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TaMMOBCKOe 3/1eKTPOHHOE COCTOAHME

Tamm U.E., Pusnyecknii xypHan Cosetckoro Cotosa. 1, 733 (1932)
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METH!’I!’I-,CI,MEI'IEKTPW—IGCKMIZ HAaHOKOMMNO3UT KaK OTpaXaTe/ib
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B KayecTBe maTepunanos YepeayoLWwmxca C10eB UCNONb30BaHbI ABYOKUCH UMPKOHMA (ZrO,) n ABYOKMUCH KpemHua (Si0,) ¢
AV3NEKTPUYECKMMMN NPOHULaemocTamn €, = 4,16 n g, = 2,10. TonwmHbl cnoes d, = 50 HM 1 dy = 74 HM.

BeTtpoBs, bukbaes, Tumodeen, XKOTd 2013
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XUpasbHOe ONTUYeCKoe TaMMOBCKOe COCToAHUE
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Figure 5. (a) Structure of the CLC combined with metasurfaces. (b) The maximum of the electric
field near CLC—metasurface interface. (c) Distribution of normalized electric fields at the resonant
and nonresonant wavelengths. Field distribution at the resonant wavelength in x-y plane is shown in
the Supplementary Materials.
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Figure 2. (a,b) Schematic of a unit cell of metasurface consisting of an Au-5iO,-Au structure. The
dashed axes of “u” and “v” define the longer and shorter axes of the nanobrick. The “x” axis defines
the CLC director at the surface; it is oriented at y = 45°. (c¢) The scanning electron microscopic image
(the scale bar is 1.2 um). The detailed images of the nanobricks are shown in the inset.

POPUN-MHT 19-52-52006, ¢ HaunoHanbHbIM yHUBepcuTeToM Yao-TyH, TanBaHb
Lin, Xu, Bikbaeyv, Yang, Li, Timofeev, Lee, Chen // Materials 2021
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HW3KoNoporosblt MMKpPONa3ep Ha OCHOBE CBA3aHHOIO COCTOAHMUSA
B KOHTMHYYME Ha MeTanoBepPXHOCTU C peLleTOYHbIM Pe30HaHCOM

10° .

532 nm pulse laser Lasing

Rh. 6G with DMSO

PL intensity (a. u.)

FWHM (nm)

0.2 04 06 1 2 4 6
Pumping energy (nJ)

MeTanoBepXHOCTh HAaHO-TIAPATIIEIEIIUIIEIOB U3 HUTPUAA KpeMHUS BbICOTOU 227 HM ¢ mepruoaoM 300 HM, MOrpyKeHHAS B
TUMETWICYJIb(POKCHUI, TOMUPOBAHHBIN pogaMUHOM 6G, ¢ THOPUIHBIM PEIIETOYHBIM PE30HAHCOM Ha OCHOBE KBa3U-CBSI3aHHOTO
COCTOSIHUSI B KOHTUHYYME C JUIMHOW BOJIHBI 605 HM (cieBa). I3MepeHHast 3aBUCUMOCTh MHTEHCUBHOCTH Y IIIMPUHBI TUHUU

(OTOJIFOMUHECIICHIIMN OT SHEPTUM UMITYJIbCa HaKaYKH, CTUIONTHAS cepasi JIMHUS MMOJy4YeHa U3 PEIIeHUs] CKOPOCTHBIX YPaBHEHUM,
Ha BCTaBKax — MOJSIPU3AIMOHHAs IMarpaMMma U n300paKeHHe B ONTHYECKOM MUKPOCKOIIE (CIipaBa)

Yang J.-H., Huang Z.-T., Maksimov D.N., Pankin P.S., Timofeev L.V. ... Chen K.-P. // Laser & Photonics Reviews, 2021. T. 15. Ne 10. C. 2100118. (Impact Factor WoS — 13.138)



doToaeTEKTOP Ha MEeTanoBepXHOCTU N3 repMaHma
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Figure 1. (a) Schematic of the Ge metasurface photodetector. A Ge metasurface is aligned to Au electrodes. (b) SEM image of the Ge 400 600 800 1000 1200 1400 1600
metasurface from a top view. Wavelength(nm)
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. Min Figure 6. Measured responsivity of the Ge NAs and the plane Ge
x (nm) x (nm) X (nm) film at different wavelengths. The dots are experimental data; the
Figure 3. Electric field distributions of (a) nonoverlapping resonance with P, = 800 nm (EDLR at ~1400 nm on the left-hand side and MDR black and red solid lines are fitting curves.

at ~1550 nm on the right-hand side) and (b) overlapping resonances at ~1550 nm with P, = 940 nm.

Zhou Z.-X., Ye M.-J., Yu M.-W.,, Yang J.-H., Su K.-L., Yang C.-C., Lin C.-Y., Babicheva V.E., Timofeev |.V. and Chen
K.-P. /I ACS Nano, 2022, acsnhano.1¢11326. (IF WoS/SJR — 15.881/ 16.242, Q1)



YnpasaeHUM Ny4YKOM CBETA C MOMOLLbIO METANOBEPXHOCTH
Ha OCHOBE TaMMOBCKOIO M/1a3MOH-NONSPUTOHA
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(a) CxemaTunyeckoe nsobpaxeHue nccnegyemon CTpykTypsl. (b,c) PacnpegeneHue Hocutenen sapaaa u
ON3NEeKTPUYECcKon NPOHNLIAEMOCTM NO TOSLWKMHE nneHkn ITO B 3aBUCUMOCTU OT NMpUKnagbiBaeMoro Hanpsi»keHus

Bikbaev R.G., Maksimov D.N., Chen K.-P. and Timofeev |.V. Double-Resolved Beam Steering by Metagrating-
Based Tamm Plasmon Polariton // Materials (Basel), 2022, V. 15, P. 6014. (IF WoS/SJR — 3.623/ 3.682, Q1)



[IncKpeTHOe ynpasieHnn Ny4YKOM CBETA

a) 1.0 C)
§ 0.8 5 I I
S 0.6 -
g 04 — TL
g 02 —
0.0 +— — N\ , |
1.50 1.|52 1.154 1.I56 1.|58 1.60 I I l I

Wavelength (mkm) oV
by d)

© 200 - A=1550nm o ®
S 150 ®
$ 1007 & T 2>
© 50 - \ 2 O
= 7] . DBR ITO Al203 A -
D— 0 — . graphene o ’ GJ

1 T T 1 ™ T T 1 e

0 1 2 3 4 ) _

Applied bias(V)

(a) CnekTpbl OTpaXXeHUs uccrieayemMon CTpyKTypsbl; (b) 3aBUCMMOCTL (basdbl OTpaXeHHOM BOSHbI OT BEMMUYUHDI
NPUNOXEHHOIO HaNPXXeHUs; (C) cxemaTnyeckoe n3obpaxeHne nepecrtpampaemon gasoBon AMdpakuMoOHHON
peLweTku; (d) MHTEHCUBHOCTU AN PaKLUNUOHHBIX MaKCUMYMOB MNPU pasfiNdHbIX 3HAYEHNAX Nnepuoga peLleTKu.



YagoeHwe paspeLleHnsa npu ynpasaeHnm Ny4kom ceeTa
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(a) Tpu Tnna pacnpenenenns gasbl BAONb METAnoBepxHoOCTH; (b) cxematnieckoe n3obpaxeHne CTPYKTYypbl C
NPOM3BOSIbHBLIM pacnpeneneHnem asbl BOOMb MOBEPXHOCTU; (C) NUHTEHCUBHOCTU ANMPAKLUNOHHBLIX MAaKCUMYMOB.



3aKo4yeHue

* OnmuyecKue MamMMmOBCKUE COCMOAHUA BO3HMKAIOT Ha rpaHuue AByx cpend, obnagarowimx
6pParroBCKMM MO0 METANIMYECKUM OTPAXKEHUEM, TAKUX KaK (POMOHHbIE Kpucmansasl W
memanosepxHocmu. [1poAeMOHCTPMPOBaHA BO3MOXHOCTb 6e33epKasbHOro OTK/IOHEHUA .
CBETOBOrO MNy4Ka C MOMOLLbID METaNOBEPXHOCTU, COMPAKEHHON C MHOFOC/IOMHbIM T
AV3IEKTPUYECKMM 3EPKANOM.

nagaoLmin CBeT

e da3on OTparKeHHOW CBETOBOW BOJIHbI MOXHO YNpPaB/ATb, WU3MEHAA TMPUJOKEHHOE K
cepebpssHOM  HaAHOMO/MOCEe  HanpAXeHWe, 33 CYET U3IMEHEHMA  AUSNEKTPUYECKOM
NPOHULLAEMOCTN TOHKOM MOANOXKM M3 MPO3PavyHOro NPOBOAALLEro oKcnaa nmbo Kuakoro
Kpuctanna. MIlameHeHne nepuoga peleTku npuBoamuT K 3HaumtenbHomy, Ao 30 rpaaycos,
M3MEHEHMUIO YINI0B NepPBOro nopsigka Andpakunm, a HeCMMMETPUYHOE pacnpegeneHne ¢asbl
BAO/Ib METANOBEPXHOCTU NO3BOASIET 40OUTLCA yOBOEHUA pa3pewieHuUs YCTPONCTBa.

1. Zhou Z.-X., Ye M.-]J,, Yu M.-W,, Yang J.-H., Su K.-L., Yang C.-C,, Lin C.-Y., Babicheva V.E., Timofeev |.V. and Chen K.-P.
Germanium Metasurfaces with Lattice Kerker Effect in Near-Infrared Photodetectors // ACS Nano, 2022, acsnano.1c11326.
(IF WoS/SJR — 15.881/ 16.242, Q1)

2. Bikbaev R.G., Maksimov D.N., Chen K.-P. and Timofeev |.V. Double-Resolved Beam Steering by Metagrating-Based Tamm
Plasmon Polariton // Materials (Basel), 2022, V. 15, P. 6014. (IF WoS/SJR — 3.623/ 3.682, Q1)

PH®-MHT Ne 22-42-08003, ¢ HaunoHanbHbIM yHUBepcuteTtom AH-MuH Yao-TyH, TannBaHb,
«MeTanoBepxHOCTN HA OCHOBE TOMONMOIMMYECKN YCTOUYMBLIX TAMMOBCKUX MS1a3MOH-
NONAPUTOHOB Ans 6e33epKarnbHbIX TNOAPOB U MHTENSEKTYarNbHbIX TENTEKOMMYHUKALMN»



OTK/I0HEeHMe CBETOBOrO Jly4a MeTanoBepxHocTbio (Beam steering)
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Park Junghyun 2021 Nature Nanotech - All-solid-state spatial light modulator for LIDAR



4[1-pOTOHMKA B NPOCTPAHCTBE U BPEMEHM

A B Theoretical concept behind the frequency-

Y e T gradient metasurfaces. (A) Schematic of a phase-
gradient metasurface capable of redirecting an
incident plane wave toward a new, fixed direction
by tilting the optical phase-front. (B) Schematic of

N\

R e . T a frequenc_y-gr_ad|ent met_asurface that naturfally
= T = keeps reorienting the optical phase-front as time
- A vote s - A alon o - . .
RSB wee a0t progresses, facilitating continuous dynamic beam
Phase-gradient Metasurface Frequency-gradient Metasurface . . .
(Static Beam Steering) (Dynamic Beam Steering) steering. (C) Hlustration of the lightmatter

interaction between a frequency-comb source and
a passive metasurface, in which the metasurface
maps each spectral line of the frequency
components into a spatial optical mode

[a,, — b,(r)], generating a spatiotemporal optical
pattern b(r,t). (D) Light generated at different
time instants by our designed frequency-gradient
metasurface, consisting of 41 cylindrical sources
(2N + 1 =41; N = 20), a separation between

C D 4
yA ik i
G(I‘-I‘n) g ol e~|(r),,t
r.=(0,nd)

500 um

r=(xy)
=(r cos8, -r sinb)

500 um sources d = 360 nm, a center wavelength of lo =
720 nm (wo = 200 x416.66 THz), and Dw = 2p x
100 GHz.

A. M. Shaltout, K. G. Lagoudakis, J. van de Groep, S. J. Kim, J. Vu€kovié¢, V. M. Shalaev, and M. L. Brongersma,
"Spatiotemporal light control with frequency-gradient metasurfaces," Science 365, 374-377 (2019)



