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The Federal Institute of Metrology METAS 

The Federal Institute of Metrology (METAS) serves as the federal center of 

competence for all issues related to measurement and for measuring 

equipment and measuring procedures. 

METAS is the Swiss national metrology institute. As such, its mandate is to 

ensure the availability of measurement and testing facilities with the degree of 

accuracy needed to meet the requirements of the economy, research and 

administration in Switzerland. 

METAS stands at the cutting edge of measurement accuracy in Switzerland. It 

develops the national measurement base, that is to say it looks after the 

physical implementation, mutual comparison and thus the international 

recognition of measurement units. For this purpose, it operates the necessary 

laboratories and conducts the necessary research and development. It 

implements the Metrology Act; its other tasks are defined in the Federal Act on 

the Swiss Federal Institute of Metrology. 

Abstract 
The progress in research and development, the miniaturisation of high-tech 

processes and furthermore the strict safety regulations in comestible sectors, in 

health sectors and in the pharmaceutical industry lead towards more and more 

processes in clean rooms. An accurate monitoring of the clean rooms air quality 

is therefore mandatory. To fulfill air quality regulations in clean rooms, calibrated 

and traceable devices as  optical particle counters are required. 

As worldwide first metrology institute METAS is providing calibrations of 

optical particle counters in the range of 0.1 μm to 10.0 μm, traceable to SI-

units. 

Clean rooms and their classifications 
According ISO 14644-1, the air quality in clean rooms and similar environments 

is defined by the number of smallest particles per cubic meter of air. 

The clean rooms are categorized into nine classes based on the particle 

number concentration and particle size.  

Very low particle number concentrations are crucial in clean rooms. The system 

provided by METAS is able to simulate clean rooms and allows comparisons 

with the national primary standard for particle counting, called LAPAZ. 

Requirements of ISO 21501-4 
An optical particle counter complies with the requirements of ISO 21501-4 by 

meeting the following aspects, among others : 

• The error of determining the particle size shall be less than 10 %. 

• The counting efficiency at the minimum detectable size shall be (50 ± 20) %, 

and (100 ± 10) % at 1.5 to 2 times larger sizes.  

• The device shall be calibrated once per year. 

Calibration of particle size… 
According to ISO 21501-4, the measured particle size shall be calibrated by 

using Polystyrene Latex Particles (PSL). 

The diameter of the PSL-particles is traceable to national length standards by 

means of atomic force microscopy calibration at METAS. 

The expanded relative uncertainty of measurement of the particle diameter is 

between 2 % and 5 %. 

…and number concentration 
The revision of the measuring devices usually includes the adjustment of the 

size channels only. 

The calibration of the counting efficiency is often skipped or high concentrated 

aerosols are used for the calibration, therefore its practical application for clean 

rooms is not sufficient. 

According to ISO 21501-4, traceable measurements of the reference particle 

number concentration shall be done with a calibrated condensation particle 

counter (CPC) or a calibrated optical particle counter. 

CPCs need to be calibrated with an electrometer according to ISO 27891. As 

electrometers only allow calibrations at particle number concentrations 

> 1000 cm-3, again its practical application for clean rooms is not sufficient.  

The national primary standard at METAS is directly traceable to SI-units 

and stands therefore at the cutting edge of measurement pyramid. The 

expanded relative uncertainty of measurement of the particle number 

concentration is between 5 % and 10 %. 

Fig. 1: Classification of clean rooms following the maximum allowed number 

concentration dependent on particle size according to ISO 14644-1. 

Example: The particle number concentration of 35 cm-3 (respectively  8 cm-3) of the 

size 0.5 μm (respectively 1 μm) must not be exceed for a class 9 room. 

Fig. 2:  The vertical assembly of the homogeniser with the sampling for 

the national primary standard and the device under test (DUT). 

Fig. 3: Extract of a calibration certificate 
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