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Photonic and Quantum Sensors for Practical Integrated Primary Thermometry

m Industry Overall objective

Our ambition is to change paradigm of temperature traceability with
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Metrology Need: integrated, in-situ, self-calibrated, wide-range temperature sensors a novel small-scale embedded in-situ primary temperature standard.
Need fO!' a pra.ctical primary thermo- @ The goal of the project is to develop integrated photonic and opto-
meter with ? W'fie range (‘_‘ K to'SOO' K) \ | mechanical quantum-based practical primary thermometry from 4 K
ff;" t:e "iahsat'g" and dissemination Applications [ to 500 K, validated and traceable to best temperature standards.
of the thermodynamic temperature ] /|
according to the mise-en-pratique for . . Integrated photonic and quantum temperature sensors
the definition of the kelvin * Photonics/Semiconductors * Hydrogen energy Broad T . £ . 500 K
. * Quantum (computing, metrology) ¢ Lab-on-a-chip ',‘Da range: e cryogenlc-s L0
@ Y s High accuracy: 0.05 K uncertainty
In situ: chipset technology
. : * Aerospace
Practical Quantum Standard No drift: primary sensor
* SPRT Replacement Insensitive to EM field: photonic sensor
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Absolute quantum reference S | | Absolute Relative primary High sensitivity, e.g. Si-PIC: dA,, /dT ~ 75 pm/K (fiber: 10 pm/K)
Radiation pressure noise induces Fus Quantum Optomechanical Noise
corrslations ?e:v:een the ::ield's Q s F, reference Thermometry Enhanced temperature range
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m Based on the outputs of the JRP 17FUNO5 “PhotOQuanT”, RS TR T R T Implementation
4 technical objectives progressing beyond the state of the art: outputs
v’ “PhotOQuanT” outputs O state of the art » PhoQuS-T progress 23FUNO1 PhoQuS-T
|1) Optomechanical noise thermometry (4 K to 300 K) and quantum thermometry (< 10 K) WP1 (45 PM) o I EER
v High Q factor qptomechanical resonators Q Self-heating is main systematic effect » Absolute quantum ther y below 10 K . Optomechanical thermometry
(SiN, GaP) fabricated and tested . . . . N P . - .
Q Noise thermometry is relative technique » C relative & ther Y ~
v Noise thermometry protocols developed and (optics/photonics & optomechanics) from 4 K'to 300 K (utarEEf 0.1 K)
P Q Only one demonstration of quantum
see correlation thermometry by NIST in 2017 > Reduced self-heating with new design * Quantum sensor < 10 K (utarget ~10 %)
> Array of sensors for wide T range operation
c
|2) Advanced photonic thermometry (80 K to 500 K) 2
WP2 (51 PM) =
¥ Siring resonators (RR) fabricated (Q = 105) O Restricted operational range (150 K) due to > Broad operational range from 80 K to 500 K £
and tested around room temperature the free spectral range of single RR with advanced design (e.g. coupled RR) * Photonic thermometry in extended. ‘g g
¥ High sensitivity: 75 pm/K, resolution: 10 mK Q Self-heating due to the two photon » Reduced self-heating for RR range from 80 K to 500 K, Ugarget ~5mK g- S
B g ) . 107
v Theoretical study: SiN high potential for RR gosciEtoninl rhICk sl pIa;forT o S'j(glflgg/a 4% + Passi i SiN d o InP ;o 'S
(transparent in visible range, no two-photon ' O Active photonic thermometry (combining . ’\?W proptag? IK;I'“N osse;é; \}IS dm|:a) assive (Si, SiN) and active (InP) = ©
absorption (TPA)) laser + RR on a chip) explored theoretically ew material SiN (no 4 and IR) ® c
» Active photonic thermometer demonstrated ‘ 4 g
(towards fully integrated chip-based devices) ~ ~ ,'i glb
= @
3) Robust fibre-to-chip coupling packaging solutions (4 K to 500 K) WP3 (40 PM) t H
v’ Free-space coupled devices with active Q Low-loss robust fibre-to-chip coupling is » Low-loss robust fibre-to-chip coupling b | I d Kagi luti f = E
alignment systems were developed. needed for further practical applications. for practical applications from 4 K to 500 K Robust low-loss (target 6 B) packaging solutions for 2 E
B) i @euliig sellies e, bk (gluing, welding or mechanical support) photonic and optomechanical sensors (4 K ... 500 K) = %
are not tested over temperature range from » Co-packaged solution for optomechanical O . y —
4 K to 500 K. and photonic sensors _‘ ’7 ’— §
|4) Metrological validation and applications WP4 (69 PM)
v’ Optomechanical noise thermometry QO Optomechanics: NIST (2017) demonstration » Metrological validation
demonstrated over 4 K to 300 K range for quantum correlations thermometry *Quantum thermometry (< 10 K): Uy, ge; 10 % * Metrological validation (quantum, noise, photonics)
¥ Photonics thermometry demonstrated fom (171K 240308 2130019 “phoronic 30K . 300 K5 ens miarsoo | | [N
300 K t0 360 K (U514, = 10 mK) Q Photonics: NIST (2018) demonstration with Clopicl(E0l s ): Urarger 5 MK @ P
:,;hlzs—?g ?nr\;(rze;se:t;t:t;\;a:(t)NRc (2023) » Self-calibration demonstration - Applications (ion traps, pressure standard)
- » SPRT replacement possibility test ‘—’J
Q No practical application demonstrated > Practical applications demonstration B
(ion trap and pressure standard) User applications in HE “QuPIC”, JRP “MQB Pascal”
Ta rget groups * Int. and EU TC in thermometry: CIPM (CCT), EURAMET, RMO TC-Ts * Open access papers * Activities in networks * Website, newsletters
* NMiIs/DIs: temperature metrology « Conf. presentations * Training / univ. lectures  * Workshops, Staff exchange

« Scientific community: field of quantum and photonic technologies
« Start-ups, SMEs: quantum and photonic technologies This project brings together the recognised world
« Industries using embedded T sensors: semiconductors, aerospace, cryogenics, QT, H, energy COnsor um leaders with necessary expertise into a highly

inter-disciplinary and complementary consortium.
Outputs 2D  outcomes D Impact
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v New device fabrication capabilities for For CCT/TC-T and MNIs/Dls: > Direct in-situ calibration will enhance e Rl
photonic ring resonators, active photonic traceability efficiency, resulting in economic ecnam VTT SE NPL

Q Potential inclusion of photonic/optomech.

devices and optomechanical resonators primary thermometry within CCT MeP-K. anﬂ ePV|:anenFaI‘advar;taigs ()energy 7 o niversity
v New capabilities for packaging sensors by O strategic recommendations beyond 2030 OPEINZINON JCIISSIomirecuCHon @ TUDelft &= o i Universitst f Glasgow
laser welding, gluing, or mechanical support » Enhancing collaboration amongst European Q
Q Stimulating greater NMI activity in NMls, academia, and research institutions in S SORBONNE
v q N o ) 3 Universit 2 innovate
Is%e;gllfcalll:‘rattlop facilities tsrche:blseUt;K photonic/quantum thermometry to support quantum, photonics, and nano-scaled W e b el Eg .
DN T G2 Eee (KD K ETD [y the emerging EU metrology infrastructure. technologies will strengthen EU industry in

and optomechanical sensors (4 K to 300 K) h
7@ ot LD TGl For scientific community and industry: these key technologies. EUROPEAN m Cho-fEunded by
emonstration of self-calibration o i
> The new chip-scale in-situ primary PARTNERSHIP the European Union

combined optomech. and photonic sensor 0 Sensors embedded in chi for k .
drift-free measurements from 4 K to 500 K temperature standard has potential uses in
v’ Usability of the sensors in the demonstrated uantum, semiconductor, aerospace, and N
| ( Gard)il | O Adoption of primary th e B e METROLOGY .
applications (ion trap, pressure standart option ot primary thermometry reduces hydrogen technology, contributing to RA
PARTNERSHIP EU MET

reliance on ITS-90 traceability over time. Europe's leadership in these fields.




