
Резонансная нанофотоника

Наталия
Салахова

Илья
Фрадкин

Сергей
Дьяков

Николай
Гиппиус

22-12-00351Группа Теоретической Нанофотоники

Центр Инженерной Физики



План лекций

2

1. Резонансная нанофотоника

2. Резонансы в фотонно-кристаллических слоях: 
фундаментальные основы и применения

3. Гибридные резонансы в решетках плазмонных 
наночастиц

С.А. Дьяков
15:00, 26 июля

И.M. Фрадкин
10:00, 29 июля

Н.А. Гиппиус, 10:00, 23 июля



План этой лекции

3

1. Как поймать свет в решете?
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2. Сколько можно считать одно и тоже?!  

3. Как раскалываются резонансы?  
4. Как 

скрутить 

свет

винтом?  
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Свет иногда 

усиливается 

вблизи пленки с 

отверстиями
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Фотонные кристаллы в природе

Опалы: естественные фотонные 

кристаллы, образованные слипшимися 

нано-шариками

На рисунке показаны искусственные 

опало-подобные структуры из  

фуллеренов (слева) и кварцевых 

наношариков (внизу)
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Окраска бабочки



DVD        CD 
размер штрихов       0.4        0.83
                                   (микрон)
ширина дорожки      0.74        1.6
 



DVD        CD 
размер штрихов       0.4        0.83
                                   (микрон)
ширина дорожки      0.74        1.6
 



Fabry-Perot modes

Planar 

Waveguide

guided modes



1 =
22.5 = 200nm

TE and TM modes of planar waveguide

circles: Re{E(k)}        bars:  +/- Im{E(k)}
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21 = 1 =

e = 2.52



1 =
22.5 = 200nm

TE and TM modes of planar waveguide

circles: Re{E(k)}        bars:  +/- Im{E(k)}
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Quasi-guided modes in modulated waveguide
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Quasi-guided modes in modulated waveguide
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Resonances – two S-marix problem
extE

cavE



= 1.   Resonanance = 2*pi*n

Roundtrip phase 
of resonant mode









= 1.   Resonanance = 2*pi*n

Roundtrip phase 
of resonant mode



Roundtrip phase of resonant mode
is smooth function of energy

Resonanance :  Phase = 2*pi*n

reflection: S-pol

reflection: P-pol



reflection: S-pol

reflection: P-pol

Reflection near resonances
is well described
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TE and TM modes 
of corrugated waveguide( ) ( )
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TE and TM modes 
of corrugated waveguide
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TM mode 
of corrugated waveguide
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Reflection near  TM mode 
of corrugated waveguide
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Reflection near  TM mode 
of corrugated waveguide

Akimov AB, Gippius NA, Tikhodeev SG.
JETP Letters 93(8):427 (2011)
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Reflection near  TM mode 
of corrugated waveguide

Akimov AB, Gippius NA, Tikhodeev SG.
JETP Letters 93(8):427 (2011)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)

2( ) ~ ( )G x zE E k k G−
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)



2720 2730 2740
0

0.2

0.4

0.6

0.8

1

Energy (meV)

a
b

s
(S

)

k
x
 = 0.18

-2 0 2
-2

0

2

-0.93+0.12i

1.08-0.62i

Re(k
z
)

Im
(k

z
)

0.1 0.15 0.2
2720

2725

2730

2735

2740

2745  

k
x

 

E
n

e
rg

y
, 

m
e
V

0.1 0.3 0.5 0.7 0.9

54

Reflection of corrugated waveguide (green line) and 
the approximations with

two poles (red dashed line) 
and one pole (thin lines)
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Resonantly enhanced Wood-Rayleigh anomaly

Reflection as function of 
KZ - the ’sunrise’-harmonic 

propagation constant in vertical direction
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Выводы -1
интерполяция парциальных матриц 
рассеяния и линеаризация резонансной 
фазы позволяет достаточно точно 
описывать резонансы в составных системах
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Выводы - 2: 
Спасибо за 
внимание !!









By exploiting the anisotropy of As2S3, we 
have designed cavities with both 
constitutional and configurational chiralities. 

For both types of cavities, we simulated the 
field distribution of left-handed and right-
handed incident waves within the region 
between the mirrors. At resonant gap sizes, 
we observed a linearly polarized standing 
wave with a polarization direction twisted in 
a helical shape, resulting from the 
interference between counter-propagating 
circularly polarized waves of the same 
handedness. 

These chiral Fabry-Pérot cavities can be 
adjusted to match the technologically 
available distance between the mirrors by 
appropriately tuning their twist angle.


