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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso
.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 209, Cleanrooms and associated controlled
environments.

Any feedback or questions on this document/should bedirectedtathe user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

Alist of all parts in the ISO 14644 series can be found on the ISO website.
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Introduction

Cleanrooms and associated controlled environments provide the control of contamination to levels
appropriate for accomplishing contamination-sensitive activities. Products and processes that benefit
from the control of contamination include those in such industries as aerospace, microelectronics,
pharmaceuticals, medical devices, healthcare and food.

The normative requirements in the first editions of ISO 14644-1 and ISO 14644-3 were limited to
classification of particles greater than 100 nm. However, informative material was included in both
documents for airborne particles smaller than 100 nm. At the time these documents were written;
particles smaller than 100 nm were called ultrafine particles rather than the more recent term,
nanoparticles.

In the second editions of ISO 14644-1 and ISO 14644-31), sections on ultrafine particles have been
removed and these are incorporated, in modified form, in this document. Supporting information has
also been drawn from documents developed elsewhere, for example by ISO/TC 229, Nanotechnologies.

Nanotechnology typically deals with material in the size range of approximately 1 nm to 100 nm.
As part of the long-term trend of manufacturing products with ever smaller feature size to improve
performance, many industries utilizing cleanrooms (such as microelectronics and those related to
health) now have products in the nanoscale.

Nanoparticles are man-made. Other particles in the nanoscale size range can originate as incidental by-
product emissions from industrial process or additionally as naturally occurring particles. A cleanroom
with a nanotechnology-Based procdess cancontain iandscale’particlesfiom all three sources.

Nanoparticles or ultrafine particles.differ.from sub-micron;and macro-particles in origin, chemical
properties and transport behaviour. Most sub-micron and macro particles in cleanrooms can be related
to human activity. Nanoparticles are generated by electrostatic discharge, chemical reactions, such
as oxidation, and gas phase nucleation:”Material-properties of nanoparticles are expected to differ
from bulk properties‘with potentially greater reactivity and sometimes enhanced toxicity. Transport
of nanoparticles is dominated by"air"flow, just like “sub‘micron particles. However, diffusion of
nanoparticles and mobility in electrical fields increases rapidly with decreasing size. As a consequence,
nanoparticles have higher coagulation rates in the air and deposition rates on surfaces are higher
than larger sized particles. Therefore, it is not expected that the classification curves as described in
[SO 14644-1 can be simply extrapolated to smaller particles than the stated lower limit.

Ultra Low Particulate Air (ULPA) filters remove nanoparticles with high efficiency, preventing
penetration from the atmosphere and recirculated air. Therefore, the majority of the nanoparticles
in cleanrooms are process related. For many cleanrooms, the composition of sub-micron and macro
particles is comparable. For nanoparticles, each cleanroom has nanoparticles corresponding to the
specific process. Therefore, measurement of the nanoparticle concentration is only suitable when the
cleanroom is in an “operational” state. In the “as-built” or “at-rest” state, the lack of process related
particles leads to data that do not correlate to the realistic conditions.

See Bibliography references [1] to [18] for background information on particle size characteristics/
properties.

1) Under preparation. (Stage at the time of publication: ISO/DIS 14644-3.)
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INTERNATIONAL STANDARD ISO 14644-12:2018(E)

Cleanrooms and associated controlled environments —

Part 12:
Specifications for monitoring air cleanliness by nanoscale
particle concentration

1 Scope

This document covers the monitoring of air cleanliness by particles in terms of concentration of
airborne nanoscale particles.

For monitoring purposes, only populations of particles with a lower size limit of 0.1 microns (100 nm)
or less - “nanoscale” - are considered.

The monitoring given in this document is for use mainly in “operational” states.

NOTE1  For the purposes of this document, reference is made to “nanoscale particles”, which means all nano-
objects having one (nanoplate), two (nanofibre) or three (nanoparticle) dimensions in the nanoscale.

NOTE2 As a consequence;) the 'specifications| for ymenitoring/air{ cleanliness by nanoscale particle
concentration of the cleanroom in operational state also considers process specifics, e.g., used equipment,
personnel behaviour, etc.

NOTE 3  Health and safety considerations are excluded from this document.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 General

3.1.1

cleanroom

room within which the number concentration of airborne particles is controlled and classified, and
which is designed, constructed and operated in a manner to control the introduction, generation and
retention of particles inside the room

Note 1 to entry: The class of airborne particle concentration is specified.
Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale (3.2.1) concentrations

in the air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might
also be specified and controlled.

© ISO 2018 - All rights reserved 1
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Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,
humidity, pressure, vibration and electrostatic.

[SOURCE: ISO 14644-1:2015, 3.1.1]

3.1.2

clean zone

defined space within which the number concentration of airborne particles is controlled and classified,
and which is constructed and operated in a manner to control the introduction, generation and retention
of contaminants inside the space

Note 1 to entry: The class of airborne particle concentration is specified.
Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale (3.2.1) concentrations

in the air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might
also be specified and controlled.

Note 3 to entry: A clean zone(s) can be a defined space within a cleanroom (3.1.1) or might be achieved by a
separative device. Such a device can be located inside or outside a cleanroom.

Note 4 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,
humidity, pressure, vibration and electrostatic.

[SOURCE: ISO 14644-1:2015, 3.1.2]

3.2 Size

3.21
nanoscale
length range approximately from 1 nm to 100 nm

Note 1 to entry: Properties that are not extrapolations from alarger size are predominantly exhibited in this
length range.

[SOURCE: ISO/TS 80004-2:2015, 2.1]

3.2.2

particle size cutoff

Dso

particle size at which the counting efficiency is 50 %

Note 1 to entry: See Annex B for an explanation of counting efficiency.

3.3 Airborne particles

3.31

nanoparticle

nano-object (3.2.2) with all external dimensions in the nanoscale (3.2.1) where the lengths of the longest
and the shortest axes of the nano-object do not differ significantly

Note 1 to entry: If the dimensions differ significantly (typically by more than 3 times), terms such as nanofibre or
nanoplate may be preferred to the term nanoparticle

[SOURCE: ISO/TS 80004-2:2015, 4.4]

3.3.2
particle size distribution
cumulative distribution of particle concentration as a function of particle size

[SOURCE: ISO 14644-1:2015, 3.2.4]
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3.3.3
aerosol
system of solid or liquid particles suspended in gas

[SOURCE: ISO 15900:20009, 2.1]

3.4 Occupancy states

3.4.1

operational

agreed condition where the cleanroom (3.1.1) or clean zone (3.1.2) is functioning in the specified
manner, with equipment operating and with the specified number of personnel present

[SOURCE: ISO 14644-1:2015, 3.3.3]

3.5 Measuring apparatus

3.5.1

condensation particle counter

CPC

instrument that measures the particle number concentration of an aerosol (3.3.3)

Note 1 to entry: The sizes of particles detected are usually smaller than several hundred nanometres and larger
than a few nanometres.

Note 2 to entry: A CPC islone‘possible detector foruse'with a DEMC.
Note 3 to entry: In some cases, a condénsation‘particle countér maybe called a condensation nucleus counter (CNC).
[SOURCE: ISO 15900:2009, 2.5]

3.5.2

counting efficiency

ratio of the reported concentration of particles in a given size range to the actual concentration of such
particles

[SOURCE: ISO 14644-3:2005, 3.6.5]

4 Monitoring

4.1 General

For measurement purposes, the only important particle characteristic is its “equivalent diameter”.

4.2 Principle

The monitoring limits and requirements specified by the customer are verified by performing
specified testing procedures and by providing documentation of the results and conditions of testing,
as agreed upon by the customer and the supplier. See ISO 14644-2:2015, Annex A which specifies the
requirements of a monitoring plan based on the risk assessment of the intended use. The data obtained
provide evidence of cleanroom performance related to the nano-particle concentration.

4.3 Methods

For the purposes of monitoring, airborne nanoscale particle counting can be carried out most effectively
by CPC. The reference test method for CPC monitoring is given in Annex A. The method for performing
the monitoring of air cleanliness by nanoscale particle concentration should give a systematic plan, well-
defined procedure and identify how the assessment should be performed. In general, the establishment

© ISO 2018 - All rights reserved 3
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