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Métamatériaux à biréfringence extraordinaire 
pour le THz, le µonde et le visible



Phys. Rev. + JOSA + OC + …..
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Réseaux d’ouvertures sub-l dans un écran opaque avec
transmission collective > somme des transmissions par chaque ouverture 

T. Ebbesen et al, Nature 391, 667-69 (1998) 

Film en Or
Epaisseur : 250nm
Rayon : 100nm
Période : 600nm

l(nm)
Surface Trous

8%
Surface totale



Contexte:



Contexte:

Ouvertures coaxiales!
Transmission by guided mode through the aperture

Because coaxial waveguide has a guided mode (TEM mode) without cutoff

F. Baida et D. Van Labeke, Opt.Commun., 209 (2002) 17-22.
A. Moreau et al., Opt. Express, 11 (2002) 1131-1136.
F. Baida et al., PRB, 67 (2003) 155314. 
W. Fan et al., Phys. Rev. Lett. 94 (2005) 33902.

Silver layer
Thickness : 150nm
Inner radius Ri = 50nm 
Outer radius Re= 75nm
Period : 300nm 3



Contexte:

Silver structure

ed = el =1

a = 300 nm

Re=75nm

Ri=50nm

milieu de transmission

milieu d'incidence
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Fabry Perot

F. Baida et D. Van Labeke, 
Opt. Communications 209 (2002) 17-22.
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Thz and microwave metamaterials: anisotropic plates

Motivation: THz pas d’absorption



Adressage sub-l (fab. & carac.)

6

l/3

A. Ndao et al., Appl. Phys. B, 106 (2012) 857-862
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1st RA

2nd RA

Anisotropie artificielle
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half-wave plate with 92% transmission & Dn=0.76

lw

How to build quarter-wave plates ?

F. Baida et al., Phys. Rev. B , 84, 035107 (2011)

Lames l/2 THz



Lames l/4 THz
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How to build quarter-wave plates ? 

tx=ty
PD=
PD=/2
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Lames l/4 visible



14J. Dahdah et al., Photonics Journal, IEEE , 4, 87-94, 2012

Transmission up to 83% in the visible
range with realistic structure made in 
silver on glass substrate with Dn=0.75

Lames l/4 visible
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Metamaterials: Optical Activity without Chirality
E. Plum et al., Phys. Rev. Lett., 102, 113902 (2009).

Weak transmission, not tunable, … 

Et les rotateurs ?? Chiralité

µondes – bandes C-X-Ku
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A pseudo-planar metasurface for a polarization Rotator
W. Zhang et al., Opt. Express, 22, 10446 (2014).

Et les rotateurs ?? Chiralité

Thz



Rotateur optique 
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2 l/2 plates # optical rotator
BUT: A well known property for opticiens:

Large distance between the two plates
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Modeling of the cascaded structures :

B) Thz and microwave metamaterials: Optical Activity
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Transmission Jones matrix in the circular polarization basis  
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Catalogue de structures

l/2 à f= 428GHz
h=475µm, p=572µm, ax=418µm, ay=332µm, bx=57.2µm, by=114.5µm, cx=38.3µm, cy=257.56µm

l/2 à f= 625GHz
h=326µm, p=392,5µm, ax=286,5µm, ay=227,6µm, bx=39,3µm, by=78,5µm, cx=26,3µm, cy=176,6µm
l/4 à f= 416GHz
h=475µm, p=593,5µm, ax=445,1µm, ay=359,4µm, bx=59,3µm, by=118,7µm, cx=89,0µm, cy=163,2µm

l/4 à f= 605GHz
h=326µm, p=407,5µm, ax=305,7µm, ay=246,8µm, bx=40,7µm, by=81,5µm, cx=61,13µm, cy=112,0µm

Longueur d ’onde de travail : ~520 µm, 
fréquence 577GHz
h=326µm
p=300µm
a=80µm
b=80µm
c=60µm
d=40µm
w=20µm

Longueur d ’onde de travail : 651 µm,
fréquence 461 GHz

h=326µm
p=300µm
d=46µm
a=23µm
A=d/(2p)=7.32µm

Structure à double C 
présentée en affiche ….

Dn=1,52
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