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INTRODUCTION

In the frame of the SWARM mission, an Absolute 8célagnetometer (ASM) was developed by CEA-LETI
in partnership with CNES (Centre National d’étudpstiales) for the dynamic measurement of the ‘®arth
magnetic field. This magnetometer is based on fiwciple of pumping a Hecell by a Laser emitting at
1083nm.

IXSPACE was in charge of the integration of theewitium optical fibre laser used in the SWARM
magnetometer, the optical fibre components seleatiod procurement for the Laser system, as wethas
qualification of these components. IXSPACE has rfectured the engineering model, the two qualifimati
models as well as the seven Laser Flight Models.
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Fig. 1. Laser SWARM configuration

The Ytterbium optical fibre Laser used for the pumgpof the Helium cell of the magnetometer is ameatal
Bragg grating photo-written in an active Ytterbiufibre (LFA) manufactured by KOHERAS, a Danish
company, and procured by the CEA (Commissariatrgelgie atomique). A pump Laser diode at 980nnsésiu
in the pumping of the LFA through an optical Paarg Maintaining Multiplexer. The system comprisdso
an optical fibre photo-detector for the power femey an isolator for the back reflection, an optiiilbre
coupler and a second optical fibre photo-deteaotHe sensor return signal from the helium cell.

Strongly based on our lessons learned during therFDptical Gyroscope qualification campaign [1], a
specific PMP (Parts, Material and Process) qualifi program was carried out.

I. PMP APPROACH

IXSPACE collaborated with the CNES and the CEA &irte precisely the qualification program for the
optical fibre components (see figure 2). A Partsdvials and Process activity plan was written. T#N4P plan
covers all the activities of procurements, quadifien and rules to apply in case of non conforrditying the
program.

The qualification in radiation was achieved durthg evaluation phase. The parts were individuaited.
The table 1 summarizes the test conditions thagicthe mission requirements.

Total lonising Dose (TID) Test Conditions Displacemeist Damage (DD) Conditions

TID level Dose rate Bias conditions DD level Energy Bias conditions
(kRad(Si)) (rad/h) (p/lcm?) (MeV)
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4 50 “OFF” | 3.6x16° 60 “OFF” |

Tab. 1. Total lonising Dose Test and Displacement Damagg Tonditions

The philosophy of this qualification is to test ssystems instead of individual components. The athges
of this approach are:

Q) To test very finely the influence of the environmelirectly on the sub-systems (VTE: Véhicule de
Test). The evolutions can be more easily deteated loaser sub-system than on the component itself.

(2) To test the optical components in real conditiohgse.

3) To combine on a single sub-system the differentstaints of the mission following a file of
environmental tests that simulates a part of tloélprof life of a flight system.

4) To be able to accept evolutions on a componentrbyimy that it has no effect on the Laser sub-gyste
level.

(5) To qualify the materials and the processes atah®edime as the components.

Some individual components will also be testedriteoto complete the ageing qualification (seesthation 111
COMPONENTS AGEING QUALIFICATION).

The figure 2 left describes the PMP activity, wétlccessively: research and evaluation of seveialergces
of components. After the selection, procuremerdase and all the parts are “up-screened”. Sevends @re
selected for the qualification and the other omegte flight models.

If the qualification is successful, the flight mdsleare manufactured. For the complete traceability,
justification file is created for each component.

The figure 2 right describes the major qualificatfmths.
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Fig. 2. General Flowchart : PMP Activities & Qualification

II. SCREENING

The optical fiber components have been procuredesed by the manufacturer. During this procurement
phase, some information about the screening camdittould be collected. For each component, theeaang
applied by the manufacturer depends of the typeoofiponent. Due to the procurement level (commercial
datasheet or procurement specifications), a “upestng” has to be done. Table 2 summarizes both the
screening tests performed by the manufacturerstteenrg the additional up-screening done by IXSPACE.
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Manufacturer Screening Up-screening
Pump Laser Diode 168h @100°C & 650mA burn-in at Laser External visual inspection / X-Rays;
diode; PIND Test;
100% fine leak test before pigtail; Thermal Cycling 10 cycles [-40°C;+85°C];
20 thermal cycles [-40°C;+70°C] Burn In :168h @ 70°C
Photodiodes Information not available External visual inspection / X-Rays;

(procurement on commercial datasheet) Thermal Cycling 10 cycles [-40°C;+85°C];
Burn In :168h @ 70°C

Passives components Information not available External visual inspection;
(Isolators, Multiplexer and (procurement on commercial datasheet) Thermal Cycling 10 cycles [-40°C;+85°C]
Coupler)

Tab. 2. Screening and Up-screening applied to the opticalponents

For the photodiodes and the passives componerdgsinformation lack is due to the commercial level
procurement of these parts. Concerning active coepis, the purpose of X-rays examination is to none
destructively detect defects within the sealed @askinternal anomalies such as foreign matenmlsticles,
improper interconnecting wires, and voids in thaat material.

The PIND test is specially applied to the pump dadde to detect the free particles. Without pre-
encapsulation inspection, a PIND Test is mandadoiy to the criticism of defect occurred by a freetiples
inside the module. The purpose of the burn in &iedtémperature cycling is respectively to testrtimistness
of the die and the assembly of the components.

[l. COMPONENTS AGEING QUALIFICATION

The Ageing qualification program is based on theviedge and the data collected during the procunéme
and evaluation phases. The duration of the lifé ltas to cover the total mission time. The Arrhenaw is
used (see [2])

Flr)
—_ k TjUse TjTest
AF =e (1)
With:

AF: Acceleration factor

Ea: failure mechanism activation energy

k: Boltzman'’s Constant (8.6171E-5 eV)

Tiuse Use environment junction temperature (°K)
Tirest test environment junction temperature (°K)

The knowledge of the Energy of activation (Ea)dach part permits to define the total time andnin@ber
of components necessary to cover the 4.25 yeatiseofission. The table 3 summarizes the numberdép
with the following conditions of qualification: tetkemperature=70°C; Ageing time=3000h and all phiased
in the nominal mission conditions.

Accelerator Number of parts tested during 3000 MTTF (years) covered by
factor h @ 70°C for a MTTF > 4.25 years 3000 h @ 70°C
Pump Laser Diode 8.5 4 5
optical fibre photo-de?ector 48 6 4.6
for the sensor return signal
optical fibre photo-detector
for the power feedback 87 1 12.9

Tab. 3. number of parts for the qualification

It was decided to use a representative Laser fsrateing qualification path (VTE), and several poments
to complete the necessary total number (see Tab.3).
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A. Individual Pump Laser Diodes Results

——

—

g. 3.Pump Laser Set-Up

Qualification Results
after 3000h of life test (70°C / Qualification Criteria
lop=100mA) & 500h of storage (85°C,
“DDP off")

Max Threshold current I, (mA) 12mA <50mA
Drift Ith (%) No drift measured <15%

Max Operational Current | 5, (MA) 110mA < 200mA

Max Drift efficiency (%) 8% <10%
Emission Wavelength (nm) 974,85 NnM Aperationa< 975,25 nm 974,5 NMX,perationa< 975,5 NM

Tab. 4. Pump Laser Diode Results

Four laser pump modules were individually testedifantest (@70°C during 3000h / 100mA) and storage
(@85°C during 500h). The measurement of the praigiarameters (see table 4) showed a nominal aperat
after this qualification.

IV. SUB-SYSTEMS QUALIFICATION
Two qualification models were manufactured (sultesys VTE) and the different environmental constsain

were combined through two files of tests. The f$EE was submitted to the thermal and mechanicistand
the second one to the ageing and storage testtheMests are described in the table 5.

VTE #1: 1_Damp Heat:744h / 70%RH / 50°C & 168h / 90%RH / 25°C
2_Mechanical Random Vibration: 3 axis, ~20g RMS, 20Hz to 2kHz,
3_Mechanical Sinus Vibration: 3 axis, [5-20Hz; 11mm], [20-60Hz; 20q] , [60-100Hg] , [100-125Hz; 3g]
4 Test under Vacuum:10 cycles, [-20°C;+50°C], ~1°C/min

5_Atmospheric Temperature Cycling:90 cycles, [-20°C;+50°C], ~10°C/min

VTE #2: 1_Ageing:3000h, 70°C, biased lop=100mA

2_Storage:500h, 85°C, unbiased
Tab. 5. Qualification applied at the sub-system VTE level.
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The table 6 summarizes the resultgeg,Pand R, are respectively the output power of the LaséhatBegin
Of Life and at the End Of Life.

The two VTEs show a nominal operation after theijcation.

VTE #1 VTE #2 Qualification Criteria
End of life output power Pzo, 0,890 0,92XRsoL PzoL > 0,85xRo. (Begin Of Life)
Power Stability on 1 hour (dB)
<0,4dB <0,3dB <0,5dB
After 1 hour of warm-up

Tab. 6. VTE: qualification results.
CONCLUSION

Both the sub-systems tested (the VTE and the iddalicomponents added for the life test), succeded
qualification requirements making this space gqigaifon campaign a success. These good results have
confirmed the capacity of the optical fiber teclogiés to meet the mission requirements and witkstiaa very
harsh space environment.

This qualification campaign allows IXSPACE to delivin 2010 seven flight models according to thecepa
requirements.

Fig. 4 SWARM Laser, IXSPACE flight model
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