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Introduction

* @Gas sensors in the infrared range based on “molecular
fingerprint” absorption spectra of gas

* Application fields : environment, security, health, chemistry
- Requiring bright infrared sources, IR waveguides, IR detectors

* Chalcogenide glass : wide transparency band (up to 20 um for
telluride based glass)

e Possibility of rare earth incorporation : active IR waveguide
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Introduction

Absorption lines of hazardous gases in the 3-14um spectral region
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Introduction

Examples of rare-earth emissions in the 2-6 um spectral window
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Introduction
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Introduction

Transparency optical window and phonon energy
of some glass matrix
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Introduction

Transparency optical window and phonon energy
of some glass matrix
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Glass system : Ga

Absorption coefficient : electronic band gap
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Glass system : Ga
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Glass system : Ga

VASE ellipsometry spectroscopy : refractive index
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Glass system : Ga

Density and thermal properties
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Glass system : Ga

Sample AT (*C)
P (£2°C)
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Tb3* doped glass : bulk and fiber
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Tb3* doped glass : bulk and fiber

Absorption cross section
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Tb3* doped glass : bulk and fiber

Absorption cross section
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Tb3* doped glass : luminescence properties
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Tb3* doped glass : luminescence properties

S,0m Tb* GaGeSbSeTe
—— Tb* GaGeSbSe

4,0m A

3,0m +

2,0m +

Lock-in amplifier voltage [V]

1,0m

0,0 T T T T T T
2800 3000 3200 3400
wavelength [nm]

Tb* GaGeSbSeTe
— Tb* GaGeSbSe

60,0m -

3,1 48 7,5 A [pm] 50,0 -

tat4.8 um: oo

30,0m -

20,0m -

Lock-in amplifier voltage [V]

Th3*:Ga;Ge,Sb,,Se,: = 8.9 ms

10,0m

0,0+

Tb3*: Ga.Ge,,Sb,,Se,-Te,, = 7.8 ms

4000 4500 5000 5500
wavelength [nm]

Nora ABDELLAOUI



Introduction  Glass system  Th3*doping Conclusion

Tb3* doped glass : luminescence properties

Th3* GaGeSbSe _ Th 3*

Transition | A (um) B Trag [MS] Texp [MS] n N ,l' 0
Fs>7F | 4.8 1 20.0 8.9 T M — ',
O | 7.9 0.07 s _ _ | e—F
,D7F, | 3.1 0.93 ' ! 'F 4

Tb3* GaGeSbSeTe L 1 F .
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* Quantum efficiency n (N =T, / Trag)
e Tb3* luminescence quenching is stronger in GaGeSbSeTe than in

GaGeSbSe—> pure selenide more suitable for having a strong
mid-IR emission
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Conclusion

High purity syntheses of Ga;Ge,,Sb,,Se.  Te, (x =0 to 37.5)

Substitution of Se by Te :
* Electronic band gap, IR cut off, T, density and refractive index :
linear evolution

Th3*ions are efficiently introduced in Ga;Ge,,Sb,,Se,- and
Ga;Ge,,Sb,,Se,Te,,:
* MIR emission in the range 4.3 -6.0 um ('F; = “F)
e guantum efficiency higher for selenide matrix
* emission from the level ’F, is measure in the range 2.8 — 3.4 um
—> first step towards 7.5 pm emission.

Th3* mid-IR emission : attractive potential for gas sensor !
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Glass system : Ga.

Theoretical composition

GagGe,,Sh, Segs
Ga;Ge,,Sh, Se sTey,

Ga;Ge,,Sh, Se, sTe,,

Ga;Ge,,Sh, Se oTe,s

Ga;Ge,oSh,Se oTes,

GasGe,,Sh;oSe oTes, s

Ga;Ge,,Sh,,Se oTess

GasGeyoShiSe,;sTess s

Ga;Ge,,Sh, Segs

GasGe,,Sh, Se sTe,,

EDS experimental composition
(+0.5%)

Gay 93G€19 5750 365€65.20
Gay, 93G€19.865010,085€55.47T€9 61

G5 05G€50,055P10.305€45.41T€15.20

Ga5 09G€;0,015P10.485€40.47T€23.5

G5 63Ge15.045P10,915€34.87T€39.65

G5 53G€50.175P10.755€32.45T€31.38

G5 60G€50.165P10.705€30.05 T€34.06

Ga5 65Ge155010,055€75.25 T€36.08

Gag 33G€;0.25505 155€65 24

G5 4,Ge19.525P10,455€45.48T€19.07
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