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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 decumentsdocument 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).

Attentionis-drawnlSO draws attention to the possibility that seme-efthe elementsimplementation
of this document may beinvolve the subjeetuse of (a) patent(s). ISO takes no position concerning
the evidence, validity or applicability of any claimed patent rights:_in respect thereof. As of the
date of publication of this document, ISO had not received notice of (a) patent(s) which may be

required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at

www.iso.org/patents. ISO shall not be held respon51b1e for identifying any or all such patent

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 conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This Technical Report-(1SO-TR14644-2document was prepared by ISO/TC 209 (Cleanrooms

and associated controlled environments)
A list of all parts in the ISO 14644 series can be found on the ISO website.

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

This Fechnical Report{FR}document provides clarification on the application of sound airborrja
particle sampling techniques in aceerdanee-withsupport of ISO 14644-1:2015 for classification gf
cleanrooms and clean zones, and ISO 14644-2:2015 for airborne particle monitoring, to provide
evidence of cleanroom performance related to air cleanliness by particle concentration. It
provides information on how to gather appropriate, accurate and repeatable data, and how to
interpret this information for the purpose of improving process protection. -This also include
information on the choice of measurement methods and apparatus configuration, calibration,
repeatability /reproducibility and the uncertainty associated with measurement. In short, what
can be reasonably attained with the current technology.

This TRdocument addresses potential misinterpretation of the use of elauselS014644-1:201
C.4.1.2 in informative annex-Annex C-ef1S6014644-1, which suggests the use of limited tubin
length for sampling macroparticles. The phrase in question has been applied beyond the context
intended in the StandardIS014644-1, to other applications. This FRdocument also provides extra
clarity on the use of the M Descriptor in [1S014644-1:2015, Annex- C, specifically in relation tp
consideration of >5,0p4m0 um alongside ISO Class 5 (EU-PIC/S GMP Grade A and B at rest).

It provides information on the potential uncertainty associated with sampling particles =5:,0- um
and macro-particles, and measures that can be taken to reduce that uncertainty.

It addresses the importance of understanding that;:

For for classification, the quality of the sample is the most important factor-;
e for monitoring, the quality of the data is the most important factor;
Dot direct sampling without tubing is preferred. However, sample tubing is sometimes

necessary to get a representative sample at a significant or critical location;
Fo—  toreduce sampling loss in tubing, this tubing is as short and straight as possible;

A— a sampling system is evaluated to assess the impact of any compromises in its set up.

An evaluation of legacy systems can deem them suitable for continued use even if the installation
is assessed as less than optimal

The scientific basis for airborne particle counting, and the performance characteristics of airborne
particle counters, particularly LSAPC, is amply documented in established technical publications
(see Bibliography)

© IS0 2023 - All rights reserved
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TECHNICAL REPORT ISO/DTR 14644-21:2023(E)

Cleanrooms and associated controlled
environments — Part 21: Airborne particle sampling
techniques

1 Scope

This FTRdocument discusses the physical limitations of probe and particle counter placement, anh
any tubing that connects the two, particularly in providing representative samples where particles
5 micrometres and greater are of interest.

The document further identifies the key factors of sampling performance when classifying and
monitoring, and good practice to determine and maintain an acceptable compromise between
attainable accuracy in counting and feasibility of counting in real-life situations.

This FRdocument includes a decision tree, used to identify key considerations when samplin
airborne particles, and whether the system requires further assessment. -There are also example|
provided to illustrate typical application challenges and show how the decision tree can be used.

Itis assumed that this FRdocument is read in conjunction with ISO 14644-parts-1 and ISO 14644}
2. This TRdocument is not a manual, but an explanatory document. It does not describ
measurement methods, which is handled in ISO 14644 -parts—-1 and ISO 14644-2, but provide
information to help make effective choices of sampling configuration, when evaluating a new or
existing system.

2 Normative documents

There are no normative references in this document.

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminology 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

31
classification
method of assessing level of cleanliness against a specification for a cleanroom or clean zone
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Note_1 to entry: Levels should be expressed in terms of an ISO Class, which represents maximum allowable
concentrations of particles in a unit volume of air.

[SOURCE: ISO 14644-1:2015, 3.1.4]

3.2
monitoring
observations made by measurement in accordance with a defined method and plan to provide

evidence of the performance of an installation

Note 1 to entry: Monitoring may be continuous, sequential or periodic; and if periodic, the frequency shall
be specified.

Note 2 to entry: This information may be used to detect trends in operational state and to provide process
support.

[SOURCE: ISO 14644-2:2015, 3.2]

3.3
particle size
diameter of a sphere that produces a response, by a given particle-sizing instrument, that is

equivalent to the response produced by the particle being measured

Note 1 to entry: For discrete-particle light-scattering instruments, the equivalent optical diameter is used.
[SOURCE: ISO 14644-1:2015, 3.2.2]

3.4
macroparticle
particle with an equivalent diameter greater than 5- um

[SOURCE: ISO 14644-1:2015, 3.2.5]

35
M descriptor
designation for measured or specified concentration of macroparticles per cubic metre of air,

expressed
_in terms of the equivalent diameter that is characteristic of the measurement method used

Note 1 to entry: The M descriptor can be regarded as an upper limit for the averages at sampling locations.

M
_descriptors cannot be used to define air cleanliness classes by particle concentration, but they may be

quoted independently or in conjunction with air cleanliness classes by particle concentration.

[SOURCE: ISO 14644-1:2015, 3.2.6]
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4 Determination of airborne particle concentration

4.1 —General

Airborne particle concentration is the primary attribute and essential parameter that determines
and denotes the air cleanliness level of a cleanroom or clean zone.

In classification, ISO 14644-Part—-1 states that “The use of light scattering (discrete) airborn
particle counters (LSAPC) is the basis for determination of the concentration of airborne particles,
equal to and greater than the specified sizes, at designated sampling locations.

ThispartefISO 14644-1 does not provide for classification of particle populations that are outsid
the specified lower threshold particle-size range, 0,1- pm to 5- um. An M descriptor (see Annex-_C
may be used to quantify populations of macroparticles (particles larger than 5- pm)”.

In monitoring, an LSAPC is also used for airborne particle counting, often supported by other
methods, as indicated in ISO 14644-Rart-2.

For both classification and monitoring, the choice of the counter takes account of the effective
particle size range and sampling flowrate with regard to sample size.

For monitoring, the effectiveness of the sampling system is determined by the appropriate choice
of sampling location and the ability of the system to capture particles and deliver them to the
counting mechanism.

A key driver in quality management is continuous improvement.- When we apply the dynami

cycle tool Plan-Do-Check-Act (PDCA) to cleanroom contamination control, key information is used
from classification and monitoring activities to establish and demonstrate that control. Changes
and improvements will lead to re-evaluation and a repeat of this cycle. -Figure- 1 below illustratels
the importance of classification and monitoring and how these influence the process of continual

improvement.

Demonstrating

Establishing C ]
ontro

Control

Classification / \ Monitoring

Section 4.1.2
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Figure 1 — Strategy for Contamination Control

All particle counting systems have the potential to delay or prevent a particle from reaching the
counting mechanism of the LSAPC. -The likelihood of this increases with the particle's size and the
length and complexity of its pathway through the system. Good practice is applied to minimise
particle loss {erand potential gain through shedding and false counts/gain}. The following
sections explain the relevant aspects of the determination of airborne particle concentration that
is performed in classification and monitoring. Guidance will be given in chapter 5 on the
application of particle counting technologies and associated sampling methods.

4.2 —Classification

In classification, the cleanliness of the cleanroom is specified for a state of occupancy and
considered particle size(s). The sizes available for classification are defined in Table- 1 of ISO
14644-1:2015, and all sizes considered are measured simultaneously, with the same LSAPC
instrument. Sampling locations and minimum sample volumes are selected using the procedure
described in ISO 14644-1. Satisfactory airborne particle concentration results obtained by
sampling at these locations provide confidence that the volume measured will comply with the
specified class.

The reference method for classification supposes a degree of reproducibility to establish control
for a specified state of occupation, both initially and when classification is reconfirmed. As such,
the quality of the sample taken and precision of the values recorded is paramount.

The measurement of airborne nanoscale particles, <0-1m,1 um, uses another type of instrument,
not included in this FRdocument. Values obtained at the nanoscale are not appropriate for
classification. This application is considered in ISO 14644-12.

Table-_1 of ISO 14644-1:-2015 provides the range of particle sizes and particle concentrations
deemed statistically appropriate for classification.

NOTE:1n-_ISO 14644-1, Table- E.1 shows application of the same threshold particle sizes for decimal
classes, and SO 14644-1, Formula-E.1 enables calculation of the maximum particle concentration for
intermediate particle sizes within the normative range.

-~
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Note f) to Table-.1 of ISO 14644-1:2015 indicates a special case for recording larger particles whe
classifying at ISO 5. It provides an example where particles >54m5 um are sampled with
specified limit of 29 particles per m3 as a complement to classification at ISO 5 measured on size
that are included in ISO 14644-1:2015, Table- 1 as appropriate for that class. This complement i
expressed via the M Descriptor, in this case as “ISO M (29; 25- um); LSAPC”". for ISO 5. In thi
respect, Note f) below Table- 1 of ISO 14644-1:2015 refers on to elauselSO 14644-1:2015, C.7 d
informative Annex- C-ef-the-standard. For some applications, it can be necessary to also sampl
other sizes outside those for which Table—1 of ISO 14644-1:2015 defines concentrationg.
ClauselSO 14644-1:2015, C.7 in informative annex-C-of the standardAnnex C provides an examplg
of adaptation of the M descriptor to accommodate consideration of = 5- pm particle size for IS
Class 5 at this particle size threshold, where 1SO 14644-1:2015, Table-1 does not specify a
concentration limit.

122 % M= =]

[

Annex-C of ISO 14644-1:2015 is concerned with the broader techniques of measurement jf
macroparticles (particle size thresholds not in ISO 14644-1:2015, Table- 1), by a variety df
appropriate methods and instrumentation, including the LSAPC, and expression of the result. This
subject is not considered within the scope of this Technical-Repert.document. When measuring
and recording particles >_5,640 um (macroparticles) alongside those measured within the ISQ
14644-1:2015, Table—1 range, their value is expressed as an M descriptor, in support df
classification.

4.3 —Monitoring

Monitoring is explained and illustrated in I[SO 14644-2:-2015. The activity involves recording and
analysing data on a variety of parameters to support demonstration of control.

The trending of data obtained from monitoring with LSAPC is used to understand the variation in
the number of particles over time and its relationship with the specified and maintained
cleanliness of the cleanroom or clean zone. -Data obtained and analysed serves to indicate that aif
quality is maintained at a satisfactory level at locations considered significant or critical for the
process, at the appropriate occasions. -This data can be analysed along with other monitoring
parameters to provide a holistic approach to demonstrating control.

Monitoring is applied to demonstrate that the air cleanliness at a defined location complies with
the required level at a defined point in time, during operation, and often during periods at rest.
Particle sizes used for monitoring can be different from those required for classification. This is
clearly shown in EU & PIC/S GMP Annex-1 (2022) where monitoring is subject to limits fo

particle sizes (>5,04:0 um) not identified as reliable for the purpose of classification at ISO§.
Results are often expressed per unit of time, rather than accumulated to a unit volume. Other
indirect indicators may also inform on the satisfactory operation of the installation or equipment.

In ISO 14644-2: guidance is provided on where, when and how to monitor the airborne particle
concentration, and how to complement this with other indicators of cleanroom or process zone
performance.

In monitoring, the reproducibility of sampling efficiency, and the ability to detect variations over
time, are more important than absolute precision in the data obtained.

Analysis of variations over time can help to understand the process, and provide trending data to
assist the management of critical parameters in order to maintain control as required.

Monitoring performed using a mobile or fixed LSAPC can be periodic or continuous. In monitoring, ,{ Formatted: Font: 11 pt ]
minor particle loss in the sampling system is typically accepted since this will not affect the
trending of the local air cleanliness unless the alert or action level is very low.

’,// Formatted: Space After: 12 pt, Line spacing: Exactly 11 ‘
’r/// pt

[
/

e

©1S02023 All m'glnn-v« rved

© IS0 2023 - All rights reserved




