) §
@ PROMETH20

A new measurement infrastructure for trace water in
ultra-pure process gases

www.prometh2o.eu

‘ N Rl M Vito Fernicola (v.fernicola@inrim.it)

bﬁg{gggcfjfﬁ'g%fom[m on behalf of the PROMETH20 Consortium

;o EURAMET




® PRO o N\
® MET |dentified needs EURAMET
»

HoO

Semiconductor manufacturing - demands for UHP UHP bulk process gases - need to be manufactured

process gases with total impurities as low as few with total impurities below 1 umol/mol in volume
ppb. (grade N6.0 or better).

Organic electronics - highly moisture-sensitive, Utility power generation - needs dry hydrogen
needs ultra-dry manufacture and vapour barrier (below 5 umol/mol) to cool down high-efficiency
coatings. stationary generators.

Instrument manufacturers - need traceable standards to support their product development while end-
users rely on them for instrumental testing and calibration.
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Water vapour is the single largest matrix contaminant in ultra-high purity (UHP)
process gases used in key technology areas (e.g. semicon. and optoelectronics).

Its measurement presents great challenges to both process gas producers and
analytical instrument makers.

The project is aiming at

 filling the gap between the demand of traceable measurements and the
available humidity standards currently limited at ~1 ppm (1 umol/mol).

* developing traceable and improved methods for trace water measurement
relevant to the production and use of UHP gases.

 facilitating the uptake of the technology by the gas industry supply chain
through exploiting knowledge and services developed in an European-wide
metrology infrastructure.
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** New primary standards for trace water vapour in N,, Ar and H, down
to 5 nmol/mol (or -105 °C frost point temperature) at pressures up to
1 MPa.

*** New/improved measurement methods in the amount fraction range
between 5 umol/mol and 5 nmol/mol (rel. uncert. 3 % to 8 %).

»* New data and correlation equations of water vapour enhancement
in N,, Ar and H, in the temperature range from -30 °C to -90 °C and
pressures up to 1 MPa.

» Demonstration at selected industrial facilities with real-time
measurements and on-site calibrations.

** Provision of a toolkit of metrological solutions for robust
measurement traceability in the production of UHP process gases, by
leveraging on improved standards and measurement capabilities.
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™ e Permeation system based
on a passivated magnetic-
suspension balance

O Range: 50 ppbto 5 ppm

Cathode Anode

@PTB Platinum

Physikalisch-Technische Bundesans| HZSO4(aq) Uu>24V
Nationales Metrologieinstitut

Details of the electrolysis cell

Coulometric Trace Water
Generator (CTWG)

O  Amount fraction > 5 ppb
Q  Rel. uncertainty: 8 %

Low-frost point primary humidity generator - Mark 2

O Frost-point temperature: -105 °C to -20 °C
O Water vapour mole fraction: 5 nmol/mol to 0.1 cmol/mol
O Pressure: 200 hPa to 0.68 MPa (N, and Ar)
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Highly-modular gas cells: (0.5 to 100) cm;

tic measurement: (0 to 100) bar;
| with DURSAN® coatings;

Two-way spectra analysis: “full” and “DOAS”
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Microwave-based trace water hygrometers

to measure the enhancement factor of H,0 vapour
in N,, Ar, and H,

Radiation shield

Microwave resonators

le cham
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Steering Board made of 21 key stakeholders among gas producers,
instrument manufacturers, and international scientific organisations.
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Nitrogen

Air

Argon

Chilled mirror hygrometer

Capacitive sensors

Electrolytic sensors 7 (23,3%)

Metal oxides (e.g. Al:O:) 12 (40%)

Spectroscopy analysers (CRDS,
TDLAS, FTIR...)

Other sensing technologies (e.g.
SAW, MEMS, ...)

10 (33,3%)

10 15 20
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20 (66,7%)

Hydrogen

Helium Carbon dioxide

“I need to measure the trace water content in pure
process gases as part of the quality assurance process.”

“We focus on hydrogen production by water electrolysis
and fuel cell applications.”

“We need an international traceable system for
kcalibration at under 0.1 ppm.”

/
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+* Make available primary national standard to provide traceability for instruments measuring trace water vapour to
serve the industry and support the accreditation scope of CABs.

» Recommend suitable transfer standards to support future international comparisons in the range from -65 °C to -105
°C (or 5 umol/mol to 5 nmol/mol).

+* Contribute to new or improved international guides, standards and recommended values of thermo-physical
properties of water-gas mixtures.

+ Develop validated software tools to estimate the enhancement of water vapour in N,, Ar and H, and its uncertainty in
the range between -30 °C and -90 °C and up to 1 MPa.

+* Demonstrate on-site traceable calibration and measurement of water contamination in UHP process gases at
industrially-relevant facilities.
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ResearchGate

PROMETH20 Metrology for trace water in ultra-pure process gases

PROMETH2O0 is a research project in metrology, funded by the European Metrology Programme
for Innovation and Research (EMPIR). Trace water is the single largest matrix contaminant in
ultra-high purity (UHP) process gases (e.g. Ar, N2 and H2) and its presence affects the process
yield in UHP gas applications. Even though the manufacturing of UHP gases serves many key
technology areas, such as high-value semiconductor manufacturing, the trace water
measurements are still lacking metrological traceability in the relevant ranges and matrix gases.
The project will fill the knowledge gap regarding the metrological traceability - by developing
traceable and improved measurement methods at challenging amount fractions between 5 ppm
and 5 ppb for use in the production of pure process gases - and will demonstrate its applicability
in the gas industry. The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR participating States.

View 1 Update

ResearchGate

Advance your research

¢ 20+ million members
¢ 135+ million publications

» 700k+ research projects

'.&'.' Communities created and cura

prometh2o

Showing 0 to 1 out of 1 communities.

Metrology for trace water in
ultra-pure process gases -
EMPIR 20INDO6 PROMETH20

View

This community belongs to the project 20IND06
PROMETH20 "Metrology for trace water in ultra-
pure process gases” which has received funding
from the EMPIR programme co-financed by the
Participating States and from the European Union's
Horizon 2020...

Curated by: rcuccaro
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THE PROJECT

© Overview

Trace water is the single largest matrix contaminant in ultra-high purity (UHP) process gases. Even though the manufacturing of UHP gases serves many of
the key technology areas, such as high-value semiconductor manufacturing, trace water measurements are still lacking measurement traceability in the
relevant ranges and matrix gases.

READ MORE
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Thank you for your attention!

EMPIR H -~

The EMPIR initiative is co-funded by the European Union's Horizon 2020
research and innovation programme and the EMPIR Participating States
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