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Humidity Sensors Issues in HEP Trackers

CMS specifications for new generation
RH sensors:

v Low mass and Small dimensions
v’ Insensitivity to magnetic field
v" Environment T down to -10 °C and in [0, 100] %RH range
v Accuracy: better than +3 %RH

v" Reduced number of wires

v High long term stability
v’ Radiation resistance to dose up to 1 MGy (100 Mrad)

G. M. Berruti’s CERN Doctoral student program (2012) :

* CERN PH-DT group
* CMSTC

* CMS TRACKER

* University of Sannio

Funded by : —

17/06/2015 Radiation tolerant fiber optic sensors for long-term humidity monitoring in the 2
CMS experiment



Currently at CERN for RH monitoring

1) Different types of miniaturized sensors

(standard capacitive) NO-ONE satisfies CERN
requirements:
CON HONEYWELL SENSIRION . .
rl,-lFfsEzooo H|:403cE) E5|-|TR75 - Not radiation hard

- “Dead” at absorbed

" ‘_ radiation doses < 10 kGy
| ' 2

2) Remote air sniffers

Measurements with laboratory instrument on air samples transferred over long distance

i |:> - No distributed sensing
» ) o
N Only time-averaged
l measurements
Vaisala DRYCAP Dewpoint / provided

Transmitter DMT242 Sniffer rack in
remote laboratory

Our solution: Fiber Optic-based relative humidity sensors
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Fiber Optic Sensors

For a large number of environmental monitoring and industrial applications
fiber-optic sensor technology offers several advantages for significant

metrological improvement through:

* High sensitivity

* Immunity to electromagnetic interference
e Lightweight

e Possibility to work in harsh environments
* Versatility

* Absence of electronic circuitry in the

measurement area
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Fiber Bragg Grating fundamentals

FBG is a permanent periodic modulation of the refraction index in the core of the fiber

Optical Fbar
Broadband Light H
N\ |
I'\O Fibar Cora )‘l l }I )' —
W .' y A Bragg Wavelength

|

Fiber Bragg Grating

A Reflectad Bragg Wavelength

* ngisthe fiber effective refractive index
(neg ~ 1.455 in silica)

X‘B — 2 ° neff ° A * Aisthe grating pitch

(typically ~ 500 nm)
* Agisthe reflected Bragg’s wavelength
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FBG- based Strain and Temperature Sensors

P ® Strain changes: || E—— -
S.=1pm/ue
A>T —&A /A via direct deformation €

\ y - Ny Via elasto-optic effect

PSD [milliWatthem)]
a »

05}

Temperature Changes: o Sp=10 pm/oC /7

- A via thermal expansion
N via thermo-optic effect

PSD [miWatthm)

0 bt n" bt | N o A bk
1548 15485 1549 15485 1550 1550.5 1551 15515 1552
inghezza d onda [nm)})

For strain measurements, discrimination between temperature and strain needed:
Strain free reference FBG sensor coupled to another FBG
(T-Compensation technique)

* FBG- based Temperature and Strain Sensors already in use in CMS since 2009
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FBG Multiplexing Principle

* Up to hundreds of FBG sensors
can be realized within a single

Bragg wavelength }*B = E'J\'neﬁ optical fibers by changing the
grating period

A)\B_i=2 n AI

*  Maximum number of sensors is
ruled by taking into account:
- spectral range of the light
source
- maximum wavelength shift of
each sensor

e Typically a dozen of FBGs is a
reasonable number
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.. Why FBG-based sensors?

FBG Sensors: Standardized Technological Platform

Tens of dozens of sensors
Distributed over 100 km

... An attractive sensing solution:

Optical fibre

- Wavelength encoded
- Linear output '
- Multiplexing
- Reduction of cabling complexity

- All the FOS Advantages e

193 nm
S

——

P

- Multi point Sensing
- Multi parametric sensing

,l,‘ihre Bragé Gra{ing?
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FBG as multifunctional sensors

Functionalization: integration with appropriate materials and suitable

packaging to measure physical, chemical and biological parameters

FBG + COATING:
Multi-parametric sensing Optical Fiber FBG
@ l_((((«((((((u(/_ —
—— f
 Magnetic field Coating
* Humidity

* Cryo temperatures
=4 °* Acoustic waves

 Weight
* Chemical and biological analytes e o>
_* ... Bragg wavelength Shift
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FBG-based sensors for CERN

FOS CMS Experiment
Community: CERN: PH'EJCGFOUP

academic and industrial partners TE-MSC Group

- gy ) S, /1 -~
Il:::gr]):inositv “\h @j . . INFN y = CéM éi
PLIHC 2\ 0T e @t (- .. ’ e

dcgl!blll
opto}< nart R&D On:

det Sannio
* RH- FOS based sensors
H * T and strain FBG-based sensors
FOS4H E P COI Ia boratlon * T and strain FBG-based sensors for

o superconductive magnets
from 2009 ° * B-field FBG-based sensors
* Dosimetry
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FBG-based relative humidity sensors

e Bare FBGs are insensitive to humidity

e Use of a sensitive material as coating of the FBG to induce a mechanical effect

e Hygroscopic polymers swell upon adsorption of water molecules

N
\Q ]
Water molecules

absorbed by the
hygroscopic coating

17/06/2015

Development of humidity sensor by coating the FBG with a

L

polyimide film

Coating expansion “ Strain induced ‘l Bragg wavelength shift
(“Swelling effect”) on the FBG (AAR)
FBG-RH Water molecules
sensor
cladding
core (e
Polyimide coating
Radiation tolerant fiber optic sensors for long-term humidity monitoring in the 11
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Temperature compensation

* Polyimide-coated FBGs intrinsically sensitive to temperature:

—
Al = f(AT,ARH) =(S, (T,RH)-AT )+ Sy, (T,RH) - ARH

» Temperature compensation scheme required to extract RH measurements from the

sensor readings

Final configuration of FBG-
based thermo-hygrometers
developed for CMS:

2 FBGS coupled side by side
(1 poly-coated and 1 bare)

POLYIMIDE
COATING

I

FBG1 uncoated
T- SENSOR

FBG2 coated
RH SENSOR
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..Use of FBG as RH sensor not new in literature..

Pl vy s Pruod K. R  forrelative humidity sensing

Institute of Struclural Esgiscering and Mechanics, Swiss Federal lastitule of Techrology, CH.1015 Lausaane, Switzerland TL. Yeo L T Sunl KTV Gmtan‘ D Pmb R Ladeb BD poweub

et > . G Li
R Sicrart st Yame G. Lasbityu * School of Exgineering and Mathewarscal ciences City Unharsiy, Northawnon Squave, London, ECIV 0KB, UK
Institute of Applied Optics. Swiss Federol lastilute of Technology, CH-1015 Lausanne, Switzerland ¥ Xadde Pic, Colnbrook Berkshire, SLIOHS, UK

S F,bm,,. Received 17 November 2004, accepepd oy 2005
P D

5 4 0.45
o RH sensilivity ] T 040 =
— i e 1
'-'E 4 | O Tsensitiity l—o i E 035 | B
& e e d % < ] o
¢ o o £ 030 — ¢ 10pm
E 3 v ~ § =i 5 ] o e 17um
S ] & £ 0'251 %
3 o e 1 L k. i 7] = ] & e 24 ym
n e o 8 g F € 020 i
.'E' 2 ,"@"‘-. =3 g »""@——' E 2 ] 8 et A .
i T 3 f o L
5 1fg % 2 A 5 %go.wi Bt et e 8 o |o%2um
T @ _,.'=§-*:J o ]
o - = 0.05
T “
Y ol N I S 000 Lmt
025 05 ors i 125 15 175 20 30 40 50 60 70 80 9 100
Coating cross-section area, A, [10° um’] Relative Humidity (%RH)
* RH measurements limited to [10, 65] °C and [0-10] %RH ranges
 Completely unexplored the effect of ionizing radiations
17/06/2015 Radiation tolerant fiber optic sensors for long-term humidity monitoring in the 13

CMS experiment



Optoelectronic interrogation system

* Commercial optoelectronic interrogation system

* Same interrogator already in use at CMS for T/strain FBG-based sensors

Optical Sensing Interrogator | sm125 [@ g'pc.:rnlgg

Optical Sensing Interrogator | sm125

Specifications sm125-200 sm125-500 sm125-700

MICRON
[4 oPTICS Optical Properties

Number of Optical Channels 1{upto 16) 4({upto18) 4 [upto 16}
Scan Frequency 1Hz 2Hz SHz
Wavelength Range 15201570 nm 1510-1590 nm 1510-1580 nm
Wavelength Accuracy ? 10pm 1 pm 25pm

Wavelength Stability*
Wavelength Repeatability © 1p 2 <
Dynamic Range® Optical Sensing Interrogator | sm225

Full Spectrum Measurement

Internal Peak Detection Made

FOS interrogation system in P — pecifications (B $m225-200 $m225-500 £m225-800
PH-DT laboratory T
Interfaces ‘ o F et 1 Hz B :,» 35”,4_
Protocals 1520-1580 ner
Remote Software 10 pm 1pm 1 per
LabVIEW™ Source Cade LT
Enhanced Data '-*.a'vagem!r.t Ipmat 1H 05pm at 1H2, 0.2 pm a1 0.1H2 1pm a1 0. 52
Mechanical, Environmental, Electrical Pi ‘r ”w "‘ =
Dimensians; Weight ncluded
4 Humnidity Included
Optical Sensing Interrogator | sm225 Aumicity o -
FC/APC (E2000 available)

P, NNECLors
v Data Processing Capabilities
terfacas Ethernet - other interfaces availsble via an optional Internal Sensing Processor

Rack Mount Module
-16 channels available ot otage
-Hundreds of sensors readable O Lo I
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PH-DT experimental set-up

 RH-FOS interrogation setup available in Crystal Palace

Optical Interrogator

Dew Point Meter =

FOSs

WH i

AT 1

PT100s

Mixed/Dry airi

Thermo regulated
Climatic Chamber

AR Huzoll AR Flow regulators
( ]
PC
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Investigations @ CERN about RH-FBG sensors from 2011

RH(%)

JxB (nmy

R ZOOC G. Berruti’s Master thesis: Radiation Hard Humidity Sensors for High
e S p O n Se at ’ : Energy Physics Application using Polyimide-
- 5 month s st age |I coated Fiber Bragg Gratings Sensors

G. Berruti, M. Consales, M. Gierdano, L. Sansone, P. Petagna, 5.

T T T T T T T T T T T T T T in PH_DT group Buontempo, G. Breglig,: 212:;:.;1:?;3?2[;5%505 and Actuators
809 —— HIH commercial sensor __[ 156978
—— FBG sensor S1
50 -
- 1569.76
s0- . In-house fabricated sensor:
B £
e - multiple dip coating
30 4 s
N 156072 - oven curing cycles
- polyimide: PI2525 HD Microsystem
104 - 1569.70
1o Pyralin 12
04 . . . i . . —1 1569.68 . . .
s o0 100 190 200 280 200 350 Optical microscope .|mage qf sample S1
time (min) (~23um-thick coating)
. .. T and RH Sensitivities
Characteristic curves
Spy=2.09 pm/%RH+20% 521008 pm/ C12%
2,34 :
15696 - s T=20°C Sensor S1 - 1064 .
' e T=0°C 224
T= [ ] 104
1569.8 1 T 102
;5 214 g -
1569.7 - T £ 100
& 204 o
I 9,8+
o
1569.6 - T 2 06
L 944 n
1569.5 18 . . . . . . . . y T T T T T T
-20 -15 -10 -5 0 5 10 15 20 25 0 20 40 60 80 100
T(°C) RH (%)
1569.4
0 IID 2‘(] 3‘0 4‘0 5‘0 6‘0 TIU 8.(] 9‘0 160 H | I
. Slight dependence of S;,, on T and S; on RH !!
17/06/2015 Radiation tolerant fiber optic sensors for long-term humidity monitoring in the 16

CMS experiment



Issues Related to Radiation Tolerance

Sensitive to radiations
2 categories of

commercial electronic humidity

SENSOrsS \ Not resistant to radiations

(“Die” in presence of radiations)

NO COMMERCIAL SENSORS AVAILABLE ON THE
MARKET SUITABLE FOR HEP APPLICATIONS!!

. L Depending on:
* FBGs are resistant to radiations - Writing technique

* FBGs are not insensitive to radiations - Type of fiber

(F. Berghmans et al ,Fiber bragg grating sensors in nuclear environments, in: A. Cusano et al, Fiber Bragg Grating Sensors:Recent
Advancements, Industrial Applications and Market Exploitation, Bentham Science Publishers, , Ch. 12 (2011) 218-237 )

2

L2 Are FBG-based thermo-hygrometers
suitable for HEP applications?
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FBG-based thermo-hygrometers under radiation

7-10 OCTOBER 2013
SIENA, ITALY

RADIATION HARD POLYIMIDE-COATED FBG

Ceramic Packaged

13th TOPICAL SEMINAR ON INNOVATIVE PARTICLE AND RADIATION DETECTORS

OPTICAL SENSORS FOR RELATIVE HUMIDITY
MONITORING IN THE CMS EXPERIMENT AT CERN

FBG T-sensors

Buontempo, G. Breglio, Z. Szillasi, N. Beni, A. Cusano

A. Makovec, G. Berruti, M. Consales, M. Giordano, P. Petagna, S.

—a

1512.75

EEE Photorcs Joumal

Comparatve Study of FOS for RN Monrtorng)

Val 6. No. 6, December 2014

A Comparative Study of Radiation-Tolerant
Fiber Optic Sensors for Relative Humidity
Monitoring in High-Radiation
Environments at CERN

G Berrutl,'* M Consates.’ A. Borvielio,” M. Glordane,” 5. Buontempo,
A Makovec.’ G. Breatio.* . Petacna’ and A Cusana'

10.2 4

Linear response ’ - oy
. . . 704 f d| _ . 10.0
Commercial Micron Optics (0s4310) ™7~ ©nimes D one
. 1512.65 n ki
Irradiated up to 210 kGy g okey ool L. _
. . . . £ 151260+ = 150kGy E -
Negligible variations of S; & ) 210kGy S ]
Radiati ind d shift to be tak 151255 ~ 2o S; unaffected by
adiation-induced shi 0 be taken 1512.50 00 Y-radiations!
into account
0 50 Dolzﬂe (kGy)lSO 200
Poly- Coated
FBG RH sensors
oos] * T=20C 10kGy 7
e T=20C 50kGy v‘ 184
) 4 T=20C 90 kGy
T=20C 210 kGy - 1.6 4
Commercial sensors (Welltech) o Z L.
Coating thickness:10 pm (nominal) 3 ool o 5 12
‘ Y : Sg., unaffected b
Irradiated up to 210 kGy Linear response ? 10 o et y
Sensing performances unchanged confirmed!
Radiation-induced shift to be takeninto . ¢ © » % w0 = T ey ™
RH( %) y)
account
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Engineered FBG sensors for radiation tolerance

Derivative Shift vs Irradiation

& E
= 33—
100 4 T F
& -
% 25 After 100 kGy very low
804 Q E sensitivity to further
= oF- irradiations
- 604 ? E
& After 100 kGy linear < 3
- increase of AAg with © 15
~— 40 =
@ the dose F
=< r “« ” .
< 5] i Safety” zone:
0 0.5:— IOW Sv-irr
il R DR . |
[I} 5I0 160 15IU 260 25IU 0 50 100 150 200
Dose ( kGy ) Dose [kGy]
N
S -

Pre-irradiation of FBGs is suggested to bring them in the “Low S, . zone” before
installation in high radiation environments

Frontiers in Optics 2013/Laser Science XXIX © OSA 2013 ;iE%E%TgSE;E;g;';AH ON INNOVATIVE PARTICLE AND RADIATION DETECTORS TREE Pretonicos Jouwnsl Comparaiive Sy of FO%s tov AN Montorg
SIENA, ITALY
. . .. . L Q . A Comparative Study of Radiation-Tolerant
Multifunction Fiber Optic Sensors RADIATION HARD POLYIMIDE-COATED FBG Fiber Optic Sensors for Relative Humidit
for High Energy Physics: OPTICAL SENSORS FOR RELATIVE HUMIDITY N?omloﬁng in High R;dhllon y
o % MONITORING IN THE CMS EXPERIMENT AT CERN A =
“The FOS4HEP Project at CERN™ Environments at CERN
I b A G, Berrutl,'* M. Conaales,' A. Borrietio,” M. Girdano,” 5. B
A. Cusano™. G. Breglio* M. Consales”, M. Giordano"", A. Cutolo* A. Makovec, G. Berruti, M. Consales, M. Giordano, P. Petagna, S. A Matovec.” G. Brealio.” P. Petaana.” and A. Cusano’
B. S. Buontempo®, P. Petagna’. M. Bajko' Buontempo, G. Breglio, Z. Szillasi, N. Beni, A. Cusano Vol B, o, B, Decomber 2014 TEaT015.

« Commercial capacity RH sensors permanently damaged before the 10 kGy dose

10 kGy absorbed dose corresponds to 2 years of LHC activity considering ( from Fluka Simulations):
- Luminosity of 100 fb-1
- Sensors 40 cm distant from the beam pipe
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FOS installation in CMS tracker (1)

For the collected very promising results:

CMS Tracker financed in 2012 the purchasing of 80 optical FBG-based
thermo-hygrometers for TEMPERATURE, RELATIVE HUMIDITY and DEW
POINT MAPPING in front of the tracker volume of the experiment

=
* Design %/ ' ! <ﬂConsiglio

Nazionale delle
« Manufacturing OPTELECTRONICS grop Ricerche

* Quality control W/
OptO}( 3
41’
e (Calibration and testing TN g h
Before/After Irradiation enectorresmney OPTRELECTRONICS gruy
L . o . .
* Installation in the experiment
* Monitoring
= Universita degli studi
di Napoli Federico Il
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FOS installation in CMS tracker (2)

72 FBG- based thermo-hygrometers installed in CMS Tracker, providing a full map of T, RH

and DPT in the volume
Z- Bulkheﬂadrlrnsride 7 Z+ Bulkhead Inside

l}) 28 FOS

thermo-hygrometers

28 FOS
thermo-hygrometers %

15: located in PP1 Sector A

16: located in PP1 Sector C

Z- Bulkhead Outside Z+Bulkhead Outside

8 FOS 8 FOS
thermo-hygrometers ® thermo-hygrometers ®

FOS pre-irradiated at 210 kGy before installation to reduce the cross sensitivity due to irradiation
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FOS installation in CMS tracker (3)

* FOS coupled to commercial T+RH sensors (read out with ARDUINO microcontrollers)

for cross-checks during LS1

* On the volume, a few sniffing points also available for comparisons

COMMERCIAL RH+T SNIFFING PIPE
SENSOR

FOS Thermo-Hygrometer
(T sensor + RH sensor) FOS Thermo-Hygrometer

Commercial RH+T sensors: expected to “die” for LHC operations, depending on the

absorbed dose

Remote air SNIFFING: not influenced by LHC collisions but no distributed sensing or

T/RH/DTP mapping provided

FOS-based sensors: demonstrated to be TOLERANT TO RADIATIONS, will provide full

mapping of T/RH/TDP in the volume even during LHC operations
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S 2
2

DPT(C)

First example of FBG-RH sensors in operation in CMS

— TFOS

32

TRef

30

28

26

\

22 N

\

d

18 f

Wmﬂ \

’ !

16

28-10-14

17-12-14

05-02-15
Time(Date)

27-03-15 16-05-15

— RHFOScorr

| ——RHRef

)

05-02-15
Time(Date)

27-03-15

-10

-20

17/06/2015

28-10-14

17-12-14

05-02-15
Time(Date)

27-03-15 16-05-15

Radiation tolerant fiber optic sensors for long-term humidity monitoring in the

CMS experiment

1
Sensor F5-H-18 ——m—M8 > G
4

installed here

S: located in PP1 Sector C

6: located in PP1 Sector C

7: located in—Cable Channel 15-A (Section
5 closeto border with 4)

14: located in Cable Channel 7-A Section 4

15: located in PP1 Sector A
16: located in PP1 Sector C

* 9 months of measurements
(October 2014 - June 2015)

* Sniffer not available in the
installation point
e Commercial based DP sensor
coupled to the FOS:
- expected to die with LHC
collisions

FBG-based thermo-hygrometer
will be the only sensor to
provide T, RH and DPT readings
during RUN2

23



Benchmark in the RH sensors market

- Developed by Sensirion
SHT2X: - Considered as high-end model of new generation of digital RH+T

Sensors

Declared behaviour of Sensirion SHT2X

T
% i Ac
2 Typ. RH toleranca @ @ 225
Typ. emperature toleranca
220
£
215
=4
SHT20 . - =10
SHI' A :
= T - SHT20/SHT24
+0 <00 SHTZS :
0 o 20 o 4 0 & Mm@ W N £ 2 0 2 I &0 B0 G|
Petxive Hunidiy (% RH) Temperature ()

* RH Accuracy values exclude hysteresis (+1 %RH declared in the datasheet)
* HIHs RH sensors installed in CMS and coupled to optical fiber based RH sensors

during LS1 show at best comparable performance
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Second example of FBG-RH sensors in operation in CMS

FOS, Reference and Sniffer readings in comparison on Positive Side

~ bpFos
——— DPRef.
-10 —— DP Sniffer ||
20 ¢
\
30 ;
)
=
g 40 :
50 ‘ ‘\[H m'm vvvvvvvvvv o S niff
] il i v ‘HHH‘WW ‘UHHU Ml m H f"{ - FOS F3-H4
0 \Lmh | ‘M W“HHHH ”\HW m\\\u PR inthis position
70
2810-14 171214 050215 270315 16-05-15
Time.(Date) . . . . .
FOS, Reference and Sniffer readings in comparison on Negative Side
— DpPFoS
0 —— DP Ref
10 — DP Sniffer
-20 | o=
30 M
®
= a0 I @ |
a - w L Inr Ll}l.h | | I“L,Jm WNW
] ,‘
. o [ ]l et
- i IRIRRAE () al :
- =" Sniffe
NnESP”rBHV pxg FOS F2-H-14
-80 T inthis position
28-10-14 17-12-14 05-02-15 27-03-15 16-05-15

Time(Date)
Very good FOS DP reconstructions in comparison to reference
e 9 months of measurements commercial sensors (which will “die” with LHC radiation) and the sniffer
_ readings (average measurement, as available in only a few sniffing
(October 2014 — June 2015) boints in the volume)
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Third example of FBG-RH sensors in operation in CMS

24 T T
|  BH outside, Positive Side
22
N " Pl e ~3 months of measurements
soLaey q:n‘mm\' il ‘2','}!}11""‘“\:"'5 l"ﬁm _ pos3
B i w%m'm }W A | % post (March —June 2015)
Cu WM e Sﬁiz * Complete map of Temperature,
pos
SR AL i Relative humidity, Dew point on
Al ‘ M I L 1 W
W the volume provided ONLY by
14
FOS
O%—203-15 17-03-15 27-03-15 06-04-15 16-04-15 26-04-15 06-05-15 16-05-15 26-05-15 05-06-15
Time(Date)
70
60
50 boe2
- ,\/:;n‘::’:\ T pos3
\ ”’% ! ’,ﬂ\a b JL'““MM“ N ‘w / N S Egzg
. ;;ﬂm%w Y e i ;ﬂF | poss
N L ocs
" Ref. pos2
0
17-03-15 27-03-15 06-04-15 16-04-15 26-04-15 06-05-15 16-05-15 26-05-15 05-06-15
Time(Date)
15 :r
10 o
5 pos3
pos4
5 0 pos5
< 0S6 » b .
A ‘ bos? - Only one sniffihg point present on
- Ll TN N pos8 .
L i Ref. pos? the BH outside (pos. 2)
WMMWW | * Sniffer pos2 . .
L - Commercial RH+T sensor present in
-25 . . . . .
pos. 2 will “die” with LHC radiation
17-03-15 27-03-15 06-04-15 16-04-15 26-04-15 06-05-15 16-05-15 26-05-15 05-06-15
Time(Date)
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Example of T, RH and DPT mapping with FOS

» Referring to a steady state condition (referring here to 12" April 2015)
* FOS installed on BH outside-Positive Side

TEMPERATURE DEW POINT TEMPERATURE
21.7C

RELATIVE HUMIDITY ~ -8.3C '
12.8%

®
-11.3C

Complete map of
Temperature,
Relative humidity, Dew
point on the volume
provided ONLY by FOS
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Summarizing..

FIBER BRAGG GRATING-BASED RELATIVE HUMIDITY SENSORS:
- R&D program completed

- Consolidated technology

- 3 years of work experience accumulated

RH

* The installation of the FBG-based thermo-hygrometers in
CMS tracker represents the very first real application of
this technology in real environment

e All the requests from CMS experiment fully satisfied:

Reflection (dBm)

- Reliable system —_— ” ’
avelength (nm)
- Muulti-point map in terms of T, RH, DP conditions in the

tracker volume
- Sensors surviving to radiation exposure

For higher accuracy at low dew point,
development of a second generation of FOS launched:
LONG PERIOD GRATING-BASED RELATIVE HUMIDITY
SENSORS

_R&D in PH-DT from 2013 W

Wavelength (nm)

Transmission (dBm)




LPGs’ operation principle
“Long” grating (from 100 pumto 1 mm)

LPG couples light from the fundamental guided core mode to discrete forward-propagating

cladding modes

Each coupling happens at a distinct wavelength:

Neft core = COME effective refractive index

. ni ) A A ;= resonance wavelength
eff ,core eff ,clad fori,, coupled mode

Phase matching lr%’i _ (n

condition

N 00 = Cladding effective refractive index
fori,, coupled mode

As a result of this process, the LPG transmission spectrum shows several attenuation bands

Cladding mode
Fundamental

guided mode

o [ Tl |(v |/

= = i | |

5 10r > n 5 .10 v | | ||I

3 o R | X

£ = € J

= .20 2 20 .

- 1) o

_:jl%[][] 1100 1200 1300 1400 1500 E . ! - {000 1100 1200 1300 1400 1500
Wavelength (nm) ! o ' Wavelength (nm)
: LPG length, L |
Spectrum before the LPG < S >, Spectrum after the LPG
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Multi-parametric sensing with LPGs

* LPGs are sensitive to different environmental parameters (T, strain, bending...)

* Particularly interesting is their sensitivity to surrounding medium refractive index

Increasing
SRI

Wavelength [nm]

Fibre jacket

Surrounding
medium

,,,,,,,

2
\/[
Transmission [dB

Core: 1.0 Cladding: 7.

* The SRI change induces a n cladding modes variation and, consequently, a different phase

matching condition.

Optical fiber LPG

LPG + COATING: —

Multi-parametric sensing

h

Coating
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LPG as RH sensor

. . LPG
Development of LPG- Optical flber

~ A~ based RH sensors by \ /

- )~ . . . (@@ .
AP coating the grating with

i material able to respond to 7
physica| stimuli Hygroscopic coating
'Moisture _ Modification of Spectral variation of
absorbtion/desorption by | coating RI || attenuation bands

the coating

e Different coatings explored in literature:

- polymers, hydrogels, gelatin..

Three different metal oxides tested
(SnO,, TiO, and Al,0,)

TiO, selected:

e Completely unexplored in literature:
- behavior below 20 %RH and below 15 °C

_ effect of radiations - high refractive index (n = 1.96)

e |dea: to use oxides as coatings: - hygro-sensitive characteristics

- stable - very stable (no aging)

- expected to be radiation resistant  ~ eeee
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Characterization of LPG

RHyef (%)

° Julp 19 NRE ) Ved 0B, Ra 0 OPTICE LETTERS IHHE Fndamn kel Fhaly i FiEa ke FH
Respon se at 25 C Nﬂnﬂsﬁﬂl& Tiﬂg—ﬂﬂﬂtﬂd [‘Pﬂﬁ a5 I'ﬂ[l.iﬂ.t.i.ﬂﬂ' A Comparative Study of Rediation-Tolarani
tolerant humidity sensors oo G Sersars tr Pl ity
40 | " T " T " T " T for high-energy physics applications “M“_E::_"’f":"::‘::ﬁ:’: —
35 - L 1558 | ™™ e el bt i Pk P’ b ot ————
30-
25 L1556 __ In-h . )
_ £ n-house fabricated sensor:
[
20'_ ) * Sol- gel dip coating for TiO,
- 1554 © .
15 4 o deposition
10 ] o * Multiple depositions needed to
. < . .
] | 1552 get the desired thickness
51 * ~100nm estimated TiO,thickness
04 20x microscope image of a
. T ' T ' T ' . 1550 TiO,-coated LPGprobe
0 100 200 300 400
Time (min P
(min) Characteristic curves
1558 = T:250C
1556 ° T:].OOC
* Ao blue shift induced by TiO, + T=0°C
’ . ’é\ 1552 T:_]_OOC
water molecules absorption S ]
* Similar results at 10, 0 and -10 °C
< 1546
* Non Ilnear characterlstlc curves 1544
1542 <
' 20 40 60 80 100
RH(%)
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Sensitivities of LPG

SE (nm / %RH)

RH Sensitivity
—T=25C
S —T=10C ° . . .
—1-0C * At 25 °C, Sgyis 1.4 + 0.11 nm/%RH in the
07 . —T=-10C
0° \\ range [0-10] %RH
N
N
o N Sy from one to three orders of
magnitude higher than the one of
~N polyimide-coated FBG's*
TN
N
SN * For a coated FBG, Sp,;~ 1 pm/%RH
001 1 10 20 30 40 60 80 100
RH(%)
T Sensitivity 030
St mean™ 0.250£0.015 nm/°C

* Precise T - compensation required only if very precise RH
measurement is needed

o
)
o

.. . . o %)
If no compensation is applied, a T reading errorof + 1 °C T sessssssssssssssEEEEEsIEIEIEIELNES
c
corresponds to: e 024 - .
e 7-10 %RH error for coated FBG based RH sensors 022
* 0.5+1 %RH error for coated LPG based RH sensors
0.20
. . . 0 20 40 60 80 100
* + 1%RH is the typical RH error declared for commercial RH sensors RH(%)
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LPG’s Radiation Tolerance investigations

* Investigations about the sensing characteristics of LPGs after Y radiations
dose exposure

8- 354
1 ] 25°C at 0 kGy
7 .- u 30 —— 25°Cat 10 kGy
" ] -l [ ]
® ~—~ 25—
- = T
E l' IIG 20 -
S 4 " 3~
o T 15
:;‘l?:_ 3-_ - = 1
=24 - T oo
= o
=] w 1
— 11 ® " 5°Cat 0kGy 05 -
o4 B e 25°Cat 10 kGy 1
] 0.0 -
-1 I I ! I i I N I ! I ’ I ! I i I T T T T T T T T T T
0 5 10 15 20 25 30 35 40 1] 20 40 B0 a0 100
RH(%) RH(%)
* |rradiation campaigns at higher doses to be performed
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The FOS4HEP project started at CERN in 2009 for developing novel and high

Conclusions (1)

performance multifunctional fiber optic sensors to be used in CERN

experiments and accelerators

Different R&D projects launched over the years launched:

- FOS for strain and T measurements in CMS (raisers, Ipipe, YE4, T-UXC, PLT, BRM, RPC)

- FOS for humidity measurements in CMS (tracker)

- FOS for B fields measurements (prototypes)

- FOS for cryogenics in LHC (T and strain in SC magnets and cryo Power-lines)

- FOS for dosimetry (prototypes)

CMS and PH-DT group fully involved in the development of a new

generation of relative humidity fiber optic sensors for high radiation

environments in collaboration with academic and industrial partners
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Conclusions (2)

FOS for humidity measurements at CERN:

cMs, !
1) FBG-based RH sensors '
e R&D started in 2011 e
* 4 years of work experience accumulated preot
* 72 FBG-based thermo-hygrometers installed in CMS Tracker: @ H

- Reliable system in acquisition H24 OPTRELECTRONICS gous

- Providing for the first time a full punctual map of T, RH, DPT

- Tolerant to radiations, will be the only reference during RUN2 with (’_i N

sniffers for the hygrometric control of the air
* Conventional sensors will “die” with LHC radiation (ﬂgg;jgggde"e

Ricerche

* NO multi-point sensing with sniffers (only a few points available)
2) LPG-based RH sensors opto.

e R&D started in 2013

e Very promising first results (in terms of performance, radiation tolerance...)




Thanks for your attention!
Bedankt voor uw aandacht!
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