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Previous works

Dynamic gratings recorded in Er-doped fiber amplifiers

Frisken, Opt. Lett. 17, 1776 (1992)

TRANSIENT TUNABLE BRAGG REFLECTION GRATING IN AN EDF

e Long: Efficient thickness given by fiber length = Narrow-band filter —~ 16 MHz
e Tunable: Grating wavelength controlled by the recording wavelength

e Transient: Grating disappear after removal of the recording waves
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Fundamental works: Nonlinear optical properties, wave mixing (Review Stepanov, 2008)

Applications:

» Single frequency fiber lasers (Horowitz et al. 1994, Cheng et al 1995)
* Tunable narrow-band filters (Frisken 1992, Feuer 1998, Havstad et al 1999)
» Fiber sensors, adaptive interferometers (Stepanov et al. 2004, Fan et al. 2005)
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How to generate a dynamic population grating?
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Motivation:

Generate dynamic gratings in shorter devices by increasing ion concentration

Objective

Optimize the efficiency of the dynamic gratings recorded in highly doped Er fibers

Fiber Peak lons o,
code | absorption density (m)
(dB/m) (m-3)
Er20 20 £ 2 1.6 x 10%° 3.8
Er30 30 =3 2.1 x 10%° 5.0 HIGHLY DOPED FIBERS
Er40 40 £ 4 2.7 x 10% 6.4
Er80 80 =8 6.3 x 10> | 15.0 || == ULTRA-HIGHLY DOPED FIBER

Manufactured by Liekki

MFD @ 1550nm = 6.5 £ 0.5 um
Cladding = 125 = 2 um
Coating = 245 = 15 uym
NA =0.2 = 0.02
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How to characterize the dynamic grating?

Incoherent waves: NO GRATING
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How to characterize the dynamic grating?

Coherent waves: GRATING [i”-
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Experimental setup: transient TWM
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Experimental results: transient TWM
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Experimental results: transient TWM
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Experimental results

- transient TWM
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Simulations:

Interference pattern

Optical absorption
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Stepanov, J. Phys. D: Appl. Phys. 41 (2008)

—

Maximum relative amplitude

a

~y
~

a,, —oa -C0S(Kz)

A2

® [Er20,Er30,Er40

0.251
® Er80 ,
e .
0.204 P
////
-
0.15 -
o .
rd L ]
0.10- e
[ ]
v
Iy
0.05 + So.
/.
0.00-1-|r|-|-|-|-|1|-|
0o 2 4 6 8 10 12 14 16 18

Optical density

‘”.r'—,”’-
. Complutense
2

Uniwversidad

= Madrid

Sonia Melle, smelle@fis.ucm.es

http://www.ucm.es/info/laserlab

QUONLOP 2001, Valladolid, Spain. 10-11 February 2011




Simulations:
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Quenching in the fluorescence
for the more highly doped fiber Er80

!

Inhomogeneous cooperative upconversion
PAIR-INDUCED QUENCHING (PIQ)

Li et al, J. Mod. Opt. 55 447 (2008)
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Simulations: PIQ effect at high ion concentration Lietal, J. Mod. Opt. 55 447 (2008)
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Simulations: PIQ effect at high ion concentration Lietal, J. Mod. Opt. 55 447 (2008)

Estimation of the number of ion pairs
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Conclusions

- Grating efficiency increases with optical density

« At very high ion densities (— 6 x 102° ions /m?3), cooperative
upconversion processes (PIQ) that occurs between closely locate
erbium ions decrease the grating efficiency.

Thank you for your attention!!
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