 29/07/2024, S.G. Tikhodeev




METO/l: ncnonb3oBaHWe pe30HaHCOB B XMPanbHbIX POTOHHbIX CTPYKTYpaX

N3nyyaTenbHy0 3PpPEeKTUBHOCTb POTOHHbIX CTPYKTYP MOXKHO NOBbIWATL C
NOMOLLbIO GOTOHHbIX PE30HAHCOB.
Nexkunn H.A.lmnnuyca, C.A.lbakosa n N.M.®paaKnHa Ha HaleN WKoNe.

Hebonbluan nctopmuyecKan cripaBKa

BASIS-2024, 29/07/2024, S.G. Tikhodeev



AHOMannun Byaa B onTUYECKMX cnekTpax AMPPaKLUMOHHbIX peLleToK

Wood, R. W.
On a Remarkable Case of Uneven Distribution of Light in a

Diffraction Grating Spectrum 5
Philos. Mag., 1902, 4, 396 AHomanuu Byaa B cnekTpe oTparkeHnAa meTal/iInyeckom

ANDPAKLMOHHOM pPEeLLETKU
Fig. 1.

83 62 61 60 59 38 3 5 ' 54 53 52 51 30
Angle of :
Incidence,

g . “...The study of this grating has been limited to the two or three
days immediately preceding the closing of the laboratory for the
summer, consequently | have been unable to give a very
exhaustive account of its behaviour under other conditions, or

. & secure any very satisfactory photographs of the peculiar spectra.

)
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w
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1] 1o

The few photographs which | have taken and which are

reproduced, were made on some old orthochromatic plates,

without any especial appliances, the plates being applied to the

..« end of the spectrometer tube, while the slit was illuminated with a

- Nernst lamp, which makes the best source of light possible when a
continuous spectrum is required...”

Vo. 10

doTorpadumm cnekTPoB OTPArKEHUA MPU PA3HbIX yraax nageHus

BASIS-2024, 29/07/2024, S.G. Tikhodeev



AHomanunun Byaa-Panea

Lord Rayleigh.

el

Note on the remarkable Case of Diffraction Spectra described by Prof. Woo

Philos. Mag., 1907, 14, 60

PHILOSOPHICAL

JOURNAL OF

If 8 be the angle of incidence for which ]ight of wave-
length A is just passing off in the nth spectrum,

€(1+sin)=mnh.

N L] - ® - -

(1)

Panen o6bacHMA aHOManun Byaa BaMssHMEM OTKPbITUA HOBOrO KaHana
AndpaKkumMm, Korga BO3HMKaowWwaa AmdparmpoBaHHaa BOIHA

LONDON, EDINBURGH,

HUTALbHBIW 3AN
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WILLTAM FRANCIS, LIS

VAVIOR AND FRANOL

PacnpoCTpaHAeTcA BAONb pelleTKU. Ho 3To ToNbKO YacTb aHoManum Byaa. =
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AHomanunun Byana-Panea

CBEeTOBOWM KOHYC

CBETOBOI KOHYC, BU, CBEPXY

k= k,sin 6
K,=w/c

y Z

Panen 06bACHMA aHOMannu Byaa BAnAHMEM OTKPbITUS HOBOTO KaHana
AndpaKkumnm, Korga BO3HMUKaowWwana amdparmpoBaHHaa BOHA
pPacnpocTpaHaeTca BAONb peLleTkM. Ho 3To TonbKo YacTb aHOMannm Byaa
(aHomanuun Byaa-Panen).

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Pe3oHaHCHble aHOManunn Byaa-®aHo

Fano, U.

The theory of anomalous Diffraction Gratings and of quasi-stationary
waves on metallic surfaces (Sommerfeld's waves)

J. Opt. Soc. Am., 1941, 31, 213

“...0ur question is: “Is there left any proper value when the thickness vanishes?”” To allow for
vanishing thickness, not only the number of transversal wave-lengths but also the “additional
fraction” must vanish, that is, the sum of the

“phases” at the surfaces must be a multiple of 180”. (This condition is, of course, independent of
the properties of the glass plate considered.) The answer given by actual calculation? is:

One and only one proper value exists and this only if the wave is polarized with its magnetic
vector parallel to the surface.

The possibility of a solution is essentially due to the negative sign of &, that is, to the possibility
of concentrating such strong charges on a metallic surface as to invert the direction of the normal
component of the electric field. The dependence on the polarization is then obvious, since no

. . ’
analogous magnetic property exists... 9 The equation determining the proper value of the
. momentum is:

Ritchie, R. H. Wyt En-=n2(Ro?— £:2) - (n2Ro* — £,7)1=0,

Plasma Losses bv Fast Electrons in Thin Eilms if the magnetic vector is parallel to the surface, and:
y Bni En= (ko3 — £ (n2h,2— £ )=,

PhyS ReV" 1957’ 106’ 874 if the electric vector is parallel to the surface.

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Pe3oHaHCHble aHOManunn Byaa-®aHo

[MoBEPXHOCTHbIN
NAa3MOH-NONAPUTOH

_ 2_ 0 2_7-[ ke,
d d
PaHO 06BACHUA OCTaBLLUMECA aHOManuu Byaa Tem, yTo
najatoLLan BoaHa BO3BOyKaaeT B MeTaNMyecKo
peweTKke NnoBepxHOCTHbIE N/Z1a3MOH-TNMTONTAPUTOHHbIE
BO/IHbI (pe30HaHCHble aHoManun Byga-PaHo)

BASIS-2024, 29/07/2024, S.G. Tikhodeev




NJ1AH JIEKUNN 1

2. (DOTOJ'II-OMMHGCLI,EHLI,MH dXNPAJ/IbHbIX KBAHTOBbIX TOYEK B XNUPA/IbHOM
AN3NEKTPN4eCKUM BOJ/IHOBOOE

BASIS-2024, 29/07/2024, S.G. Tikhodeev



K.Konishi et al. Circularly Polarized Light Emission from Semiconductor Planar Chiral

Nanostructures. Phys. Rev. Lett. 106, 057402 (2011)

Photonic resonances in chiral structures as a route to emitters of
circularly polarized light

gammadion
: Iayer -
—\_ L'-_‘\_'-':\'\ Y ?;;/g? g 0
=¥ ‘ ""'—\\ 8 o0
“ ‘i\a‘ InAsQD D= 1.29 um 90: 000 1ol
= layer : S 1o
A o~ 0.14-0.2 pm q 020 o *l T+ I

1 000 1020 1040 1060

PL Intensity (arb. units)

' Wavelength (nm)
» The photoluminescence of InAs QDs S 0_20(—_0) .
from a chiral GaAs waveguide was 5 ol 1 [
partially circularly polarized. § 0.00 Neassg -\ N
- Opposite polarization senses for right- 8 o\ e
and left-twisted gammadions. : 1000 1020 1040 1060 108011{)OD i 162020{1}2’20” 1060
« But measured p, was 26% maximum Wavelength (nm) Wavelength (nm)
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Verifying the theory for chiral GaAs planar waveguide

K. Konishi et al, 2011
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Experiment

K. Konishi et al, 2011

S. V. Lobanov et al.,Opt. Lett. 40, 1528 (2015)

Calculation w
accounting fo
aperture 0.03

ith
r final




S. V. Lobanov et al. Polarization control of guantum dot emission by chiral photonic

crystal slabs. Opt. Lett. 40, 1528 (2015)

Chiral GaAs planar waveguide with InAs QDs: Optimized structure,
theory

33
30
o
@ 25H
.§ 20 . . .
- Achiral QDs can emit circularly
. polarized light due to
z ] 0. quasiguided photonic
ol b il Sl 1 resonances in a specially
1000 1020 1040 1060 1080 1100 . . .
Wavelength (nm) d@SlgnEd chiral phOtOﬂlC

crystal slab
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S.V. Lobanov et al. Controlling circular polarization of light emitted by quantum dots using chiral

stal slabs. Phys. Rev. B 92, 205309 (2015

M5268 3 3b SEM

BASIS-2024, 29/07/2024, S.G. Tikhodeev



S.V. Lobanov et al. Controlling circular polarization of light emitted by quantum dots using chiral

Chiral GaAs planar waveguide: Optimized structure, experiment

P=770 nm, A = 154nm
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Chiral GaAs planar waveguide. Optimized structures, theory and experiment:

O calculations|
1.0 %) 80 | | O experm}ent
0.8 —@& i 00 | |
0.6 i 60 | = i
0.4 F |

02} | |
0.0 f-- . |
02 | |
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Degree of circular polarisation: theory (black circles) and experiment (red)
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NJ1AH JIEKUNN 1

3. Kak aTo ycTpoincTeo paboTaer

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Chiral GaAs planar waveguide: how it works

The key to understand the physical mechanism of the effect: the expected oscillating

dependence of p, on the chiral slab thickness (simulation)

(7))
= da
S 100 —( ) el
2
© 50
=
k%)
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L 0 . ' .
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1 —(b) ~
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Experimental realization
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Chiral GaAs planar waveguide: how it works

Circularly
Apolarizecflight 1”|

Top|mirror (CPCS) Koo w0 = 2.61,1.85,1.32,1.21

CPCS

[in units of k,=ayC,

Bottom mirror R=1 same in o+ and o}
(Cladding AiGaAs | 11l WG K. = 1.11
. layer)

AERA AR LR

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Chiral GaAs planar waveguide: how it works

C, symmetry: the electromagnetic field F=E,H transforms after
90°- rotation as

{Fl(_u I)t Fl;‘(_?/ I)} =17 {E@}(It U) _F;I‘-(It U)}
n = —1,0,1.2

where

At n=+1 the modes are optically active (coupled to the circularly
polarazed c* waves outside the structure. For example,

- __em+'3"ey 'EI/YiT(_:):;}—"'iwt " —
E™ = L=""¢ corresponds to n = —1

Time-reversal invariance:

[Ealz, ), By(n,g)}es=*  {Hiz,y), Hy(z,y)}e"*=*

Kf=K:,ET=(E7)"H " =(H")

BASIS-2024, 29/07/2024, S.G. Tikhodeev




Chiral GaAs planar waveguide: how it works

e (Cam no cebe TakoW XxMpaabHO-MOAYINPOBAHHbBIN CION HE
ABNAETCA XMpasibHbIM (cummeTpua Cyp, a He C,). Cuctema
CTAHOBUTCA XMPaNbHOM, HANPUMEP, M3-3a HAAUYMNA NOANOKKN
(HapyLeHne 3epKasbHON CUMMETPUN).

*  XWPaNbHO-MOAYIMPOBAHHbLIN CIOM BMECTE C BEPXHUM U HUKHUM
MHTEepPencamm paboTaeT Kak NONYBONHOBAA NIACTMHA,
4YacTMYHO (B Maeane — NONHOCTbIO) OTOUABTPOBbLIBASA U3NYUYEHNE,
NOJIAPU30BAHHOE MO YaCOBOW WM MPOTUB YAaCOBOW CTPESKM

BASIS-2024, 29/07/2024, S.G. Tikhodeev




Chiral GaAs planar waveguide: how it works

Re( Ej(x,y) ); K /k, = 1.1089 Im( E}(x.y) ); K Ik, = 1.1089
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Chiral GaAs planar waveguide: how it works
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Chiral GaAs planar waveguide: how it works
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Chiral GaAs planar waveguide: how it works
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Chiral GaAs planar waveguide: how it works
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Chiral GaAs planar waveguide: how it works

The transmission amplitude from mode # j to mode #j through the
interface can be estimated as

[P/ E*xH;, +E; x H!
bi s = / / drdy— :
p)2 2

where

E X H — ErHy - EUHT

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Chiral GaAs planar waveguide: how it works
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Chiral GaAs planar waveguide: how it works

Comparison with FMM numerical simulations (with 401 harmonics)

Approximate equation; . . Approximate equation; . .
Variable PP . 9 i ¢ Relative difference PP . 9 ! Relative difference
approximate fields exact fields
1—>1

0,0093 + 0,0673i
-0,0256 + 0,0830i 25% -0,0273 + 0,0884i 26%

-0,0487 - 0,0564i

Gy -0,0256 - 0,0830i 22% -0,0273 - 0,0884i 23%
-0,0452 + 0,0220i
-0,0830 + 0,0256i 28% -0,0736 + 0,0075i 26%
-0,0417 +0,0199i
-0,0830 - 0,0256i 46% -0,0736 - 0,0075i 35%
0,5774 - 0,0613i
0,4820 11% 0,6715 9%
0,5734 - 0,0994i
0,4820 13% 0,6715 11%
0,7290 - 0,0561i
A 0,4820 21% 0,7911 5%
t5 0,7277 - 0,0122i
J 0,4820 20% 0,7911 4%
T+ 0,0062
0 0,0070 6% 0,0154 43%
T= 0,0075
0 0,0070 4% 0,0154 34%
- 0,9316
n 1,0000 4% 0,9424 1%
_ 0,7752
lo* 139
P 111 11% 134 2%
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Chiral GaAs planar waveguide: how it works

Calculation with 401 harmonics
Model with calculated papameters
Model with approximate parameters

per = (TT =T7)/(T7 +1T7)

(exact: blue curve)

Calculated transmission through the chiral
layer in circular polarizations and the circular
polarization selectivity of transmission

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Chiral GaAs planar waveguide: how it works
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NJ1AH JIEKUNN 1

4. Mapwpytnsauma GoToNHOMUHECUEHLNN CMUH-NONSPU30BAHHbIX KBAHTOBbIX TOYEK
N3 XMpPanbHbIX POTOHHbIX CTPYKTYP

BASIS-2024, 29/07/2024, S.G. Tikhodeev



MapuwpyTrsatop GOTOHOB MO CNNHY U3TYYaOLWMX KB. TOYEK

Ecnn MmoXKHO 3acTaBUTb HEMONAPU3OBAHHbIE KBAHTOBbIE TOYKU U3NY4YaTb
LMPKYIAPHO-NONSPU30BAHHbIN CBET, 683 NPUI0OKEHMS CTaTUHECKOTO MarHUTHOIO
nona, n 6e3 Heo6xoANMMOCTM B PUALTPALUM TONCTbIMU BOTHOBLbIMM NNACTUHAMM,
Henb3A M 3aCTaBUTb CMUH-NONAPU30BAHHbIE KBAHTOBbIE TOYKU N31Yy4aTb BBEPX UIN
BHW3, B 3aBUCUMOCTM OT HaMpPaBAEHUA NONAPU3aLUNN?

MapuwpyTtnsatop ¢oToHOB.

BASIS-2024, 29/07/2024, S.G. Tikhodeev



Mprmep oNTUMU3NPOBAHHOM CTPYKTYPbI cummeTpumn C4
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Sllicon bimetasurface, a=4b=2¢=796 nm, h=690 nm, d=401 nm
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0.1.

The chiral doublet of k=0 Fano resonances is responsible for the perfect photonic routing
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E,p = 0.50573-0.168631  -0,18272-0.535461 -0.0017874+0.0018387i
Epor = 0-7071140i  0.0029533+0.72574i -0.0020974-0.00040377i
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top,bot
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Sllicon bimetasurface, a=4b=2¢=796 nm, h=690 nm, d=401 nm

The chiral doublet of k=0 Fano resonances is responsible for the perfect photonic routing
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[MonbiTKa narotosneHna: C. Schneider et al., Universitat Wirzburg

B3 2353.8kYV x18.8K
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K coxaneHuo, cBoboaHO-

NOABELLEHHYIO XUparbHYHO
GaAs meTa-memMbpaHy co
cnoeM INAS KBaHTOBbIX TOYEK
n gaxe cummeTpumn C4

N3roTOBUTLb MNMOKa HE yaal10Cb
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Vertical Routing of Spinning Point Dipole (Quantum Dot) Radiation

e Silicon nanomembrane with two
chiral photonic crystal slabs (PCS)

(b) uPper_F?S__ The upper and lower PCS are

mirror-symmetric: the point
symmetry of the nanomembrane is
D, (vertical C, & two horizontal C,)

lower PCS

Emitting point dipole (quantum dot)
is in the center of symmetry point

* The structure was optimized for
routing of 1.55 mm photons in Si:
a =801 nm
b=a/4
c=a/2
h =686 nm
d =401 nm

BASIS-2024, 29-30/07/2024, S.G. Tikhodeev



S.A. Dyakov et al. Vertical Routing of Spinning-Dipole Radiation from a Chiral Metasurface

Phys. Rev. Appl. 14, 024090 (2020)

A perfect photonic router

We show that spinning dipoles in the specially designed chiral D4-symmetrical
bimetasurface membrane can emit light either upward or downward depending on their rotation direction.

A spin-polarized QD emitter in the center of one unit cell EE . Ii
=i u d

b er PCS N = —
(b) upp res IJ—L +If

lower PCS

Emissivity
o

-1 . : . === -1
1540 1545 1550 1555 1540 1545 1550 1555 1560

Wavelength (nm) Wavelength (nm)

Sllicon bimetasurface, a=4b=2c=801 nm, h=686 nm, d=401 nm
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CuMMeTpPUA CTPYKTYPbI U YC/IOBUE UAEA/IbBHON MapLLUPYyTU3aLUK

none xX- ny-

ot o= . .
NONAPU3OBAHHbLIX Eu — EU— :|: ?;EE{ — ((},’ :F Z/B) []‘? :l:?,}

avnonen St P oYy : :
Em B [a 5] Ed — Ed + ?;E — (p + ?;T) {1? Zl:?;]
B ’ YcnoBue naeanbHOM MapLupyTM3aumm
ES = |p, 7] B C, CUMMETPUYHOI CTPYKTYype
- 3 a=—if, n p=ir
B =[-f.a] Fs v #
Eq=[-T,p) am | o — i3, w p— —iT
B D4 5 YcnoBue naeanbHOM MapLUpyTM3aLmm
CIMMETPUHHON B D, CMMMETPUYHOWN CTPYKTYpe
CTPYKTYpe
n = a o = —iff|wwm|a =13
E?" = [2a, 2ial, E7 =100,
: — + —_— — .
3 Eg = [03013 Eg = [2053 _2?'0‘5]
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Lobanov, S. V., et al (2012). Physical Review B, 85(15), 155137.
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CneKTpbl N3/1y4aemMoCTu

o’ dipole o~ dipole
'I T — T T T g T
(@) KO3 PUUNEHTDI
55 i 3 MapPLLPYTM3aLUN U3TYYEHUS
_ P/Py=167 | oT o* M 0" Aunonemn
= = i
z 0 : + _
- 5 'T]j: _ / u 4 d
~ = R = = 1
upwards
-0.5 x80 1-0.5 Ia” + Id
downwards
i
1 —T?l l l 1
1540 1545 1550 1555 1540 1545 1550 1555 1560
Wavelength (nm) Wavelength (nm)

NONHbIN KO3POULMEHT
Ycnosue naeanbHOM MmapLupyTmM3aumnm MapLLpyTM3aumnm

B D, cummeTpuYHON CTPYKTYpE -
piot = —ptp—

oa = —if3 a =103

X = 1.55 p A = 1.5536 um

BASIS-2024, 29-30/07/2024, S.G. Tikhodeev



ncnepcnmn KBa3nMBOAHOBOAHbIX MOA
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Pe3oHaHcbl PaHO

(a) upwards (b) downwards
2 - - | - 0.6 | : -
oL 04l " X-KOMMOHEHTA 3/IEKTPUYECKOIO
1540 ym ' Nnona U3nyyeHusa o+
2l | _ o0l NoNIAPU30BAHHOIO ANMNONA B
8 " .
= 1550 nm Hanpas/ieHUN BEPTUKANIbHO
E 4l o — i BBEPX N BEPTMKAJ/IbHO BHU3
|
6| 0.2 | " yyTeHa TO/IbKO OCHOBHaH
| 1560 nm (pacnpocTpaHatowancs)
8 . . | . 04 I . . . rapMOHMKa
-6 -4 -2 0 2 4 02 O 02 04 0.6
ReE, ReE,
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3aBMCMMOCTb MapLLUPYTM3aLMM OT NONOKEHMNA ANNONA

200 400

1500

200 400 600

800 O 200 400
X (nm)

x (nm)
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Yrnosaa 3aBUCMMOCTb MapLUpPYyTU3aL UK

.

(@) I and Iy

10° §
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3aBMCMMOCTb MapLLUpyTM3aLMM OT FEOMETPUYECKUX NaPaMETPOB

tot tot tot
" (a, h) " (a,d) " (h, d)
810 810 F 410 1
99% \
10.8
805 805 405
o
- - = _ 100% o
s = s +
£ 800 Z 800 £ 400
S S < 0.4
—
795 795 395 _
' 0.2
790 790 390 0
675 680 685 690 695 390 395 400 405 410 675 680 685 690 695
h (nm) d (nm) d (nm)
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[Tonapunsaymna nanyyeHumAa

Ycnosue naeanbHOM MapLUpyTU3aLum
B D, cummeTpuYHOM CTPYKTYpE

Ycnosune | (x = —?[3’ BbIMOAHEHO Npu A = 1.55 pum
o = 2a, 2i0/] E° = 10, 0]
u T ¢ e u — ? ?
nose X- N y-nonApmn3oBaHHbIX AMnonen _*qu — [0 0} _'-fi’_ — [20, _27:0,}
C Y ) O 9 .
_f:)? T /.
Eu = &, d] B D4 = CnepoBaTeNibHO, €C/IM CMOTPETb HA U3NydYeHue oT
ST 7_} CUMMETPUYHOU CTPYKTYpPbl, Npou3BeaeHHOe 060nMM TUNaMn ANNONEN,
d = [P CTPYKTYpE BEKTOP 3/IEKTPUYECKOro nons byaet Bpaw,aTbca B
- ’ o OAMHAKOBOM HanpaBaeHUN.
Y — [_f P = &
Eu S | 3 O{}
E—fy . T = —ﬁ = [lpn 3TOM Ha U3ny4eHue OT 0F ANNOAA Mbl CMOTPUM
d = 1—7 /)] CBepXy, OT 0° AUNONA - CHU3Y
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NAAH NEKUNN 2

5. J1azepbl UMPKYNAPHO-NONAPU30BAHHOIO U3/1Iy4EeHUA Ha OCHOBE XMpanbHbiXx AlIGaAs
6P3rroBCKMX MUKPOPE30HATOPOB

BASIS-2024, 30/07/2024, S.G. Tikhodeev



A.A. Demeneyv et al., Circularly polarized lasing in chiral modulated semiconductor microcavity

with GaAs quantum wells. Appl. Phys. Lett. 109, 171106 (2016)

NNazepbl LMPKYNAPHO-NONAPU30BAHHOIO N3Ny4YeHNa Ha OCHOBE
AlGaAs DOparroBCKMx MUKPOPE30HATOPOB, ONTUYECKAA HaKa4vKa
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V.D.Kulakovskii et al., J. Phys: Conf. Ser. 1092, 012071 (2018)

NNazepbl LMPKYNAPHO-NONAPU30BAHHOIO N3Ny4YeHNa Ha OCHOBE
AlGaAs Dp3arroBCKMX MUKpPOPE30OHATOPOB, ONTUYEeCKasd Hakayka
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A.A.Maksimov et al., Circularly Polarized Laser Emission from an Electrically Pumped Chiral

Microcavity. Phys. Rev. Appl. 17, L021001 (2022)

ITasepbl LMPKYNAPHO-NONAPU30BaHHOIO n3ny4vyeHna Ha ocHose AlGaAs
OPIArroBCKMX MMKPOPE3OHATOPOB, 3rNeKTpuyeckasa Hakadka
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A.A.Maksimov et al., Circularly Polarized Laser Emission from an Electrically Pumped Chiral

Microcavity. Phys. Rev. Appl. 17, L021001 (2022)

ITasepbl LMPKYNAPHO-NONAPU30BaHHOIO n3ny4vyeHna Ha ocHose AlGaAs
BP3rroBCKUX MUKPOPE3OHATOPOB, 3fIeKTpUYeckasa Haka4vka
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A.A.Maksimov et al., Circularly Polarized Laser Emission from an Electrically Pumped Chiral

Microcavity. Phys. Rev. Appl. 17, L021001 (2022)

ITasepbl LMPKYNAPHO-NONAPU30BaHHOIO n3ny4vyeHna Ha ocHose AlGaAs
BP3rroBCKUX MUKPOPE3OHATOPOB, 3fIeKTpUYeckasa Haka4vka
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Bragg reflexes of Fabry-Perot resonances in the modulated cavity
to control the polarisation state of the main resonance
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AlGaAs Bragg microcavity with active GaAs QWs and chiral

modulation of the top mirror: RESONANT MODES in linear regime

LCP mode RCP mode
hQ.=1542.95-0.12i meV  hQ,=1542.95-0.12i meV
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,"'

- o S
~-02 | 93379392 293

o ”o}ff ;’ However, the question arises, how the structure with degenerate RCP and LCP
0.4 - 223 };

@25 4 modes in the linear regime, i.e. up to the laser generation threshold, is able to

1 emit elliptically-polarized light with a high degree of circular polarization in the
-0.8 laser regime?

-0.6 Moreover, why the circular polarization sense of laser radiation appears to be of |

the same sign as of the spontaneous photoluminescence below the lasing
Yo M | threshold?
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C4 symmetry breaking

Possible reasons for C4 symmetry breaking and removal of degeneracy:

e the absence of rotational symmetry of the excitation region (e.g., its ellipticity)
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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
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6. MUALTUCTAaBUNBHOCTU B XMPaNbHbIX MUKPOPE30HATOpPax
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IKCUTOH-NONAPUTOHHAA MYAbTUCTAOUNBHOCTb B XMPaJIbHOM MOAYNPOBOAHNUKOBOM

MMKpPOpe3oHaTope NPu pe30HAHCHOM ONTUYECKOW HaKa4vKe
Moctep Onbrn Amuntpueson Ha Hawewn LLIKone

(w0 — wc)él+ = @gext + 4+ P4, (1): iMHeliHOe ypaBHeHWe MaKcBesia B PE30HaHCHOM

NPNBINKEHNU

((9 = CUX)P:I: — Aé‘:& + FIP:I:IQP:i: (2) HennHenHoe ypaBHeHMe pocca-lNnTaeBCcKoOro.
) Ob6a ypaBHeHMA HanucaHbl B o* H6a3suce.

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

B nnHeMHOM pexnme B3aMMHOCTb ypaBHEHUN MaKcBenna NpuBoguT K BblpoXKaeHUo PaHO pe30HaAHCOoB Mo
CMMHY: PE30HAHCHbIE YaCTOTbl M U@y A TaKKe KOHCTaHTbl cBA3n b n A HE 3ABUCAT oT 3HaKa LMPKYNAPHOM
nonapusauuu [B. Hopkins et al., Laser Photonics Rev. 10, 137 (2016)].

Toano, KOHCTaHTa CBA3M BHELUHEro Noaa U Noasa BHYTPM pe30HaTopa 3aBUCUT OT 3HaKa LIMPKYISPHOMN

nonspusaLum.
B HennHenHom cnydae (F#0) ato npnBOAUT Y CHATUIO BbIPOXKAEHUA MEXKAY N1€BO- U MPaBO-NOAAPMU30BaHHbIMMN

cocToaAHnAamm!
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Exciton-polariton multistability in Achiral semiconductor microcavity

under resonant optical pump

The cubic equation for the polarization as a function of the external electric field

P [(@ = o) (@ = ox — FIPLP) - 0] = Aosexs

results in a well known bistability of the response and S-shaped dependence of the polariton intensity on

the external pump
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Exciton-polariton multistability in Achiral semiconductor microcavity

under resonant optical pump
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The bistable jumps and hysteresis are caused by the approaching and crossing of the
resonance frequency to the pump frequency with increase of the pump intensity
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Exciton-polariton multistability in chiral semiconductor microcavity

under resonant optical pump
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Exciton-polariton multistability in chiral semiconductor microcavity

under resonant optical pump

Optimized MC Unoptimized MC
o HH o my
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For the linearly polarized resonant pump we have just 2 = oo : —
to sum up the curves on the previous page. c) d)
1.5
As a result, the response becomes multistable. .
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Exciton-polariton multistability in chiral semiconductor microcavity

under resonant optical pump

Optimized MC Unoptimized MC
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Exciton-polariton multistability in optimized chiral semiconductor

microcavity
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Exciton-polariton multistability in unoptimized chiral semiconductor

microcavity
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Self-consistent accounting for field distribution in the multiple QWs

of the chiral MC

All shown results were calculated in the mean field approximation, replacing the multiple QWs of the structure by one
“effective” QW. However, the actual distribution of the electric field can be self-consistently accounted for and the
results do not change qualitatively and even quantitatively

2

0 5 10 15

Intensity, arb. units

2

26568—8800—0808—

3 3.2
Z coordinate, gm

BASIS-2024, 30/07/2024, S.G. Tikhodeev

1.6

T

= Cubic equation, R-pol e Field distribution, R-pol

Cubic equation, L-pol

« Field distribution, L-pol | -

15



