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Semiconductor manufacturing - demands for UHP bulk process gases - need to be manufactured with
UHP process gases with total impurities as low as total impurities below 1 ppm in volume (grade N6.0 or
few ppb. better).

Organic electronics - highly moisture-sensitive, Instrument manufacturers - need traceable standards to
neeqls ultra-dry manufacture and vapour barrier support their product development while end-users rely
coatings.

on them for instrumental testing and calibration.

Global market for industrial gas reached $95 billion in 2020. It grew at 5 % per year.

In Europe, in 2020, the gas market reached a value of about € 15 billion.
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https://www.linde-gas.com/en/images/Gasworld%20-
%20Creating%20a%20Semiconductor%20FEB18 tcml

7-477345.pdf
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Creating a semiconductor and
the gases that make it happen

By Dr. Paul Stockman, Head of Market Development, Linde Electronics
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Water vapour is the single largest matrix contaminant in ultra-high purity
(UHP) process gases used in key technology areas.

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

The project is aiming at:

e filling the gap between the demand of traceable measurements and the
available humidity standards currently limited at ~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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Steering Board made of 21 key stakeholders among gas producers, instrument manufacturers, and
international scientific organisations.
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Surveying stakeholder needs and priorities
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Nitrogen Air Argon

11 (36,7%)

Chilled mirror hygrometer

Capacitive sensors 20 (66,7%)

Electrolytic sensors 7 (23,3%)

Metal oxides (e.g. AlO:) 12 (40%)

Spectroscopy analysers (CRDS,
TDLAS, FTIR...)
Other sensing technologies (e.g.
SAW, MEMS, ...)

10 (33,3%)

6 (20%)

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
calibration at under 0.1 ppm.”
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e 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. uncertainty 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.

MATLAB

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

* Toolkits of metrological solutions for robust measurement traceability in the
production of UHP process gases.
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19 partners from 12 countries = 240 person-months
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¢ Development and improvement of primary humidity standards
e Trace water in Arand N, from 5 ppm down to 5 ppb (Rel. uncertainty: 3 % to 8 %)

e Frost point temperature from -65 °C down to -105 °C (Std. uncertainty: 0.35 °C at -105 °C)
* QOperating pressure up to 1 MPa

\/

** bx systems

1 Three thermodynamic saturation-based frost point generators;
1 A Coulometric trace water generator;

d A permeation system based on a magnetic suspension balance;
O A dilution-based (two-flow) humidity generator.
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Cathode

Platinum

H,SO4. U>2.4V BEPIB

Physikalisch-Technische Bundesanstalt
Nationales Metrologieinstitut

LFP primary humidity generator - Mark 2 Coulometric Trace Water Generator Permeation system based on
O  Frost-point temperature: -105 °C to -20 °C (CTWG) a passivated MSB

O  Water vapour mole fraction: 5 ppb to 1000 ppm O  Amount fraction > 5 ppb U Range: 50 ppb to 5 ppm
Q0 Pressure: 200 hPa to 0.68 MPa (N, and Ar) O Rel. uncertainty: 8 %
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Development and improvement of optical analysers
e Target: H,0 traces in Ar, N,, H, [from 5 ppm (-65 °C) to 5 ppb (-105 °C) @ 0.1 MPa].
e Relative uncertainty: 3 % (at 5 ppm) to 8 % (at 5 ppb)

4x systems

1 NIR comb-calibrated frequency-stabilized cavity ring down spectrometer (CC-FS-CRDS);

1 NIR cavity-enhanced frequency modulated (CE-FM) spectroscopy hygrometer development;
 Far-UV absorption spectroscopy system development;

1 Upgrade of existing high-resolution FTIR system.
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Microwave-based trace water hygrometers

T | - to measure the enhancement factor of H,0 vapour
\ inN,, Ar, and H,

Radiation shield

Far-UV spectroscopy system
O highly-modular gas cells: (0.5 to 100) cm;

OTl) Q flow or static measurement: (0 to 100) bar;
oo (] 100-cm cell with DURSAN® coatings;
<o [ two-way spectra analysis: “full” and “DOAS” Urvercidaddevatindond lecham Pressure vessel
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Accelerated development and validation of a
portable frost point generator (FPG)
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Traceable assessment of state-of-
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down to -105 °C (5 ppb)
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Test bed demonstrators

Industrial production facility of speciality gases
that includes pure and UHP gases and humid gas
mixtures.
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Availability of primary standards and transfer
standards to provide traceability, also via calibration
services, to trace water analysers.

ISO/IEC

. 17025 1ISO 17034
Mea-\surement range: 5 umol/mol to.5 nmol/mol, or 1S0/TC 158 Testing and Reference
equwalently -65 °C to -105 °C frost point. Gas analysis calibration materials
Documented and validated software tools to : I

. _ G sem PROMETH20

estimate the enhancement of water vapour in N, and
Ar and its uncertainty in the range between -30 °C SEMI F112-0613

Test method for [...]
moisture dry-down

and -90 °C and pressure up to 1 MPa.

DIN NA 062-05-73
Gas analysis and
gas quality
Early impact on UHP gas manufacturing: on-site

traceable calibration of water contamination at ey -
industrially-relevant facilities.

Establishment of an European-wide measurement infrastructure.
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Guai PROMETH2O is a lesaavch project in metrology, funded by the Eurcpean Metrology

far | and Ry h (EMPIR), Trace water is the single larges! 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 appﬂmallons Even though lhe manufacturing of UHP gases

serves many key technelogy areas, such as higl | f q, the trace
water measurements are still lacking metrologn::a\ traceability in the relevant rangEs and matrix
gases The project will fill the § fedge gap fing the ! | ility - by

ble and J methnds at challenging amount hacucms

between 5 ppm and 5 ppb [ur 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.
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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.

Thank you for your attention!
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