
N. ABDELLAOUI1, J. ARI1, F. STARECKI2, C. BOUSSARD-PLEDEL1, A. BRAUD2, J-L. 
DOUALAN2, Y. SHPOTYUK1, E. BAUDET3, P. NEMEC3, B. BUREAU1, P. CAMY2,  V. 

NAZABAL1

1 Institut Sciences Chimiques de Rennes, Equipe Verres et Céramiques, UMR-CNRS 
6226, Université de Rennes 1,  35042 Rennes Cedex, France.
2 Centre de Recherche sur les Ions, les Matériaux et la Photonique (CIMAP), UMR 6252 
CEA-CNRS-Ensicaen, Université de Caen, 6 Boulevard du Maréchal Juin, 14050 Caen 
cedex 4, France.
3Department of Graphic Arts and Photophysics, Faculty of Chemical Technology, 
University of Pardubice, 53210 Pardubice, Czech Republic.

COST Action MP1401 - 20 
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• 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 µm for 
telluride based glass)

• Possibility of rare earth incorporation : active IR waveguide

Nora ABDELLAOUI
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Bande II: CO2 (4,3μm), CO (4,7μm), CH4 (3,4μm)

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

Nora ABDELLAOUIWebber, Pushkarsky, and Patel, J. Appl. Phys. 97, 113101 (2005)
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Examples of rare-earth emissions in the 2-6 µm spectral window
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Transparency optical window and phonon energy 
of some glass matrix

Fluoride : ≈ 400 - 600 cm-1

Sulfide ≈ 300 – 450 cm-1

Selenide ≈ 100 – 300 cm-1

Telluride
≈ 100 – 160 cm-1

Silica 1100 cm-1
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Transparency optical window and phonon energy 
of some glass matrix
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substitution of Te on Se 
with % of Te from 0 to 37.5 %
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→ Red shifted

→ Eg increased 
linearly with the 
Te adding
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Absorption coefficient : IR cut off

→
𝑇𝑒

𝑆𝑒+𝑇𝑒
≈ 57 % 

substitution on 
chalcogen

→Red shifted ≈ 1.4 
µm (at 6 cm-1) 

→Transparence to 
16 µm
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→ Low dispersion

→ n increasing 
with %Te

VASE ellipsometry spectroscopy : refractive index
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Density and thermal properties
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Sample
∆T (°C)

(± 2 °C )

x = 0 > 150

x = 10 > 150

x = 20 > 150

x = 25 134

x = 30 120

x = 32.5 100

x = 35 84

x = 37.5
73

vitroceramic

Tb3+ doping

Phonon energy :
Ga5Ge20Sb10Se65 ≈ 200 cm-1

Ga5Ge20Sb10Se45Te20 ≈ 160 cm-1
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Attenuation :
4 dB/m (telluride)
1.3 dB/m (selenide)

[SeH] :
≈20 ppm (telluride)
≈ 33 ppm (selenide)
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Absorption cross section



15

Introduction Glass  system       Tb3+ doping      Conclusion

Tb3+ doped glass : bulk and fiber

15Nora ABDELLAOUI
2

 .
1

 µ
m

Absorption cross section



16

Introduction Glass  system       Tb3+ doping      Conclusion

Tb3+ doped glass : luminescence properties

16Nora ABDELLAOUI

2800 3000 3200 3400
0,0

1,0m

2,0m

3,0m

4,0m

5,0m  Tb
3+

 GaGeSbSeTe

 Tb
3+

 GaGeSbSe

 

 

L
o

c
k
-i

n
 a

m
p
lif

ie
r 

v
o
lt
a

g
e

 [
V

]

wavelength [nm]



17

Introduction Glass  system       Tb3+ doping      Conclusion

Tb3+ doped glass : luminescence properties

17Nora ABDELLAOUI

2800 3000 3200 3400
0,0

1,0m

2,0m

3,0m

4,0m

5,0m  Tb
3+

 GaGeSbSeTe

 Tb
3+

 GaGeSbSe

 

 

L
o

c
k
-i

n
 a

m
p
lif

ie
r 

v
o
lt
a

g
e

 [
V

]

wavelength [nm]

4000 4500 5000 5500

0,0

10,0m

20,0m

30,0m

40,0m

50,0m

60,0m
 Tb

3+
 GaGeSbSeTe

 Tb
3+

 GaGeSbSe

 

 

L
o

c
k
-i

n
 a

m
p

lif
ie

r 
v
o

lt
a

g
e

 [
V

]

wavelength [nm]

τ at 4.8 µm :

Tb3+:Ga5Ge20Sb10Se45 ≈ 8.9 ms

Tb3+: Ga5Ge20Sb10Se45Te20 ≈ 7.8 ms
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Tb3+ GaGeSbSe

Transition λ (µm) β τrad [ms] τexp [ms] η

7F5 →
7F6. 4.8 1 20.0 8.9 0.44

7F4 →
7F5 7.9 0.07

7.2 - -
7F4 →

7F6 3.1 0.93

Tb3+ GaGeSbSeTe

Transition λ (µm) β τrad [ms] τexp [ms] η

7F5 →
7F6. 4.8 1 24.0 7.8 0.32

7F4 →
7F5 7.9 0.06

8.7 - -
7F4 →

7F6 3.1 0.94

• Quantum efficiency η (η = τexp / τrad)
• 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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• High purity syntheses of Ga5Ge20Sb10Se65-xTex (x = 0 to 37.5)

• Substitution of Se by Te :
• Electronic band gap, IR cut off, Tg density and refractive index : 

linear evolution 

• Tb3+ ions are efficiently introduced in Ga5Ge20Sb10Se65 and 
Ga5Ge20Sb10Se45Te20 :
• MIR emission in the range 4.3 – 6.0 µm (7F5 →

7F6)
• quantum efficiency higher for selenide matrix
• emission from the level 7F4 is measure in the range 2.8 – 3.4 µm 
→ first step towards 7.5 µm emission.

• Tb3+ mid-IR emission : attractive potential for gas sensor !



Thank you for your attention





2500 3000 3500 4000 4500 5000 5500 6000
0,0

0,5

1,0

 

 

N
o

rm
a

liz
e

d
 e

m
is

s
io

n
 i
n

te
n

s
it
y
 [

A
.U

.]

wavelength [nm]

 Pr

 Er

 Nd

 Tm

 Ho

 Dy

22

Formation Enseignement       Recherche Conclusion

31 MCF n°2438 - 4396, UCB  Lyon 1, 04.05.2017    

Mon Post Doctorat

22Nora ABDELLAOUI

H2O CH4 CO2 CO

N2OH2S

NH3

NO



23

Formation Enseignement       Recherche Conclusion

Glass system : Ga5Ge20Sb10Se(65-x)Tex

23Nora ABDELLAOUI

% Te increasing :
→ band gap red 

shifted
→ Tg decreasing 

and 
increasing of 
the density

→ ∆T decreasing

Sample Theoretical composition
EDS experimental composition

( ± 0.5%)

[Se-H] (ppm)

(± 1 %)

∆T (°C)

(± 2 °C )

x = 0

x = 10

Ga5Ge20Sb10Se65

Ga5Ge20Sb10Se45Te10

Ga4.98Ge19.87Sb9.86Se65.29

Ga4.98Ge19.86Sb10.08Se55.47Te9.61

33

23

> 150

> 150

x = 20 Ga5Ge20Sb10Se45Te20 Ga5.05Ge20.05Sb10.30Se45.41Te19.20 20 > 150

x = 25 Ga5Ge20Sb10Se40Te25 Ga5.09Ge20.01Sb10.48Se40.47Te23.95 33 134

x = 30 Ga5Ge20Sb10Se40Te30 Ga5.63Ge18.94Sb10.91Se34.87Te29.66 16 120

x = 32.5 Ga5Ge20Sb10Se40Te32.5 Ga5.23Ge20.17Sb10.75Se32.48Te31.38 13 100

x = 35 Ga5Ge20Sb10Se40Te35 Ga5.00Ge20.19Sb10.70Se30.05Te34.06 8 84

x = 37.5 Ga5Ge20Sb10Se27.5Te37.5 Ga5.69Ge19Sb10.08Se28.25Te36.98 4
73

vitroceramic

x = 

0 : Tb3+
Ga5Ge20Sb10Se65 Ga5.33Ge20.28Sb9.15Se65.24 - > 150

x = 20 :Tb3+ Ga5Ge20Sb10Se45Te20 Ga5.44Ge19.52Sb10.48Se45.48Te19.07 - > 150




