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* Introduction

Why studying ?




Satellite optical link

Lidar
( Light Detection And Ranging )
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Radiation effect on optical fiber

Additional absorption of light
= Radio Induced Absorption (RIA) #
- Efficiency §, system failure

/" ..irradiation parameters :
v Dose (Time)
...optical parameters :

v Materials
RIA depends on ... < v Wavelength

v Optical Power(Time)
...Ssystem parameters :

v’ Temperature(Time)
v Fiber Length

L. Troussellier 5



Aim of this study

Assessment under radiation ARI

Competition between
- Degradation (Dose)
- Recovery (Optical, Thermal)

Knowledge of RIA during 100
the whole mission time
80 - " PP i
% o P g\h“_"; =
—) %50 q.,v"'aﬂ LT
| - g A
To spatial application : g% T
Need « qu!ck » procedure fx0. Y SR ——
to test device. ° |
0 A : : : h{orma'llz:ﬁﬂwl :
0 Be+7 1e+8 15e+8 2e+B  25e+8 3e+8

Equivalent Time (s)
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Degradation & Recovery
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Degradation

Trap level
= creation in
glasses

Recovery

—> Detrapping

L. Troussellier

RIA origin

. Conduction band

| 4
l Recombination center (}Om
m hole traps electron traps Eg~ 10eV
,. | !
OO O O Valence band
Recombination  Trapping
band to band or Recombination
A (®) : 1/T : Detrapping probability
— = —— xn(l) n(t) : trapped charge density

dt 7

11 (E,w,)
?=..._ A exp —W

1/ T » ;. Attempt to escape factor
Ewp . Activation energy

k : Boltzmann constant

T : Temperature
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Time- Temperature Equivalence

Arrhenius Equation

Time - Temperature

L. Troussellier 9

200 thanks to Arrhenius equation Equwalence
=== Temperature (K) during 360s vs Time(s) at 300K
= Temperature (K) during 360s vs Time(s) at 330K ThUS
— T t K) during 3600s = 1 h Ti t 300K .
s - emperature (K) during s our vs Time(s) a 10 yearS at 25°C is
. equivalent at
= 1 hour a 167,85°C
o
j o
[ KL Isothermal
£ 400 . ~” experiment
- .
: | But RIA during the
97 . mission ?
200 T T T T T Il T T 1¢y'elars T T —’ ISOChronOUS
10° 10" 102 10° 10¢ 105 10° 107 10 : 10¢ 10 10" 10" expe“ment
Time(s)



Isochronous Annealing

A T=Constant = 6 min

| AT=20K T+, Ta
E = T, Tz E“
?:i N —
2 1l
B L1
. w
Time
O Measurement point
. Equivalent Time (5}
Increasing step (JI0F 104 10° 100 10% 107 107 10 10 10% 107 1o

temperature BT E2 B3 £4 w—_Global Fit

—
o
1

Deeper and deeper

Hormalized Dagradation [RUA(TIRIAMax)
=]
=

levels are detrapped 06

0.4
Consequently the .
total RIA y
decreases |

L]
i 0D 200 o 470 300 00 0
TiC) during 360 &
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Er3+ Fiber Under Test

Fiber Under Test
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Fiber Under Test

ErZ+ Fiber Un Test
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“ spectra at each
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=> Recovery

Fiber Under Test  Vies [gnEa® I

Transmitted power
Spectra at each
temperature step.

Er3+ Fibe Underﬁ

\5%

300 o0 S50 20

irradiated fiber
(300 Gy ar 5 Gph)

Gy_ﬂ: C
n e Rate (Along the Axis) 104

ber Linder Trut 1m)

W t590ct RIA (dB/m)
12

105 | HDEF 2

1000 1200 1400 1600
Wavelength { nm )

Determination of RIA
at each temperature
step

annealing temperature increase

after §10°C step”

1000 1200 1400 1600
Wavelength (nm)
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Fiber Under Test

ber Linder Trut 1m)

Er3+ Fiber Under Test

MNormalized Degradation (RIA(TVRIA max)

=

Equivalent Time (s)
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irradiation

1 curve
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Normalized Recovery

as a function of
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100
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) ﬁﬁU— - __H |
RIA as a function of § |— AT
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Conclusion

Conclusion

*Usual test => too conservative.
s\Worst-case but more precise.

«Taking into account the recovery => more optical fibers are selectable.

Perspectives

*Better knowledge of recovery in oxyde
*Experiment to compare the co-dopant recovery possibilities.

«Addition of the photobleaching study

L. Troussellier 15



Thanks for your attention ...
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