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WP1 METALLIC :

WP1.1 Open Structure Design 0.1 THz 0.2 THz i

WP1.2 Open Structure Characterization ? —

WP1.3 3-cell cavity design

WP1.4 3-cell cavity characterization

WP1.5 Molybdenum deposition

WP1.6 Molybdenum characterization

WP1.7 Triple choke cavity Design

WP1.8 Triple choke cavity Characterization

WP1.9 MO701 two-half long. EBW Design & Fabric. | |

WP1.10 MO701 two-half longitudinally EBW Char. i

WP1.11 Flat Surface Characterization _ _

WP1.12 Curved Surface Characterization % |

WP2 DIELECTRIC

WP2.1 2D PC Desgin i i

WP2.2 2D PC Characterization , |

WP2.3 Phase-Reset-Device Design

WP2 4 Phase-Reset-Device Characterization i _

Gennaio 2016 — Aprile 2017
WP2 DIELECTRIC

WP21 2D PC Design. INFN-"Gruppo collegato di Brescia'




Photonic LASER driven accelerator

Single-layer accelerator. Gray material is silicon and blue material is a

low dielectric material.

B. Naranjo, M. Ho, P. Hoang, S. Putterman, A. Valloni and J. B. Rosenzweig

Los Angeles, CA 90095-1547, USA

UCLA Dept. of Physics and Astronomy



Photonic LASER driven accelerator
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Cristalli Fotonici
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m La periodicitainduce bande difrequenza proibite

=" 'inserimento di difetti nel reticolo localizza il campo nei pressi degli stessi
- Strutture complesse: necessita di metodi numerici



Cristalli Fotonici

Fibra a cristallo fotonico Guida a cristallo fotonico
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« Confinamento maggiore

« Raggi di curvatura minori

e, * Dispersione arbitraria * Dispositivi fotonici integrati



Cristalli Fotonici: Funzionamento

* La periodicitainduce bandedifrequenza proibite

 Linserimento didifetti nel reticolo localizza il campo nei pressi degli
stessi

e Strutture complesse: necessita di metodi numerici
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Introduzione

* Le guide a cristallo fotonico consentono di
ingegnerizzare la relazione di dispersione dei modi
guidati

* Velocita di fase e velocita di gruppo “accordabili”

* Concetto chiave nelle interazioni a piu onde e nel
phase matching (ottica non lineare e amplificatori
parametrici)

| metodi numerici sono strumento insostituibile
 MIT Photonic Bands package (MPB)
* COMSOL
e CST
* In house developed codes (FEM)




Esempio: PCF COST exercise (1)

Extracted profile
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PCF COST exercise (2)

1st mode
PCF Ex Ey Hx Hy
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PCF COST exercise (3)

Effective indices Birefringence
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PCF COST exercise (4)

Second-order dispersion
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High-birefringent fiber (1)

* Triangular lattice, pitch 1.04 um, holes diameter
0.42 um, 3 removed holes

— LPUB group: experimental and numerical study of
modulational instabilityin PCFs
» Key parameters:[3,and 3,

o

500 520 540 560 580 eececececcceeoe
Wavelength [nm] e e 0 0000 0 0o

el




High-birefringent fiber (2)

* Extracted refractive index profile

I MPB input profile
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High-birefringent fiber (3)

1st mode

2nd mode
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High-birefringent fiber (4)
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Second-order dispersion [pszlkm]

High-birefringent fiber (5)
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High-birefringent fiber (6)

Effective area
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Exercise definition

= Starting point: thresholding of SEM images,
edge detection, spline fit

= Black lines: edges of the air holes
= Blue regions: air
= White regions: silica
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. = Sellmeier model for s

Numerical method

* Plane-wave expansion method
— MPB (MIT Photonic Bands package)

= Computational

window: 10 um x 10
um
= Grid size: 640 x 640

t
= Resolution: 64 = °
pixels/um, uniform
grid

silica

X [um]




Propagating mode shapes (1)

* Mode 1, “HE,;-like”, A= 1550 hm
— N = 130534, Aeff =1.826 umz

Y [um]

P, (intensity)

Electric field




Propagating mode shapes (2)

* Mode 2, “HE;-like”, A= 1550 nm
— N = 130454, Aeff =1.8135 l.lmz

P, (intensity)

Electric field




Propagating mode shapes (3)

* Mode 3, “TM,;-like”, A = 1550 nm
— neff= 119253, Aeff = 3.7598 IJ.mz

P, (intensity) Electric field

y [um]




Propagating mode shapes (4)

* Mode 4, “HE,;-like”, A = 1550 nm
— neff= 115643, Aeff =4.0219 |.,lm2
P, (intensity)

y [um]

Electric field




Propagating mode shapes (5)

* Mode 5, “HE,;-like”, A = 1550 nm
— neff= 115252, Aeff =3.6320 I.lmz

P, (intensity) Electric field

Y [um]




Propagating mode shapes (6)

* Mode 6, “TEy;-like”, A = 1550 nm
— N = 114160, Aeff = 3.8150 lJ.mZ

P, (intensity)

Electric field




Effective indices
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Chromatic dispersion
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Strutture guidanti

* |nserendoundifetto lineare nella struttura cristallina si crea
una guida d’onda.

|| difettosicrearimuovendounalineadicolonneovariandone
il diametro.




Struttura quadrata di cilindri in aria
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Struttura quadrata di fori quadrati
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Membrane sospese

sl Optical sensor (NNL, Lecce)
{GaAs)

sacrificial layer {|
membrane | ‘
polymer
membrane |

sacrificial layer {

substrate
{GaAs)

EHT =10.00 kV Signal A = InLens Date :12 May 2006
WD= 7mm Aperture Size =30.00 um  Time :11:13




Optical sensor based on coupled double
PhC membranes
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Optical sensor based on coupled double
PhC membranes TRRT

Fabry-Perot
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Photonic crystal directional couplers

E(x,z)=¢€,(x,2)+A¢g, (x,2)
E(x,z)=€,(x,2)+ A€, (x,2)




Photonic crystal directional couplers

Single waveguide

Waveguide coupler
0.3 Z

‘ Z Ng=3.4, ng,,=1.5, r= .

0O 01 02 03 04 05
(k a)/(2 1)

Photonic crystal waveguides:
the mode shape
is periodic along z
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E(x,z) =e(x,z)exp(-ikz)
H(x,z)=h(x,z) exp(— ikz)



Photonic crystal directional couplers
dA(z)

dz
dB(z)

dz

+1iy A(z)= iCB(z)

+1iy B(z)= iCA(z)

W 0 (k+1)L, £
C=ﬁfdx f dZ(E—ga){é;_'EbJ_+_bE:z.Ebz}
a "z —ow kL. £

I, = 2}dx € xh ).




Photonic crystal directional couplers

Coupling coefficient
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Photonic crystal directional couplers

C > 0 (the fundamental mode of the coupler is even) B -8

C < 0 (the fundamental mode of the coupler is odd) 2

0 0.1 0.2 0.3
(k a)(2 )




Photonic crystal directional couplers

C > 0 (the fundamental mode of the coupler is even) B -8

C < 0 (the fundamental mode of the coupler is odd) 2

0 0.1 0.2 0.3
(k a)/(2 7)
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0.3

(k a)/(2 7)

0.2

0 : zero discrete diffraction
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(02 2)/(e )

Photonic crystal directional couplers
C=
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