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“Z-Crystal growth (low energy phonon crystals
- Czochralski, Bridgman, LPE)

— Spectroscopy of ions in solids and laser
Instrumentation in a wide spectral domain
(nearUV—mid-IR)

— Prototype development (lasers and infrared
gas detectors)




Rare earth embedded ina chalcogenlde glass

* Phonon energies, transparency and quantum efficiency
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Fiber draWing Size of preform: 10 cm length and 1cm

diameter

Gas He —= Size of fiber: several tens of meter for a

300 um diameter fiber
Preform ——__

ER Y m<+«— Furnace
Silica —
tube

./ Shutter

mmm | mmm— Diameter

measuring
/ Fiber
Fiber drum
Tension meter pulley

/ Fibered rare earth doped
mid-IR sources
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Dy3+-doped mid- IR source a model

« Simulation:
« Simultaneous solving of population and propagation equations

Centre de Recherche sur les lons, les Matériaux et la Photonique

along the fiber
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Pin E> E> Pout = Pin +dP

» Fluorescence guided contribution : solid angle considerations

Y
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M)) solid angle
>|sotropic emission basically
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Dy3+-ope mld l ource model l

 Population equations :

absorption Op: $p(P)- N T4 Energy

Centre de Recherche sur les lons, les Matériaux et la Photonique

6 4
Hsp+*F 7/

6 4
Hoppt*F 1112

6
H11/2

6
Hl3/2

Pump :

Fluorescence :

N,. (A%,

N,
N4.A§2 + NB(A AMP) - = Wzo.Nz.

4

transfer

N
+ AIZIP) - ’[_ - W30.N3.NO = 0
3

R R R MP _& _
Ny Afy + Ny A5y + Ny (45, + AY'P) — ==+ 2. Wao. Na. No + 2. Ws. Ny. No = 0
1

NT=N0+N1+N2+N3+N4

* Propagation equations

losses
4.4um spontaneous
= (=0p. Ny @ emission within

dz

916 nm

4.4um angle
losses

aP L
d;l = (0'21. N2 — O012- N1 —. P21 w
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Dy3+-ed mid- IR source : a modetl l

* Results : 4.4um output power
» Propagation losses influence :

Centre de Recherche sur les lons, les Matériaux et la Photonique

Puissance de fluorescence simulée (mW)

0.04 1 ©) absorption (Beer-Lambert)
0.03 L (a) —— Sans pertes (b) - 916 nm losses (19 dB/m)
' (b) —— Avec pertes a 916 nm | decrease of P,
(c) — Avec pertes a 4.4um

(d) —— Pertes totales
0.02

— decrease of P,
0.01

Dopage : 5000ppm (d) - All losses included

0.00 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N
0 5 10 15 20 25 30 35 40

Longueur de la fibre Dy** (cm)

4.4 um losses dominance in the process
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(c) - 4.4um losses (20 dB/m) : n
compensated by Dy3* fluorescence

(@) - increase of P,z until full pump
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D3-ed mid-IR source : a model

* Fiber diameter influence :

- Gripre= 400 um : linear shift of P,z with

Puissance de pompe (W)

400 um diameter fibers

nom

. respect to Pp,,, — no ground state S 04 —— —

g deleption £ = Diamétre de la fibre Dy*" = 400pm

S = = 100pm

£ :r::“ 0.3f = 40um .
21 - @iipe= 40um : absorption saturation @ @=400um
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B 1000 ppm ; Dy**GaGeShS Simulation
2 05— = Experimental
S o004l | 5000 ppm ; Dy3*GaGeSbS
8. > §| T T T T T T T T T T T T T T T T
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o 1000 ppm fiber fluorescence Dy* fiber length [cm]
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 applications examples
+ CO, leakage detection in gas pits

Agence de I'Environnement
et de la Maitrise de |'Energie

Non doped Chg fiber

- 43 um

Flat mirror

4.3 um

-

¥ Zoom2 : Déail du capleur ophg

b

4.3 um
Dy**doped Chg fiber

920 nm&smcahbre
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e bEFtiﬁcmr une Terre durable

Agence de I'Environnement
et de la Maitrise de |'Energie
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S Achievements to date: CWWPWFFI‘&IZ
3 Detection by fluorescence of Dy3* in mid-IR around 100 m depth V Qa -

o : £
£ Detection threshold of few hundreds of ppm ]
(6]
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ehﬁérnscg m ne Terre durable

All- optlcal detector

* Today : electronic parts remains in-situ

Optical pumping

CO, detector « vl »
Vis/nIR @"—

0-10 V electric signal

7)) -
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ehﬁérnscgﬁun ¢ Terre durable

All- optlcal detector

* Rare earth doped converter from m-IR to vis-nIR optical
signal

Conversion fiber pumping

Vis/nIR
Emission fiber pumping N
vis / nIR optical signal

_ <
P-otme@ Silica fiber

All-optical detector
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Géosciences pour une Terre durable
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AEE based energy conversion

Centre de Recherche sur les lons, les Matériaux et la Photonique

* CO, case : 4,3 yum — 810 nm conversion

« Using an Ers* excited state absorption

nom

Cnil4 cmy Excited state absorption
6 /
- I -
6 F7/2 20000 [~ - 4 212 My *Sap
10000— Hsp - /
i H.,+ K B /
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*H ot Ky €O, cel ] IR F o
920nm — _ 1 Probe '
_ 4
B H"/2 _ L :_' I 9/2
— — | 4
5000 43 um — —» . 10000 = _ 11y
oy — = B Fluorescence
I 13/2 — B 4 —
so00 - 132 810 nm
Pump — 6 T
920 nm ek Hisn Pump o L 5
3+ 980 nm 15/2
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« Erbium — Er3* (from 4.4pm to 810 nm)
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Er3* fibered converter

810nm
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Cm_1‘
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AEE bsed energy conversion
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« Erbium — Er3* (from 4.4pm to 810 nm)

15000

10000

5000

A
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*F 12 +2H 1172 %S 3/

o2 4.4 um Modulated
4—

N1 probe
810 nm  Modulated
4
I13/2 fluorescence

980 nm Continuous
—

4
I 152

pump

e quantum process:

IR photon turned into nIR
or visible photon

Excited stated absorption

(ESA)
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AEE based energy conversion

« Erbium — Er3* (from 4.4pm to 810 nm)

Cma
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o - Fop+Hup +'S3, Experimental proof
O |
;: B
n'ccj B —— 4 I I L ll—l Sc;ndésedle ()I(].O)
© 15000 [— 9/2 < 1or 3\ 2 —— Pompe seule |
< — 2 —— Pompe+Sonde
X — 4 © 08
3 - lo12 4.4 um Sonde 5
5 — — . D 06
s 10000 [— 1172 modulée =
3 B 3 04
i B 810 nm flyorescence &
S 4 £ 2 o2
. | 13/2 modulée g
- 5000 — L
g | £ 00 ]
0 - 980 nm Pompe A S S N S R
S B «— ti 780 790 800 810 820 830 840 850
E — continue Longueur d'onde (nm)
9 0o 4 3
4 I 152 8
S o

=}

® Er3* g
'E (3]

[l

24/09/15 45 a % ensicaen WV \\un.v\e{s.ted caen



o ™\ AT P . o - A PN A ” y
S gV .‘ ¢ ¥ e MK (L Dy ’ Wty s ‘ » O._' P 4
N \ y NG ,@\ = 4 > s a8 o , = ? ),
. 5 N \ 2 2 / ; i ¢
“ e » o &'\ A ! = Y o A "'/// ! ISR S 2 N 4 W 3
NS > L N oEs - . S W iy {8 R 8 7 \

810 nm conversion in Er: GaGeSbS : a model

 Steady state population equations O e
Ns
*Sapp + 2Hyyp + g T = 0
N
oy, Ns. (AR, + AYP) — T—: =0

N;
“lorz Ny. (A5 + A7) + 455 Ns =+ Oesas. s N2 += ’
R MP R R NZ
o Ns- (A3 + A57) + Asg- Ny + Asp. Ns ==+ 0. & No — Oesas - Nz — 0

Ny
*laar AGy.Na + A5, Ny + Afy. Ny + Agy . Ns — T _= 0

N0+N1+N2+N3+N4+N5 =NT
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810 nm conversion in Er: GaGeSbS : a model

* Propagation equations

Pump (980nm):

Probe (4.4um) :

Ic (810nm
converted) :

982 nm losses

dP
E - (_Up. NO

4.4pum losses

dP,
dz (—Opgas- N2 _PS

810 nm losses

dz (021.Nz — 012.N; _-P21

810 nm spontaneous
fluorescence emitted

within the crictical angle

24/09/15
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1,0

0,8

0,6

0,4

0,2

0,0

A good compromise: 2500ppm doping rate, 6 cm long corresponding to
attenuation values of : 35 dB/m @810 nm, 26 dB/m @982 nm et 4.9

Propagation losses influence

T

810 nm conversion in Er: GaGeSbS : a model

« 810nm converted intensity

Er3* doping rate influence

—— No losses o < 10k
r—— Losses (982nm et 4.4um) @ =)
| —— Losses (810, 982nm, 4.4um | L
0,8 |
(b) | 0,6
| 0,4

()

20 25 30 35 40 0

1 " 1 " 1 " 1 " 0 O
’

1

— 500ppm
— 1000ppm |
—— 2500ppm
—— 5000ppm

810 nm losses : 35 dB/m
982 nm losses : 26 dB/m
4.4um losses : 4.9 dB/m

Er** fiber length [cm]

dB/m @4.4 pm

Longueur de la fibre Er3* (cm)

Anne-Laure Pelé
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Simulation / experiments

i Courbe simulée
—a— Points expérimentaux

Dopage fibre 252G:Er*" : 1000ppm

Pertes 982 nm : 26 dB/m
Pertes 810 nm : 35 dB/m
Pertes 4.4um : 4.9 dB/m

Ic/lp

Centre de Recherche sur les lons, les Matériaux et la Photonique

4 6 8 10

Longueur de la fibre Er** (cm)

0.0012 F
0.0011
1E-3

9E-4

TE4

6E-4 |

5E-4 |

« 1000ppm Er3* GaGeSbsS fiber ; 810 nm converted intensity

Signal to noise ratio as a function
of the 980 nm pumping power

0.0013 g

8E-4 |

100

120

160
Puissance de pompe (mW)

- EP

Points expérimentaux 7

180 200 220 240 260
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Thanks for your attention
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