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3aTyxaHue NMOBEPXHOCTHLIX MNa3MOHOB
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PaccefaHue Ha LLePOXOBaTOCTAX
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TeopeTuyeckaa oueHKa ANUHbI
pacnpocTpaHeHUA NNa3MOHHOW BONHbLI
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TeopeTuyeckasa oLeHKa nokanusawuuu
nNasMoOHHOW BONNHbLI
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OCHOBHbLIE napamMmeTpbl MNadMOHHbLIX
BONMTHOBOAOB

NnnHa pacnpocTpaHeHms NAa3sMOHHOMN BO/HbI

[TonepeyHbin pasmep BOAHOBOAA, Ppasmep Moabl

[MponycKkHas cnocobHOCTb, AUCNepPCcHa rpynnoBoOn CKOPOCTU

FoM (figure of merit)~ Lo, /+/ Smode



OCHOBHbIE BUObI NNMa3MOHHbIX
BONMTHOBOAOB

BonHoBOAbI AN3NEKTPUK-MeTann-gnanektpuk (LRSPP waveguide)
BonHoBoabl meTann-gnanektpuk-metann (Gap SPPs waveguide,
channel waveguide)

[nanekTpuyeckme Harpy*KeHHble BONHOBOAbI

[MbpUaHbIE NN1A3MOHHbIE BO/IHOBO/bI

SPP guided by metal stripes

Nanowire plasmonic waveguides



BonHoBOAL! AN3NEKTPUK-MEeTaNN-AU3NEeKTPUK
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BonHoBOAb! AU3NEKTPUK-METaNN-AuaneKTpuk

Mode effective index

Fig. 2. The effective indexes of SPP modes and their propagation lengths at the excitation light
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wavelength of 775 nm for a thin gold film surrounded by air.

Bozhevolnyi S. I., Sendergaard T. General properties of slow-plasmon resonant nanostructures: nano-
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BonHoOBOALI AU3NEKTPUK-METann-AuaneKkTpuk
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Experimental measurements of the propagation loss dependence on the
thickness of the 8-m-wide stripe at the wavelength of 1550 nm

Boltasseva A. et al. Integrated optical components utilizing long-range surface plasmon polaritons
//Journal of Lightwave technology. — 2005. - T. 23. — Ne. 1. - C. 413,



BO.I'IHOBOBI:I AUIANEKTPUK-MEeTann-aunanekKTpuk

12 ym BCB (n=n, £ An)

Go'd L | 1 1 1 ' 1 L L] L] 1
= 28 P~ -
12 ym BCB (n= 1.535) o VO ‘
— 24+ t=14nm 4
Si-Substrate (n = 3.47) E - T = experiment :
O 16} . |
—_ =10 nm An=0 = ] a10 ' 1
£ 6 120 © 12+ e, o Sos ;A\ 1
S e [ LR £ 06 F t‘ 1
o i — I L gl 04 fX U
— F = m 02 -
7 — ' goo - N
%) 4 £ 45105 0 5 10 151
o 4L i8 » = Lateral coordinate (pm) 4
oo e— 0 PO DETCI [T VGEE DYSPYES JIPY N MEPOA [EWI) TEDWEA BEY WO ey o
.g I 0 2 4 6 8 10 12 14 16 18 20 22 24
(] . 10 5 0 5 10 3 | . A
o 3 W\ Ve comnie )/ 7 Stripe width (um)
m X \
Q. - film thickness 1
o —15nm 2
o o p— 10nm N .- 7 16
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006 Lateral mode-field diameter (MFD)

Refractive index difference, A n

Dependence of the LR-SPP propagation loss on the refractive-index difference
between two polymer claddings



BonHoBOAb! MeTann-AnanekKTrpuKk-metann
Gap SPPs wavequide

e 100
Bup cboky 18% = 1550 nm
| 5. =775nm ® - exact o~
v 1 7 '-'\. A -exact analytlc §
) o analytic —
Bua ceepxy A y N
ksp 0>J 1.5 . 8’
= L AP e 102
O 14 -
Q . O
= -
o 1.3 % =653 nm ©
Q 192 i h Ve S " -exact_ %
é = . PITO analytic 8‘
1.1F" &- -2 TN et
Iallh(kid)l/Z) — _(8dk§ln))/(8n~|k§.d)) TP PP PP PRt e 5 1 =
100 200 300 400 500
(m,d) __ 2 . 2 Gap width (nm
S \/kGSPP Em,akg P Anim)
Figure 6. The G-SPP mode effective index and propagation length
k ke [es + 284+/€4 — &m as a function of the width ¢ of air gap in gold for several light
el y ™ kot (—&m) wavelengths calculated exactly (equation (13)) and with the analytic

expression. Adapted with permission from [40]. Copyright 2008
Mpwun (t — O) kGSPP — OO The Optical Society of America.



BOHHOBOQI:I MeTann-AnanekKTpuKk-merTann
Gap SPPs wavequide
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WIAJNTIEKTPU4YEeCKUe HarpyxxeHHbie BONTHOBOAbI
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Melentiev P. N. et al. Dielectric-loaded plasmonic waveguide in the visible
spectral range //Laser Physics Letters. — 2017. - T. 14. — Ne. 12. - C.
126201.



OduanekTpuvyeckue HarpyXeHHble BONHOBOAbI
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BonHoBOALI 00pa3oBaHHbLIE MeTaNnMUMYeCKuMu

NnNOoNOCKaMM
SPP quided by metal stripes
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[MOpuaHbLIe NNa3MOHHLIE BONHOBOALI
Hybrid SPP waveguides




BonHOBogbl 05Qa3OBaHHbIe MmetTanmimieCKMMu
noNnoCKamu
SPP guided by metal stripes
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(a) SEM image showing the cross section of a 250nm-wide CGS
plasmonic waveguide (left) beside a 600nm-wide Si waveguide for comparison. The Si layer is
340nm high with a 50nm-thick layer of SiO.on top. The plasmonic waveguide is capped with
an extra 50nm-thick gold layer. (b) Top-view SEM image showing the CGS waveguide, the
taper couplers and 1/0 silicon waveguides. (c) Measured values (dots) and fitted curve (blue Wu M., Han Z., Van V. Conductor-gap-
line) of the transmitted powers of CGS waveguides of different lengths. silicon plasmonic waveguides and passive

components at subwavelength scale
/IOptics Express. — 2010. — T. 18. — Ne. 11.
- C. 11728-11736.



Nanowire plasmonic waveguides

Energy distribution. The diameters of
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Experimental measuring of propagation
losses in a Ag nanowire
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Y. P. Wang, Y. G. Ma, X. Guo, and L. M.
Tong, Opt. Express
20, 19006-19015 (2012)

Y. G. Ma, X. Y. Li, H. K. Yu, L. M. Tong, Y. Gu, and Q. H.
Gong, Opt. Lett. 35, 1160-1162 (2010).



CpaBHeHUe NNnasMoOHHbLIX BONHOBOAOB

Waveguide LR-SPPW DLSPPW LR-DLSPPW CPP  HSPPW

A, (um?) 623 0.241 1.16 0.182 0.0588
wo (em) 12.3 0.96 1.51 027 0367
L, (um) 7451 49.4 3125 19.7  26.7

Han Z., Bozhevolnyi S. I. Radiation guiding with surface plasmon polaritons
//Reports on Progress in Physics. —2012. —T. 76. — Ne. 1. — C. 016402.



Open-type wavegquide for SPP waves

groove photons

Ag film




Open-type wavequide for SPP waves




Open-type wavequide for SPP waves

- SPP plane wave
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Open-type wavequide for SPP waves
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Cxema U3MEPEHUA CKOPOCTU Nepeavium MHQOEMGHMM
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N3mepeHue CKOpocTu nepeagavuu uHcopmauuu
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SCULL-meTOAa co3aaHUa MOHOKPpUCTannNUMieckux
cepedpAHbLIX NNEeHOK

SCULL - Single-crystalline Continuous Ultra-smooth Low-loss Low-cost




1-bi 3Tan SCULL-npouecca

Topography
AFM 45x45 nm

21.8 nm (500x500 nm scan) -

RMS =48.127 pm

(Seed crystal deposition)



2-ou 3tan SCULL npouecca

Nominally 35-nm-thick
SCULL silver film (S1)

AFT 2D island seed
crystal after 10 nm
silver evaporation

i AFT 2D island seed

crystal after 20 nm
2™ step silver evaporation

(Continuous film deposition) [ﬁ



ATOMHO-CUNOBas MUKPDOCKOMNUA cepeﬁpﬂublx MNEHOK
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Oudpakumua oTpaXXeHHbIX INeKTPOHOB




Pe3ynbrat UaMepeHUa ANUHLI
pacnpocTpaHeHUA NNa3mMOHHOWU BOMHbLI
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OueHka noTepb Ha Lenax

1st structure period — 40 nm

,(n)

2nd structure period — 20 nm

1,(2n-1)

L,(2n-1) )1/<n—1>

Slit transmission — (
I;(n)
Slit losses ~ 4.8 %



C yyeTtom norepb Ha wenax 4.8 % AnuHa pacnpocTpaHeHUs
SPP ~ 200 * 27 MUKPOH
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AS Baburin, AS Kalmykov, RV Kirtaev, DV Negrov, DO Moskaley, IA Ryzhikov, PN Melentiev, IA Rodionov, and VI Balykin, "Toward

a theoretically limited SPP propagation length above two hundred microns on an ultra-smooth silver surface [Invited]," Opt.
Mater. Express 8, 3254-3261 (2018)



