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Project SAFESIDE overview:
- Consortium
- Technologies involved
- Role of partners

Recent developments:
- Integrated NIR laser sources
- Spectroscopy measurments with a multipass cell
- Development of a tunable synchronously pumped OPO
- Spectroscopy measurments

Next steps:
- Free space outdoor tests.
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Project SAFESIDE

Systéme d’Analyse de Feux et Emanations par Spectroscopie Infrarouge a Distance et
Embarquée / Analysesysteem voor branden en gaslekken op basis van infrarood
spectroscopie
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Université DE REIMS Université de Mons A P e B
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Started on 1 January 2017. Funding : 882 689,34 €
End on 30 June 2021. Total cost : 1 765 378,71 €
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Aim of the project v

Realization of portable and transportable diagnostic tools for:

- identification of chemicals present in fumes or gas leaks with
concentration measurements,

- prediction of gas dispersion in air.
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Les entreprises a risques

Type d'entreprise
® Grand SEVESO

©  patit SEVESO

6 Cenirale nuckéare

Donnée non dspondie

Sowrces : IBGE (Bruxeles), LNE (Flandre)
DRIRE (France), ITM (Luxembourg),
LAT/BRZO (Pays-SBas), DGRNERAM (Wallorve)



Target gases and concentrations Inlv:verreg

SAFESIDE
HCI NH3 HCN CO CO2
ERPG1 3 29 S 1 1 1 86 -
ERPG2 33 142 9 8 3) 4 430 27309
ERPG3 132 706 45 40 27 76 859 54618

K Périmétre de dissuasion

ERPG : Emergency Response
Planification Guidelines
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Lasers developments
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@j Photo-acoustic detection
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Field tests and Intercomparaison with
dispersion models conventional techniques



Technologies involved

NIR Semiconductor laser sources:

» Indium Phosphide lasers coupled onto
silicon integrated photonic circuits.

Compact multi-pass cells:
Handheld multi-pass cell.

Mid-IR optical parametric oscillators:

» Fibre laser pumped optical parametric

oscillator with broadband operation and
fast tuning.

Photo-acoustic sensors:

» High sensitivity photo-acoustic module.
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Recent developments:
- Integrated NIR laser sources
- Spectroscopy measurments with a multipass cell
- Development of a tunable synchronously pumped OPO
- Spectroscopy measurments
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Integrated NIR laser sources "I*SITCYy E=a

Spectral lines and targeted wavelengths:
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Integrated NIR laser sources 15152
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SAFESIDE
Transfer printing: Enabling technology for heterogeneous integration

AREA
PDMS stamp : MAGNIFICATION

DENSE
g INTEGRATION
111-V source
wafers

-

1 inch stamp size
30 sec per print cycle
A. De Groote et al. Optics Express, 24(13), p.13754-13762 (2016)

Si photonics target wafer

UNIVERSITEIT
GENT


http://www.photonics.intec.ugent.be/publications/publications.asp?ID=3753

Integrated NIR laser sources 15152
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Transfer printing principle:

Tethers
a) b) c)y !
IlI-V Device Layer | Patterned device | | Patterned device |
Release layer | Patterned release layer | | Patterned release layer |
Substrate Substrate Substrate

1
Stamp L

Stamp
9 ° 1 I
Patterned device
’_J_%> > [Release | < 'Zi‘_L\ FJ_P i‘—L\ ‘Ll Printed device |,L
Substrate

Substrate

]

Silicon

Transfer of micro-scale lllI-V coupons/devices
to a silicon target wafer
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Integrated NIR laser sources Imv:ve"eg
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SOA coupons processed on Inp substrate:
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Multi-pass cell terreg
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Design of a miniaturized multi-pass sensor:

2 Silver coated concaves mirrors
¢ = 50,8 mm, R =100 mm

Distance between Mirrors : 120 mm

Gaz out

N = number of spots in aring
L= total lenght (m)

L= 0,12*(14N+1) = 25,32 m}

With a carefull alignement we obtained 7 rings with 15 spots each. UJ.CO U UTTORAL

COTE D'OPALE



Gas sensing
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Development of a tunable synchronously pumped OPO
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Targeted wavelengths:

ERPG2 Best spectral  Reduced spectral region due Wavelength

Gas Possible technology

(ppm) region (cm-1) to interferences (cm-1) (nm)
HCL 33 2600-3100 2673-3046 3283-3 741 OPO
1100-1200
(1500-1700) 1100-1200 QCL
NHS 142 5094, 4 367
’ ’ 4 348 2 300 OPO
4 348
2 027-2 038 ;2 093-2 140 ;
CO 430 2000-2250 2 1452 210 4 580 OPO
CO2 27 309 4835-5124 1951-2 068 OPO
SO2 4 1300-1400 1347 QCL
3268, 3 290, 3 305, 3 331, 3059, 3039, 3
HCN 10 3200-3400 3345 025, 3 002, 2 989 OPO
I ible: | ti
NO 10 1750-1950 Interferences mpossible: low absorption

and interferences with H,O

NO2 10 1560-1660 1 596-1 600 QCL
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Tu_nable synchronously pumped OPO

/ SAFESIDE

Fiber laser pump source:

l / Scheme of the Laser

Input
Mode-Lock oscillato | | FBG on piezo
Broad spectrum ~ 6 nm I = | AL~ 30 pm
Power ~2 mW
Pulse duration ~10ps i
P SM Pump Diode Tunable 102?‘1029 nm %Mgsﬁmp Diodes Tunable 1028-1029 nm
@976 n it vt nm narrow spectrum
SMYb Pulse duration: ~50 ps DC Yb Power ~ 5 W
: _ doped fiber Pulse duration: ~35 ps

doped fiber
WDM @ . Combiner | .

PM Circulator Isolator & collimator Tg the OPO ‘
. Wavelength Spectral linewidth Pulse duration
Fibre laser pump

characteristics 1028-1029 nm 40 pm 30 ps 40 MHz

Coarse tunability range Spectral linewidth Piezo Modulation Fast tunability range

3-3.5um ) .
(2,5-4 pm) 0.4cm™ 600 Hz (Up to 1 kHz) 7 cm™! 700 mW



Tunable synchronously pumped OPO HILETTSY
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Fast wavelength modulation

o = Wavelength
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Tunable synchronously pumped OPO

Narrow linewidth, fastly tunable & SP-OPO cavity
picosecond Fibre laser
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SAFESIDE
Fixed pump / “
wavelength
- [
> / / 1k ///y.'
;;;;;

Translation of the OPO crystal

Low speed broadband scanning

Acétone 10%

Tunable over hundreds of s
wavenumbers T
Ex. of acetone..|
0 vy | ‘ J ‘1” J # deteCtion 33;00 32Ioo 31.00 3000 25;00 2E:OD
2800 3200 3300 3400 Nombre d'onde {cm-1)

b (m)



High speed narrow band scanning HILETTSY
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Modulated pump
wavelength

SAFESIDE

<
Fixed position of the OPO crystal

Tunable over 10 cm-1

 Ex of HCI Detection
N P B

——— HCl 125 ppm
o
AN —— HCI 60 ppm
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Wavelength modulation spectroscopy HILEITCY
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Modulation of the pump /

wavelength
> -\ &'

& translation of the OPO crystal

Output

CH4 IR spectrum
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Photoacoustic cell HILCTTCY e
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Validation of the PA cell with Acethylene
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Photoacoustic cell
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/, SAFESIDE
Estimated sensitivity with the OPO + PA system
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Laser
/ Absorption Minimum
ivsleculs Spectral Region taser P coefficient concentration
/ and (ERPG2) - = technology (mWw) =
(em) (ppm)
/ HCI (33ppm)
/
‘;" 1.7472um / 5723.4cmt DFB 1 1.2 7500
I/ 3.3 um /3030 cm OPO 100 30 3
|
,/ CO (430ppm)
| /' 1.568um DFB 1 2.50E-03 =
| 2.3pum OPO 100 0.45 200
f 4.58 pm OPO 100 60 1.5
| HCN
] (10ppm)
1.54pum DFB 1 0.5 18000
3.0pm OPO 100 22 4
‘ NH3
l (142ppm)
‘ 1.9631pm DFB /OPO 1/100 1.1 8000/80
& 2.29um OPO 100 0.7 130
\ co,
\ (27000ppm)
|
\\ 1.6pm DFB 1 0.01 -
2.004 pm OPO 100 0.14 650
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Next steps:
- Prototyping
- Free space outdoor tests.
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NIR laser source + Multipass cell HILCITrey
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* Field tests are expected in 2020 with two type of devices / methods:

Multiple DFB chip for gas sensing experiment

3 different designs of DFBs

Fiber coupling 250 um | B
um|
forfiber .
! array

Contact pads to be wire bonded to the PCB



MIR laser source + Photo-acoustic sensor HILCITrcy
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* Field tests are expected in 2020 with two type of devices / methods:




