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Fabrication of fiber-optics components

Applications:  All-fiber light sources
 Optical communications and microwave photonics
 Optical fiber sensors

(1) (2)

(4)

 Optical fiber tapers: fusion & pulling technique  Fiber Bragg gratings and LPG

 In-Fiber acousto-optic devices  Microstructured optical fiber

(3)
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All-fiber dynamic devices

 Silica cylinders have a good performance as acoustic waveguides

 The simultaneous propagation of guided acoustic waves and light permits long interaction 
lengths, enabling full transfer of power between optical modes of the fiber

 The interaction is controlled by the RF voltage that generates the acoustic wave 

 Being all-fiber devices, they can handle high power optical signals

Objective

Excitation of the fundamental flexural 
acoustic mode

Excitation of the fundamental 
longitudinal acoustic mode
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I. Fundamentals and applications
I.1. The fundamental acoustic modes

 The wave equation for acoustic waves in isotropic homogeneous 
media
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  and  are the Lamé coefficients: 
 = c12 and  = c44 (where cij is the stiffness tensor)

  is the density 

 is the vector displacementu


The velocities of propagation of compressional, cD, and 
shear waves, ct:
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The Young’s modulus, E, and the Poisson’s coefficient, :

Fused silica:

 = 1.611010 kg/ms2

 = 3.121010 kg/ms2

 = 2.2103 kg/m3 

cD = 5975 m/s 

ct = 3764 m/s 

E = 7.31010 kg/ms2

 = 0.17

 The solution for a circular solid cylinder
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 The longitudinal acoustic modes

 Boundary conditions (the outer surface at r = a free of tractions):
Trr = Trz = Tr = 0

 Longitudinal modes correspond to n = 0 and u = 0

crel = c/cext , c =  , cext = (E/)1/2

f = 10 MHz, 2a = 125 m
0.17

I. Fundamentals and applications
I.1. The fundamental acoustic modes

JLT 428-436 (1988)

 The fundamental longitudinal acoustic mode

fa/ct

Conclusion: For an optical fiber, 2a ~ 125 m, and at f < 10 MHz, the fundamental 
longitudinal mode will have constant velocity c = (E/)1/2 = 5760 m/s, and the strain 
will be approximatly axial (uz  0 and ur  0)



I. Fundamentals and applications
I.1. The fundamental acoustic modes

JLT 428-436 (1988)
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n = 1

 The flexural acoustic modes

 Boundary conditions (the outer surface at r = a free of tractions):
Trr = Trz = Tr = 0

 Flexural modes correspond to n > 0

 nly for n = 1 there is one mode with no cutoff

crel = c/cext , c =  , cext = (E/)1/2

f = 2 MHz, 2a = 125 m
0.03
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I. Fundamentals and applications
I.1. The fundamental acoustic modes

JLT 428-436 (1988)
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 The fundamental flexural acoustic mode
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I.1. The fundamental acoustic modes

JLT 428-436 (1988)
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 The fundamental flexural acoustic mode

Conclusion: For an optical fiber, 2a ~ 125 m, and at f < 2 MHz, the fundamental 
flexural mode will have a velocity:

and the displacement will be approximatly transversal:
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I. Fundamentals and applications
II.1. Core and cladding optical modes

 Maxwell equations far from the sources
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 Separation of variables
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Conventional optical fibre
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(Ge-doped silica)

125 m cladding
(silica)

 The fiber mode spectrum
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I. Fundamentals and applications
II.1. Core and cladding optical modes

Boundary conditions  characteristic equation
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 Step index optical fiber: core modes

Medium 1: core radius a, 
1 and 1

Medium 2: cladding radius 
b >> a, 2 and 2
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 Characteristic equation: determinant of the system equals to zero
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 Characteristic equation:

Modes TE0m, TM0m and hybrid (HEnm and EHnm, with n > 0)
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II.1. Core and cladding optical modes

Medium 1: core radius a, 
1 and 1

Medium 2: cladding radius 
b >> a, 2 and 2

 Step index optical fiber: LP approximation
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 The fundamental optical core mode
Gaussian approximation
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I. Fundamentals and applications
II.1. Core and cladding optical modes

 Step index fiber: cladding modes

Medium 1: cladding of radius b, 
1 and 1

External medium 2: 2 and 2
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 Representation of the field itensity

LP01 LP11 LP21 LP02

I. Fundamentals and applications
II.1. Core and cladding optical modes

 The modes define a basis of the vector space
Modes are orthogonal: no transfer of power between 

modes is possible 
 The eigenvalues, i.e., the propagation constants, determine 

the phase velocity, de mode index, the group velocity and 
the group index of the modes
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 Effects of strain on the propagation of the optical modes

I. Fundamentals and applications
I.3. Acousto-optic interaction: coupled modes theory

Conventional optical fibre

9 µm core
(Ge-doped silica)

125 m cladding
(silica)
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 There is no transfer of power between modes propagating along   
a waveguide
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 Coupling between two modes by introducing a perturbation

Introducing a perturbation
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 Qualitative derivation of the coupling coefficient k12
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 Coupling coefficient
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 Coupling coefficient
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Bragg condition (phase matching):

Conservation of energy: 
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I. Fundamentals and applications
I.4. Flexural waves: applications

 The fundamental flexural acoustic mode

For an optical fiber, 2a ~ 125 m, and at f < 10 MHz, the fundamental flexural 
mode will have a velocity: cflex = 205.9 (fa)1/2 

and the displacement will be approximately transversal:   ztiA y expu


)(cos),( 0 zktuztu ss 

)(cos0 zktnn ssef 

yukpnn seef 0
2

0 )1( 






 dxdyyxnk *
21012 ),( ee


LP01, core LP11, cladding

Bragg condition (phase matching):

Conservation of energy: 

sk 21 

 21 

 The fundamental flexural acoustic mode
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 The fundamental flexural acoustic mode: Optimization

Horn    

Piezoelectric    

Detector

RF generator


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

 dxdyyxnk *
21012 ),( ee
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I.4. Flexural waves: applications

 Periodic transfer of power with flexural waves

Pi

Pt

4 V

Pi

Pt

10 V

Pi

Pt

20 V

(i) 4 V, (ii) 10 V and (iii) 20 V

I. Fundamentals and applications
I.4. Flexural waves: applications



18

 Dynamic add & drop multiplexer

Pi

Pt

20 V0 V

Photon. Technol. Lett., pp. 84-86, 2003

I. Fundamentals and applications
I.4. Flexural waves: applications

Er: 300 ppm, L ~1.4 m
FBG1: 60%, 0.15 nm
FBG2: 99%, 0.25 nm

 Q-switched fiber lasers

Opt. Commun., pp. 315-319, 2005

I. Fundamentals and applications
I.4. Flexural waves: applications
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 Longitudinal waves + fiber Bragg gratings: s > LFBG

  2/1
0 /2 gss EAvP

I. Fundamentals and applications
I.5. Longitudinal waves: applications

 Longitudinal waves + fiber Bragg gratings: s > LFBG

f = 14 Hz, 
Qmechanical = 1300

(solid line) 14 Vpp,
(dashed lines) 4.2 Vpp

I. Fundamentals and applications
I.5. Longitudinal waves: applications
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 Longitudinal waves + fiber Bragg gratings: s > LFBG
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 Longitudinal waves + fiber Bragg gratings: s > LFBG

Time (s)

I. Fundamentals and applications
I.5. Longitudinal waves: applications

For an optical fiber, 2a ~ 125 m, and at f < 10 MHz, the fundamental longitudinal 
mode will have constant velocity clong = 5760 m/s, and the strain will be 
approximately axial (uz  0 and ur  0)

Bragg grating:    Kznn cos0

Bragg grating perturbated by a longitudinal wave:     zzKnn cos0
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 Tunable microwave optical filter based on a broadband source 
sliced by an acousticaly modulated FBG

Opt. Lett., pp. 8-10, 2005 

I. Fundamentals and applications
I.5. Longitudinal waves: applications

 The reflection from the acousticaly modulated FBG provides the 
taps required to form the transversal filter

I. Fundamentals and applications
I.5. Longitudinal waves: applications
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 Tunable: the wavelength separation between taps is adjustable 
with the frequency of the acoustic wave 

 Reconfigurable: the amplitude of the taps can be controlled with 
the amplitude of the acoustic wave 

I. Fundamentals and applications
I.5. Longitudinal waves: applications

 The transmission bands of the filter are tunable

0.755 MHz

1.444 MHz

Constant amplitude: acoustic power 2.4 mW

I. Fundamentals and applications
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 The relative weight of the taps can be changed

Constant frequency: 1.444 MHz

2.4 mW

1.4 mW

0.4 mW

I. Fundamentals and applications
I.5. Longitudinal waves: applications

 Wavelength switchable fiber laser

1, 2, 3 ...

Photon. Technol. Lett., pp. 552-554, 2005.
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 Emission as a function of acoustic amplitude
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 Emission as a function of acoustic amplitude
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 Emission as a function of acoustic amplitude

Switching from order 0 to order 1

Switching from order 0 to order 2

I. Fundamentals and applications
I.5. Longitudinal waves: applications

 Q-switched fiber laser

Er fibre : 300 ppm, L ~1 m, FBG2: 60%, 0.05 nm, FBG1: 99%, 0.25 nm

Opt. Express, pp. 1106-1112, 2006.
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 Spectrum, peak power and pulse width

Pp = 180 mW

I. Fundamentals and applications
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