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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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s drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all such patentrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary information
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The commfittee responsible for this document is ISO/TC 209, Cleanrooms and associated contrd

environments.

This second edition cancels and replaces the.fibst edition (ISO 14644-2:2000), which has b

technically| revised throughout.

ISO 14644 |consists of the following parts, under the general title Cleanrooms and associated contrd

environments:

— Part 1:|Classification of air cleanlinéss by particle concentration

— Part 2:|Monitoring to provide_evidence of cleanroom performance related to air cleanliness by par
concenftration

— Part 3:|Test methods

— Part 4:Design, €onstruction and start-up

— Part 5:|Opéerations

I Part 7. SCIJMI Mtl.VC dCV(‘LCD (L,(’cuu Ml.l l’lUUdD yl’UVCl,IUACD l‘DUl’utUID Mlld llll.lll. CllVl‘l UlllllClltD)

— Part 8: Classification of air cleanliness by chemical concentration (ACC)

Part 9:

Classification of surface cleanliness by particle concentration

Part 10: Classification of surface cleanliness by chemical concentration

Attention is also drawn to ISO 14698, Cleanrooms and associated controlled environments — Bio-
contamination control:

— Part 1:

— Part2:

General principles and methods

Evaluation and interpretation of bio-contamination data

© ISO 2015 - All rights reserved
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Introduction

This revision of ISO 14644-2 emphasizes the need to consider a monitoring strategy in addition to
the initial or periodic execution of the classification of a cleanroom or clean zone in accordance with
ISO 14644-1:2015, 5.1. The monitoring activity provides a continuing flow of data over time, thereby
providing a more detailed view of the performance of the installation.

Potential benefits gained from monitoring are

faster response to adverse events and conditions,

ISO
use
cled

Ins
or

req
rev
pru

ability to develop trends from data over time,

integration of data from multiple instruments,
enhanced knowledge of installation and process, which allows for more effectiverisk asses
improved control of operational costs and product losses.

14644-2 specifies the requirements of a monitoring plan, based on-Frisk assessment of th
The data obtained provide evidence of cleanroom or clean Zone performance relj
nliness by particle concentration.

‘estrictions. In such situations, appropriate adaptation’s of the monitoring procedur
lired. After a monitoring plan is initially established*and implemented, it may be n¢
se the plan when significant changes are made to theinstallation or process requiremen
dent to conduct periodic reviews of a monitoring plan based on data obtained and experi

sment, and

e intended
ited to air

bme circumstances, relevant regulatory agencies may impose supplementary policies, requirements

es may be
cessary to
s, Itis also
brice in use.
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Cleanrooms and associated controlled environments —

Part 2:
Monitoring to provide evidence of cleanroom performance

re

lated to air cleanliness by particle concentration

1

Thi
zon
med

Thi

maintenance of the engineering systems. It does not provide for monitoring of particle

tha
ulty]
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refe
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3
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test
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3.2
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Scope
5 part of ISO 14644 specifies minimum requirements for a monitoring plan for eleanrod

e performance related to air cleanliness by particle concentration, based\ifpon pararn
isure or affect airborne particle concentration.

5 part of ISO 14644 does not address condition monitoring of aspects such as vibration

are outside the specified lower threshold particle-size range,-0,1 pm to 5 pm. Concer
afine particles (particles smaller than 0,1um) will be addressedin a separate standard.

Normative references

following documents, in whole or in part, are.n@rmatively referenced in this docume

rences, the latest edition of the referenced, document (including any amendments) applig
nliness by particle concentration
Terms and definitions

the purposes of this document, the terms and definitions given in ISO 14644-1 and the follo

redure undertaken in accordance with a defined method to determine the perform
allation or aelément thereof

hitoring
brvations made by measurement in accordance with a defined method and plan to provig

m or clean
heters that

or general
opulations
trations of

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated

S.

14644-1:2015, Cleanrooms and associated controlled environments — Part 1: Classificqtion of air

ving apply:

hnce of an

e evidence

oft

heperformance 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.

3.3

action level
level of a parameter set by the user which, when exceeded, requires immediate intervention, including
investigation of cause, and corrective action

© ISO 2015 - All rights reserved
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3.4
alert level

level of a parameter set by the user giving early warning of a drift from normal conditions, which, when
exceeded, should result in increased attention or corrective action

4 Creating, implementing and maintaining a monitoring plan

4.1 Principle

In order t
the requir
implement

A monitoring plan shall take into account the level of air cleanliness required, critical locations

performan
following s

contar
develo
review
implen

analys
and re

implen

undert

The concel
concentrat
due to fact
effectivene

For proces
not a thresg
or operatiq
operation.

4.2 Risk

Risk asses;

use appropriate risk assessment tools to understand, evaluate and document the risk of advs

£d and maintained.

Ce attributes of the cleanroom or clean zone that affect the performance of theinstallation.
Leps shall be included in the creation, implementation and maintenance of themonitoring p

hination events;
p a written monitoring plan;
and approve the plan;
hent the plan by performing the monitoring;

e the data derived from the monitoring activity, undertake trend analysis where appropr
port performance;

hent and document actions or corrective actions required;
ake periodic review of the monitoring plan.

itration of airborne particles nieasured under a monitoring plan may be higher than
ion observed during at-rest classification. The observed values may fluctuate consider
brs such as, but not limitedte, the number of personnel present, the airflow rate, ventila
ss, the operation of instrumients or machinery, and activities in adjacent spaces.

ses that inherently-produce particles as part of the process and where these particles

nal classification‘of simulated operations, rather than monitoring of airborne particle
Other performance and cleanliness attributes may still be required to be monitored.

assesshient

ment is a systematic process of identification of hazards and the analysis and evaluatio

and
The
lan:

Prse

iate

the
hbly
Fion

are

t to the process,or product, it may be appropriate to rely on periodic at-rest classificatfion,

S in

n of

. LI 1 L | + -1 1 1
risks assocratedwith CXPOSUTT (U UI0ST [TdZdT Us.

A risk assessment shall be undertaken in order to

air cleanliness by particle concentration of the cleanroom or clean zone, and

For guidan

determine the monitoring requirements to provide evidence of performance.

ce on what to consider when undertaking a risk assessment, see informative Annex A.

develop a monitoring plan by determining factors that may affect the ability to maintain the agreed
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4.3 Monitoring plan

4.3.1 The monitoring plan shall take into account the output from the risk assessment.

When developing the monitoring plan, the factors described in 4.3.2 to 4.3.13 shall be included as a
minimum.

4.3.2 Listing and justification of all the parameters to be monitored, including those that may affect the
airborne particle concentration.

4.313 Description and justification of measurement methods. For further guidance on conpiderations
wheén developing a monitoring plan, see informative Annex A.

4.3/4 Accuracy, maintenance and calibration of monitoring instrumentation.

4.3|5 Identification and justification of selected monitoring locations. Mohitoring locations shall be
defined in three dimensions.

4.3]6 Identification and justification of monitoring acceptafice’ criteria or limits,| including
estdblishment of a single alarm level, or a dual alarm approach of alert and action levels. Th¢ minimum
reqpirement is that a single alarm action level is established{Additionally, an alarm alert l¢vel can be
estgblished to provide early warning of performance deviatién. For further guidance on settirjg alert and
actipn levels, see informative Annex B.

4.317 Specification of the response required should\the data fall outside the specified limits

4.318 The need for and frequency of periodic'cleanroom or clean zone air cleanliness classjfication by
particle concentration in accordance with 1SO 14644-1:2015, 5.1.

4.319 The format for recording data:

4.3110 The methods, including-statistical methods to be used for data trending or other dppropriate
analysis.

4.3{11 The reporting requirements.
4.3]12 The policy'and media to be used for record retention.

4.3113 Thefrequency of review of the monitoring plan.

NOTE Monitoring plans are reviewed periodically; and based on the knowledge gained about th¢ cleanroom
or clean zone, the monitoring programme is revised

4.4 Calibration

Instrumentation used for monitoring shall be adequate to perform the monitoring operations required,
shall have a valid calibration certificate, and shall meet current accepted practices for the frequency
and method of calibration.

In particular for airborne particle counters, the frequency and method of calibration should be based
upon current accepted practice as specified in ISO 21501-4.

NOTE Some particle counters cannot be calibrated to all of the required tests in ISO 21501-4. If this is the
case, record the decision to use the counter in the monitoring plan.

© IS0 2015 - All rights reserved 3
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4.5 Review and approval

The completed plan shall be reviewed and approved.

4.6 Response to a deviation during monitoring

If monitoring results exceed the specified limit(s), an investigation shall be conducted to determine
cause, and remedial action taken as required.

If the remedial action requires significant changes to the installation and/or its operation, then the

classificati
reviewed

When the

5 Perio

Periodic cl
frequency
that are co

NOTE |
pressure di

On fe a ording tao 0 4064.4.- N3 ne nde Ken ne monitorine pian na a be

s a result of the changes to the installation and/or its operation.

lesired classification has been achieved, monitoring may be resumed.

dic classification of air cleanliness by particle concentration

assification testing shall be undertaken annually in accordance with* ISO 14644-1. This
can be extended based on risk assessment, the extent of the monitoring system, and data
hsistently in compliance with acceptance limits or levels defined in‘the monitoring plan.

SO 14644-3 specifies ancillary tests related to other aspects af-cleanroom performance such as
ference, airflow, etc.
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Annex A
(informative)

Matters to consider when developing a monitoring plan

Risk accescment considerations

A.1
A1l

Risl
but

A1

mopnitored

The

A.2

IO I OO C OO ITI T C I T CUTIO T C I ot ot

.1 Selection of an appropriate risk assessment tool

x assessment can be undertaken using a number of tools - separately or in combination
not limited to

HACCP,

FMEA / FMECA,
PHA,

FTA, and
HAZOP.

.2 Definition of required performance and-operating conditions that may n¢

se can be factors such as

understanding the contamination sources and their impact on the activity in the cleanro
zone at critical locations or at loeations representative of the general air cleanliness in a
or clean zone,

performance of the installation that might affect the cleanliness levels such as pressure ¢

- including

bed to be

m or clean
cleanroom

ifferential,

airflow uniformity, airflow volume, ventilation effectiveness, temperature, relative humifidity,

normal and energy-saving set-back mode,
at-rest or operational states, and

occupaneyyand level of activity, such as change of shift.

General considerations

A.2.1 The general matters described in A.2.2 to A.2.21 should be considered when developing a
monitoring plan.

A.2.2 The measurement technique, including the selection of manual and/or automated monitoring.

A.2.3 The resolution, accuracy and calibration requirements of the measurement system including, in
the case of airborne particle counters, the efficiency and limitations of the collection system.

A.2.4 The location of monitoring system components, including requirements for access for
maintenance and calibration.

© ISO 2015 - All rights reserved
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A.2.5 Instrument or sample probe location, configuration and orientation.

A.2.6 Identification of frequency of measurement or sampling in order to detect deviation events.

A.2.7 Consideration of issues that may influence the monitoring system or the results obtained, such as
(but not limited to) temperature, humidity, cleaning procedures and agents, fumigation agents, product
materials or process hazards and sources of potential convection currents in the air due to heated surfaces.

A.2.8 Con51derat10n of any potentlal adverse impact of the sampllng system on the process or the

A29 Th
modelling

A.2.10 Un
by rate of
potential r:

nter on small enclosed env1ronments).

timulations or other studies.

Herstanding the ventilation effectiveness in the cleanroom or clean zone, as might be affe
air exchanges, recovery or clean-up time studies, or any other method to understand
hte of removal of airborne particles.

A.2.11 Extent and/or frequency of cleaning or maintenance procedurés and their impact on airbd

particle lev

els, both during execution and immediately after completign)of the procedure.

A.2.12 Comsideration of process-related events that may affectienvironmental conditions at monito

locations.
equipment

NOTE
the conclusi

$uch events may include (but are not limited to)cdismantling, cleaning and reassembl

whether as part of the process cycle or as an elément of maintenance work.

on of such refitting, prior to resuming normaloperations.

A.2.13 Tyypical positions and movements of petsonnel during the critical operational periods.

A.2.14 Expectations for the number oftpersonnel active in the cleanroom or clean zone, the natur

their occup
A.2.15 Asq

A.2.16 Asj
generated
ampoules ¢

A.2.17 Da

ation and the duration of their activities.

essment of the impact.of equipment-generated changes to airflow patterns.

rom abrasion of surfaces on moving conveyor systems, and processes such as sealing of g
nd radiofséquency (RF) welding of tubing.

a logging and data management, including data integrity, storage and retrieval

y a

e results of any airflow visualization studies such as “smoke studies,” computer airflow

rted
the

rne

ing
 of

t may be useful to include within the monitoringplan provisions for monitoring the recovery tinje at

e of

essment of the pptential for equipment-generated particle sources. Examples include particles

lass

NOTE [

n some industries the storage and integrity of data are specitically regulated.

A.2.18 Establishment of suitable techniques for the evaluation of raw data, assessment of trends, and
production of reports.

A.2.19 Definition of acceptance criteria and establishment of a single alarm level, or a dual approach of
alert and action levels.

A.2.20 Requirements for commissioning and testing of the monitoring system(s).

A.2.21 Requirements for maintenance of the monitoring system(s).

© ISO 2015 - All rights reserved
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A.3 Pressure differential monitoring

A.3.1 The additional aspects described in A.3.2 to A.3.5 should be considered for specifying monitoring
systems for differential pressures in cleanrooms or clean zones.

A.3.2 The method of minimising or managing fluctuations caused by disturbances such as door
openings or intermittent operation of local exhaust systems. A common method is the introduction of
time delays on alarms.

A.3 electionofapre tHe—He eHer eferenceprineiptefme emrentof-ditferen

betyveen rooms or spaces, or measurement of differential against a common reference pressu

1 pressure

re).

A.3}4 Establishment of alert and action levels that are sensitive to normal pressureflictuations due to
factprs such as wind effects on buildings, the opening and closing of doors and other factors.

A.3|5 The pressure differential may be monitored by periodic observation or by |automated
instrumentation.

A.4 Airborne particle monitoring system

A.4{1 The additional aspects described in A.4.2 to A.4.6 sheuld be considered for specifyinlg real-time
airhorne particle counting systems.

A.4{2 The configuration of the system based on evaluating the following system attributes:
— |airborne particle collection efficiency;

— |suitability to monitor the selected partiele size(s);

— |accessibility for maintenance, calibration, and repair.

NOTE 1 These considerations will influence the choice between using multiple local “point of yse” particle
counters or using a single particle ¢counter with a multiplexing manifold and long sample transport tfibes.

NOTE2  Theuse oflong sample transport tubes as required by multiplexing manifold systems is inpppropriate
for monitoring particle sizes’2 5 pm.

A.4{3 Air samplé flow rate and volume.

A.4{4 Thefrequency and duration of the collection of each air sample (determined by the sanipling rate).

A.4]{5- The sample probe configuration and orientation with respect to airflow (e.g. isokirletic or an-
iso inph'r‘)

NOTE It may not be appropriate to locate a sample probe directly under a supply air terminal High-Efficiency
Particulate Air (HEPA) filter in a non-unidirectional airflow configuration because such a location may not be
representative of the cleanroom or clean zone, and may prevent detection of contamination events in operation.

A.4.6 Potential adverse impact of the sampling system on the process or the process environment (e.g.
possible effects of the rate of the extraction of the sample volume in small volume environments).

A.5 Airflow velocity and volume monitoring

A.5.1 The additional aspects described in A.5.2 to A.5.3 should be considered for specifying airflow
velocity or air volume monitoring systems.

© IS0 2015 - All rights reserved 7
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A.5.2 The selected airflow velocity or volume measurement technique.

A.5.3 The location of the measurement device so that the measurement is representative of the system
being monitored.

NOTE It may be necessary to evaluate locations to prove measurements are representative and not
adversely influenced by airflow turbulence or uneven flow in ducts or other factors.

8 © IS0 2015 - All rights reserved
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Annex B
(informative)

Considerations for setting alert and action levels

establishment of alert- and action-level alarms requires careful consideration to ensure t
pffective basis for initiating a response, such as further investigation or incréased
pwn as an “alertlevel”), and trigger a remedial action response (designated as ah|“action
pwing should be considered:

the intent and purpose of monitoring;
the importance and/or criticality of the monitored parameters;
the selection of a single alarm action level or dual alarm alert and action levels;

the risk from failing to react to the “alert” or “action” due tg.high frequency of alarms. Thig
from setting inappropriate alarm levels and may result jn personnel not acting upon or mut

how normal acceptable fluctuations in monitored:parameters are managed; for ex
rationale for time delays and the algorithms forrate of change prediction systems;

frequency of sampling or measurement to enable assessment of the rate at which the nex
will be acquired;

when responding to an “alert,” theability to respond, the nature of the response an

allowed for the response before itis-elevated to an “action.”

Setting alert and action levels for pressure differential monitoring

.1 Establishing the normal operational range for pressure differentials

rder to set alertzand action levels for pressure differentials, it is necessary to establish
rating range, including, for example, fluctuations due to doors opening and equipment in

iation orawalue and time of deviation.

initial~observations should be repeated periodically and after maintenance or modifi

ey provide
bservation
evel”). The

may occur
ing alarms;
ample, the

data point

d the time

the normal
teractions.

iations fronr<¢his normal operating range can then be established in terms of either solely a value

cation of a
hstallation.

nroom or clean zone due to variations in performance and ageing of components of the i

The approach given in B.2.1.1 and B.2.1.2 should be adopted to explore and document pressure

fluc

tuations.

B.2.1.1 The impact of operating airlock doors

Air locks are designed to help maintain pressure differentials as personnel or materials move from one
cleanroom or clean zone to another. Air locks are designed or operated so that one opposing door set
is always closed. However, unless the doors are equipped with inflatable seals, the leakage through the
airlock is usually greater when one of the opposing door sets is open than when they are both closed.

© ISO 2015 - All rights reserved
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It is necessary to test and document these normal variations to properly set alert and action levels for
pressure alarms. Follow this procedure:

close all doors and pass-through hatches, define the operational status of any equipment, and
observe the steady-state pressure differentials between the selected rooms or zones noting the
small, normal fluctuations that will occur due to wind and other dynamic effects;

for each airlock, pass-through hatch or transfer chamber, open all the doors, one set of opposing
doors at a time, and note room- or zone-pressure variation. Close the doors and confirm that the
pressure differentials return to their original values;

leaka h to

ensur adequate allowance is made in the air balance for such leakages.

B.2.1.2 The impact of process equipment

due
Fent

Some procgss equipment have a small and acceptable effect on room or zone pressure.differentials
to small chpnges in the air lost from pressurized spaces via the equipment when functioning in diffe
operational states. Follow this procedure:

and
the

close 4
obsery
small,

1l doors and pass-through hatches, set the equipment in a defined operational state,
e the steady-state pressure differentials between the selectedyrooms or zones noting
hormal fluctuations that occur due to wind and other dynamic effects;

rve
mal

the test for each of the different operational states of the‘equipment. For each state, obsg
dy-state pressure differentials between the selected fooms or zones noting the small nor
itions that occur due to wind and other dynamic effects.

repeat
the ste
fluctud

B.2.2 Setting alert and action levels

B.2.2.1 A
setting for
pressure o

fter observing and recording the normalloperating ranges, it is recommended that a press
the warning pressure measuremernt device be selected a few Pascal below the loy
bservation for a positive-pressure configuration, or a few Pascal above in a negative-press

configuration (guidance value 2 Pa to 3 Pa).

B.2.2.2 It
cleanroom
the duratid
Deviations

B.2.2.3 M
differential

is often necessary to délay the alert or action alarm to allow for normal activity in
such as the opening of\doors to permit entry and exit of personnel. Careful observatio
n of typical or expected normal deviation is necessary to determine appropriate time d¢
that extend beyondthe normal durations should activate warnings.

[anaging excéssive pressure fluctuations or leakage by simply increasing the press
s is notrrécommended because air leakage will be increased further with associ:

inefficienciles in the'performance of the air-conditioning or ventilation system.

ure
vest
ure

the
h of
play.

ure
ited

B.2.2.4

In reégulated industries there is an expectation that root causes of problems will be identiffied

and rectified rather than being accommodated by changes in operational limits. Failure to identify the
root cause may lead to adverse regulatory action.

B.2.3 Pressure differential instrumentation

B.2.3.1

When pressure switches are used, ensure that the action of the pressure switch is repeatable and

that any switching hysteresis is accounted for and accommodated by the setting of the alert or action level.

B.2.3.2 To simplify calibration and avoid the need to remove instruments from the installation,
especially when instrumentation is mounted in areas that are difficult to access, the instruments should
be fitted with test ports and a method to isolate the instruments from the pressure source to enable the
zero and span to be determined.

10 © IS0 2015 - All rights reserved
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B.3 Setting alert and action levels for airborne particle counts
B.3.1 General guidance

B.3.1.1 The objective of particle concentration count monitoring in an operational cleanroom or clean
zone is to provide evidence that the required level of cleanliness is achieved at critical control points. Risk
assessment and evaluation of data from formal cleanroom or clean zone classification in accordance with
ISO 14644-1 should be used to determine the monitoring locations (critical control points). The alert
and action levels identified should provide effective information to allow management of performance
changes and identification of deviations from defined acceptance criteria.

NOTE Statistical process control principles can be used to set alert and action levels based e1] analysis of
histprical data.

B.3|1.2 It is essential to establish appropriate methods to annunciate or indicate when the particle
coupt values reach alert or action levels.

B.3|1.3 When setting alert and action levels, it is important to be sensitive to the high vqriability of
airjorne particle concentrations with time and at different locationsZIn particular, special care shall
be taken when considering alert and action levels for cleanliness classes ISO Class 5 and cleaner with
low] concentrations of particles. In these circumstances, the oceutrrence of “nuisance alarjs” due to
falsp counts and/or natural variability of particle concentration'is more likely and should pe avoided
by dareful selection of alert and action levels. Frequent “nuisance” alarms should be avoided ps they can
lead to alarms being ignored by users.

B.3]1.4 The consistency of the physical sampling position and the orientation of the sampl¢ probe can
have a marked effect on the particle concentrationimeasured. This is especially true when thefe is a need
to cpmpare the values from one sample periodto-the next. It is important that the position ofthe sample
does not change substantially without due consideration of the impact on trending history arld alert and
actipn levels.

B.3l2 Establishing normal operating range for particle counts

B.3|2.1 Initially measure and record the particle concentration at the designated critical comtrol points
ovel a significant period of'tilme, in both the “at rest” and “operational” occupancy states. THe intended
san}pling time and sample’size should be used. From this set of data, the expected normal p¢rformance
of the cleanroom or .cleah zone can be determined and become the basis for establishment pf the alert
and|action levels. Itis-anticipated that these normal values will be below the ISO cleanliness class limit or
actipn level.

B.3|2.2 Itmay be necessary to conduct a subsequent period of observation when a major chgnge occurs
to the design or operation of the installation.

B.3.2.3 Particle count data have some unique characteristics that should be understood. The following
are important:

a) the particle concentration baseline in a space is highly dependent on the level of activity, the volume
of the cleanroom or clean zone, and the ventilation mechanism and effectiveness;

b) it is good practice to investigate particle count readings that are consistently lower than the
expected norms because this may be an indication of the malfunction of the particle counter, air
sample acquisition system or data-logging apparatus;

c) the acceptable range of particle concentrations for the “at rest” state may be significantly lower
than the “operational” state in non-unidirectional airflow systems;

d) warning values may need to be different for different sample points within the same room or zone;
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