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Popularization of optical phenomena in Tunisia

* Photographic workshops including
conferences and trainings.

+ Set up and use a camera obscura by means
of only sheets of paper.
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Medieval refraction - Al-Haytham (X-XIt* century)

Light is universal
— Light coming from the sun, reflected by the
moon, emitted by fire, reflected by a mirror or
focussed by a lens, is light and it undergoes the
same effects and phenomena.
Image formed on the retina is inverted
— implemented the camera obscura (dark cabin:
gamara: s<8) to experimentally prove that rays
travel in straight lines and that the image is
reverted like the retinal image.
Names of the optical components of the eye

— They are indeed Ibn-Haytham’s appellations:
cornea (A4l ), retina (RSl ), Vitreous

Dingram Thtzaing Priociple o the Camer Obscura, MS liarrion
o 3 Rt o Fari,

Humor (3 Sl ), Aqueous Humor (Jd ™z
. 5 o A et g s
), ete e T e

e e T
o 12 oo ad e sight b wa e paching e el o
Zghal, Bouali, Ben Lakhdar, Hamam, ETOP’07 e M i e

http://spie.org/etop/2007/etop07fundamentalsIl.pdf
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SUPCEM In brief

Engineering School ICT
University of 7th November at Carthage i

Ministry of Communications

Nb of Eng/year

40
20

2 years
Preparatory institutes (national exam)
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SUP'C&M In brief

Gazala
TechnoPark
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PHOTONIC CRYSTAL FIBERS

Outline

* Photonic Crystal Fibers

* Analysis of the fundamental mode

* Birefringence
* Chromatic dispersion
* Cutoff wavelength

* Applications: Supercontinuum Generation

* Conclusions

mourad.zghal@supcom.rnu.tn
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Triangular Lattice

Hexagonal Lattice
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Total Internal Reflection Effect

_’&'_ Microstructured/Photonic Crystal/Holey]
Fibre

N

Core: silica

TIR

Core: air

$

hotonic BandGap Effect

$

PBG
Photonic
Bandgap

Fibre
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. /'\//' Conventional Fiber ORC
/ Guidance by TIR

Southampton

PRINCIPLE OF GUIDANCE IN PCFs

. "
7 core cerect Holes don’t
i Total internal reflaction need to be
n, - ! . .
A PCF e ttaang resn = periodic !!!
S22
— eSS —
s = == Holey Fiber
T Guidance by Modified-TIR
S PBG Fiber Y
— Guidance by PBG Effect
Reference: Single-Mode Photonic Band Gap Guidance of Light in Air, R. F. Cregan et al., 1999
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Solid-core Photonic
Holey Fibers Bandgap Fibers

Endlessly
single-mode
['T. A. Bitks ez al.,

Opt. Lett. 22,
961 (1997) ]

Exotic
profiles

Fibers (HNL)

Large Mode ki

EXPERIMENTAL REALISATIONS

3 : 490
I sed /incar fiber | i - :c:; .
Y':" -
=N
[J. C. Knight ¢ al. [ Wadsworth ¢ al,
Elec. Lett. 34, j ]OJ”AZIS g;)
1347 (1998) | m_( 0 )]
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CHROMATIC DISPERSION
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Dispersion properties of PCFs A d2neﬁ
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Adjust the ZDW by changing d, A Dispersion compensation

Shift A »Short A Pulse compression
Zghal, Chatta, Bahloul, Attia, Pagnoux, Roy, Melin, Gasca, SPIE Proc. Vol. 5524, 313-322, (2004)
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Very large mode area fibre in the blue

*  cediameter 22 MidoRt.,
@ blue ﬁSE nml mode

* core area ~20 times larger than
possible in conventional fibre

@ control of index better than ~20

ppm would be required in MCVD

* high power applications:
& _advanced telecommunications
re lasers & amplifiers
@ laser machining
@ laser surgery

AN-22"Y1eg@ [pssnar(sd “yieg Jo Ausiaaun “lIRssy difiyd

d=1pm
A=11pym

Knight et al, Electron. Lett. 34 (1347-1348) 1998
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ANALYSIS SIMULATIONS

FINITE ELEMENT METHOD (FEM)

Effective Index

Effective Index computed by FEM, GM for
different d/A at Different A.

zD 2 b

800 1000 1200 1400 1600 V = —(Ngyre = Ngjag )
1,455 {. 8 . : $ 1455 A
1,450 1450
1,445 1445 o A
1,440 - 1440 So Cladding

dispersion helps

1,435+ 1435

fibre to remain
1430 single-mode, over
an infinite

—=— FEM d/A=0.27
1430d —1—GM din=027
' —e— FEM d/A=0.44
——GM d/A=0.44

BT L FEmdn=027 1425
1az0] —GM dn=027 1420 frequency range
: —v— FEM d/A=0.44
tars] T OM dns04e s Endlessly
T T T T T H
800 1000 1200 1400 1600 Singlemode

Wavelength (nm)

Strong variation of the effective index Vs wavelength for large d/A

Zghal, Chatta, Bahloul, Attia, Pagnoux, Roy, Melin, Gasca, SPIE Proc. Vol. 5524, 313-322, (2004)
PPN
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of the border
Parallax .
Problem . .ee8 @
Uncertainties

FINITE ELEMENT METHOD FEM

- Influence of the
1 mesh

i NI

- Determination

SEM Image

=

Determination
(HE11x, HE11y)
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PHOTONIC CRYSTAL FIBER COUPLER

BIREFRINGENCE

Wavelength /Polarisation splitter
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Dual core PCF

L=2520pm

N A

d =0.5Uum, A=2.5um, d=1.2pm

Vi
i

A/~1.55Um=>L =252im

Puissance normalisée (Cocurl)

V
iy

4,=1.47pm=>L =280pm

Zghal, Cherif, Bahloul, Optical Engineering, 46, (9), 2007

1500 20 500 3000

T $ L P M
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BIREFRINGENCE

an

Measurements show that
regular PCF can show High
Birefringence

7/3 Symmetry

Phase Biref :

B(p ﬂx_ﬁyzo

Groupe Biref (B)) : B, =B, —ﬂd—/{’

Stress

— B(/i=9,3e-5

Shape distorsion

...-.-..“< —>B , =1e-3
3

Regular geometry

mourad.zghal@supcom.rnu.tn

72}

B(P et B‘P < B(”

1 2 3

> Origin of B(p‘?
3

hape 7 Stress ?
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ANALYSIS SIMULATIONS

Measured and calculated group Biref.
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BIREFRINGENCE

Experimental Study of the birefringence ks %

single mode fibre

| Broadband spectrum I

source |
polariser
analyser
$M$ HF under test $H$
multimode fibre
Optical
spectrum
analyser
2.5
2.01
=S 1.5
=
2 1.0 -dh
=3
[
0.5
oo VV VAN
1530 1535 1540 1545 1550
Wavelength (nm)
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BIREFRINGENCE

BIREFRINGENCE
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Labonté, Pagnoux, Roy, Bahloul, Zghal, Optics Communications, 262 (2) 180-187, 2006 i
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Biréfringence de groupe

=oh IR

0 200 400 600 800 1000 1200 1400
Température (°C)

Effect of temperature (stress)

* Inner Stress influence:
Negligible variation with T

» Strong influence of the
geometry (shape)

+ Careful control of the
manufacturing process (15t
corona)

s U P &M

Real structure B=1.37 10~

Slight geometrical imperfections

Shape defect: Elliptical hole
1% corona: B=7.95 10~
2" corona: B=1.4 107

M. Zghal et al. IEEE Canadian Review, Vol 54, (2007).
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d/A=0,75

A= 0,98 um

Determination of the cut-off wavelength of PCFs

Labonté, Pagnoux, Roy, Bahloul, Zghal, Melin, Burov, Renversez, Optics Letters, 31, (12), 1779, (2006)

* NL processes in PCF with a small core surrounded
by rings of large holes

+ ZDW shifted toward short A

*The endlessly single-mode condition not fulfilled

* A cutoff A must be precisely determined

| 650
03

502!
L

“Based on the measurement of
higher-order modes’ differential
loss versus the fiber bending
radius

“*Higher-order modes in High : e
NA PCF are much less

sensitive to bending than in _

SMF A= 1.55um

23
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| chip laser

| Continuum

Cooled
InGaAs
detector

fiber under test
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Fundamental mode @ 1550 nm
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mode filter
{rotation
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N
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Nivs

Large core Concave

multimode fiber  mirror
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(modulation at f.)

Niveau (dBV)

E] &
Fréquence (Hz)

s

TEO1 mode @ 835 nm

%0 Avee caleul analytique :

Puissance transmise
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Evolution de D
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LOSS MEASUREMENTS

level (dBV)

level (dBV)

A=1550nm

Jume 1, 2004 £ ¥el, 31, No. 12/ OPTICS LETTERS 1770

Accurate measurement of the cutoff wavelength in
a microstructured optical fiber
by means of an azimuthal filtering technique

A=1350nm

Frequency (Hz)

mourad.zghal@supcom.rnu.tn
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1500 1600
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Wattmeter

Source lSSGqu

Fibre
Single mode

=
ol

ﬂ Splicer

SMF PCF

PCF under

test

JusWUBIesIW asiaAsuel |

M. Zghal et al. SPIE Proc.

5830, 536-540, (2005).

mourad.zghal@supcom.rnu.tn

SU P CEM

26

13



SUPERCONTINUUM GENERATION

DISPERSION PROPERTIES

Spectral intensity [dBm]

Isolator ]
Tsunami, Y )
Ti-Saphire .I- - } .
R Focusing A
700-860 nm  Power }. Objective
80 Mhz controller lens : x100
110fs Piezoelectric

driver

Pumping wavelength = 805nm

Numerical spectrum ntinuum is quite beautiful!

Experimental spectrum

"0 700 800 900 1000 1100 . . . . .
Wavelength [nm] Norrna..l dlspermonv regime: SPM is .leadmg to a

ultra-wide symmetric spectral broadening,.

s | P CEM m—
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A =3.82 um? RVEN

300 T T T ™ T ™ ]
= o Ay=3.26um’ [Ko0
~ 2004
-E LPo1
£ 1004 i Ag=346um> Mg
2 o
c
S -1001 i Mcutotr s = 1300 nm
8 200 .
8 Acutofrzr = 830 nm
B 300 i
Q
© - B B
£ 400
% -500 1 s

400 600 800 1000 1200 1400 1600
wavelength [nm]
Azp,on = 840 nm Azp11 = 660 nm Azp,2 = 600 nm

The PCF presents a wide range of wavelengths in which the LP,,
mode experiences normal dispersion, whereas LP;; and LP,
propagate in the anomalous dispersion regime.

Cherif, Zghal, Tartara, Degiorgio, Opt. Express 16, 2147-2152 (2008)
.
T —  $, || P G:/M_
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SCG BY FONDAMENTAL MODE

PROPAGATION MODELING

Pump wavelength 850 nm = Anomalous dispersion regime of the
fundamental mode

P=50mW
25 ——P=100mW

e
37 \‘x Far field with decrease of power
5] \(f\ Mp [\ from left to right
-40 V\/\pf
454
-50 -
554
60y T

T T T 1
400 600 800 1000 1200 1400
Wavelength [nm]

* At 50 mW: the peak around 920 nm is the first soliton formed and
subsequently self-frequency shifted to longer wavelengths as the
pumping power is increased.

Spectrum [dBm]

* Dispersive wave generated in the blue side of the spectrum.
e ¢, | | P G‘&!!;‘-.f\_
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Generalized Nonlinear Schrddinger Equation (Standard NLSE)

U (z,t—t")

Fm-1 m H i
@:_EU_Z%ﬂ+jy(l+ ! ;JX[U(ZJ)IRU')

oz 2 = m  ot" ,

2dt’]

Loss  Dispersion Kerr Self steepening Stimulated Raman Scattering

-, T,

0.05 01 0.15 02 025
,
* For short distances the spectrum exhibits features due to SPM.
* The soliton is further red-shifted due to SRS.
s S U PG\
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SCG BY HIGH ORDER MODE

SCG BY HIGH ORDER MODE

o

o

alized spectral intensity [dB]
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nol

800 1000 Increasing power

wavelength [nm]

1200 1400

* The zero dispersion is around
600 nm

* The cut-off wavelength of LP,,
is around 830 nm = no

)
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reduced numerical
o 01 —— complete numerical
s experimental
2
‘» -104
o
2
£
E -20 4
°
2
2 -304
el
9]
N
= 4041
£
5]
S -50

T T T T
500 600 700 800

wavelength [nm]
* The cut-off wavelength for the higher-order modes sets a limit to the
spectral broadening on the long-wavelength side.
* the impossibility for the spectrum to broaden to the red side does not halt
the generation of a continuum on the blue side.
* The effects of Raman and self-steepening play a negligible role in the
observed spectral broadening.

*The effect of higher-order linear dispersion is predominant
———————— | P CE\ m—
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PCF concept is having major impact on:

* Fiber optics itself, Non-silica fibers, Dispersion control

* Fiber lasers & amplifiers

L POTERCS TRCMNOLOGY LTI, VOL 20 N0 4, PUBMLCARY 19, 30

. Dynamic Pressure Sensing Study Using Photonic
* Improved Fiber sensors  Crygtal Fiber: Application to Tsunami Sensing

Yogesh Subhash Shinde and Harmeet Kaur Gahir

* Nonlinear optics: SC generation, Solitons at new frequencies, Fsec

pulses in hollow core

* Particle, atom & molecule guidance : Trapping, transport and

manipulation possible

* Improved Gas-laser interactions

RETHINK DEVICE APPLICATIONS OF FIBERS
(Anything you can do PCF can do better)
SU P CEM
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