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Foreword Bis

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.

ISO ( International Organization for Stanclardization ) ALIKSEFRELEIAK (IS

iR ) B E S , HEMRMET/FRFRE—RRER ISO SRAZRSHITE NS REWRINXY
RAZRAAERFRAKE |, ENHAERAZREAINER. FHT5 ISO REFHKANE
PrBIR FTieREHTH E2IFERTH ARSI TE, ISO SERESHRAZRA( IEC)
ERESRATRELRITHEH TEE S,

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).

REF AT S RIF RN #—PRI5E | B7E ISO/IEC 55 1 posaitis. MFLIE
BRIRTERISEMIVERTEARRSERT ISO X, ZHXHIRENFTFE ISO/IEC 5 2 55
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5SR94REREN, ( Il 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).

RHPESFENRZO G FEL SRS REIEFREITE, 1SO RazRBIHI
EMEXAENEFN. HTEFIRENRE , D XHEESETEENBaETE 1SO I
ISR RBEERRA ( I 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.

D P ERIMEAIREMETR , BATHERFSE | THIpEEER,

For an explanation on the meaning of ISO specific terms and expressions related to
conformity assessment, as well as information about ISO’ s adherence to the WTO
principles in the Technical Barriers to Trade (TBT) see the following URL: Foreword -
Supplementary information

KT ISO BREFRFFEMEITERRRIARIFR | LIRKT 1SO 53X WTO SRR ZEE22

(TBT) RYEE , IBERLATMLL : BIS-#7ER
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The committee responsible for this document is ISO/TC 209, Cleanrooms and

associated controlled environments .

ZERAMEXNAR ISO/TC 209 : 5E/E=FIEX TSRS,

This second edition cancels and replaces the first edition (ISO 14644-2:2000), which

has been technically revised throughout.

PR R T 5B —hR (ISO 14644-2:2000 ), BEEHHIT 7 AT,

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

associated controlled environments:

ISO 14644 HUATEDAER , (BEERERE "HFEMECSIRIMNE" ISR T,

— Part 1: Classification of air cleanliness by particle concentration
B - R FRENEREFEDR
— Part 2: Monitoring to provide evidence of cleanroom performance related to air
cleanliness by particle concentration
FETE - Bl FIRERNEMSESIESEERAE S =R
— Part 3: Test methods
H=Fo  WiTE
— Part 4: Design, construction and start-up
BIUERS « kit M LIAEED
— Part 5: Operations
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EhEks : BME
— Part 7: Separative devices (clean  air hoods, gloveboxes, isolators and
mini-environments)
FEED  pBERE (Z5ERE  FEA BB mini-ifg )
— Part 8: Classification of air cleanliness by chemical concentration (ACC)
F)\E7 - BIUFEREHEZ[EREDSHR (ACC)
— Part 9: Classification of surface cleanliness by particle concentration
BNED | BT FRERERESFEDTR
— Part 10: Classification of surface cleanliness by chemical concentration
FHED | BIUERERERE S REDTR
Attention is also drawn to ISO 14698, Cleanrooms and associated controlled
environments — Bio-contamination control:
EHFEEERIASE [S014698 | EFEFMARZEING - MEYISHRIEH FhRFERHA
— Part 1: General principles and methods
FE—Ey - BNFIEE
— Part 2: Evaluation and interpretation of bio-contamination data
BERD © EYD S IR

Introduction 148

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

Copyriaht kabmetionsl Orgarszation for ization © IS0 2015 - All rights reserved

Provided by IHS under license with IS0 Licensee=Becton Dickinson/5984713001, User=Zhu, Jessica
Mo reproduction or networking permitted without license from IHS Mot for Resale, 12/28/2015 02:36:11 MST




ISO 14644-2: 2015(E) Page 8 of 46

of the performance of the installation.

PR T BEIREE ERRER 1S014644-1 : 2015 , 5.1 #fTiERAIREE2XKBH R | X
WA 1SO14644-2 38 T FREEmiERlg. mERE—NEErERRREEE , M
MRz E AR IFARIIE.

Potential benefits gained from monitoring are

MESFSRISRIBTEIFLR

— faster response to adverse events and conditions,
BRI AT SRR

— ability to develop trends from data over time,
MBS EHERR R EE S R RS HIEES

— integration of data from multiple instruments,
MZ BN RERIGEUERIES

— enhanced knowledge of installation and process, which allows for more effective

risk assessment, and
IR ARANITIEANR | 1SR TREE A AIXBG TS

— improved control of operational costs and product losses.

IRSIEE AN FRIRAER I

ISO 14644-2 specifies the requirements of a monitoring plan, based on risk
assessment of the intended use. The data obtained provide evidence of cleanroom or

clean zone performance related to air cleanliness by particle concentration.

Copyriaht kabmetionsl Orgarszation for © IS0 2015 - All rights reserved

d
Provided by IHS under license with IS0 Licensee=Becton Dickinson/5984713001, User=Zhu, Jessica
Mo reproduction or networking permitted without license from IHS Mot for Resale, 12/28/2015 02:36:11 MST




ISO 14644-2: 2015(E) Page 9 of 46
ISO 14644-2 #ixE , Wit RIBEKERETE SR X I GE TR, B REHERIR

BE#iE , BTRESEaE S KENTSIERE,

In some circumstances, relevant regulatory agencies may impose supplementary
policies, requirements or restrictions. In such situations, appropriate adaptations of
the monitoring procedures may be required. After a monitoring plan is initially
established and implemented, it may be necessary to revise the plan when significant
changes are made to the installation or process requirements. It is also prudent to
conduct periodic reviews of a monitoring plan based on data obtained and
experience in use.

ARLERT | EXRETWIRTLURHIENECR. BEXREFEREFMG, EXLERT | hiEE
FratR B ESERE, ARV IEHLY G | SREHE L Z2EKRREREL
B, ATREFREAnEHR. FRETREGHEIEIIEREYR | (2EAEHRRZ T
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Cleanrooms and associated controlled environments —
R EMEXEERR—

Part 2:

Monitoring to provide evidence of cleanroom performance
related to air cleanliness by particle concentration

F=ERD - BRFREENHRE S S S SR EEXR SR = EEERYIENE

1 Scope GE
This part of ISO 14644 specifies minimum requirements for a monitoring plan for
cleanroom or clean zone performance related to air cleanliness by particle
concentration, based upon parameters that measure or affect airborne particle
concentration.
1S014644 AEDEN T LRI FIREHITE S0 R EFEEGE F X R R IIR(T

BK , HEETNESER NS SR FRESEH.

r

=

This part of ISO 14644 does not address condition monitoring of aspects such as
vibration or general maintenance of the engineering systems. It does not provide for
monitoring of particle populations that are outside the specified lower threshold
particle-size range, 0.1y m to 5u m. Concentrations of ultrafine particles (particles
smaller than 0.1um) will be addressed in a separate standard.

1SO14644 RO AE R aiFM | W0 © fika1EeE TRERFRIHEHPRE . ENRMRI TR H
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ZBEE 0.1um ~ Spm LISMYsts. @ERLKE ( 0.1um ) SERIRRITRE.

2 Normative references BT/

The following documents, in whole or in part, are normatively referenced in this
document and are indispensable for its application. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ARSI | BURERE SR | A . NEEBRERNY | (N5IBRANER | FLE
AEBREERRIS RN |, (NRABERMIRA ( BIEFrEEITIRA ) 1ER.

ISO 14644-1:2015, Cleanrooms and associated controlled environments —
Part 1: Classification of air cleanliness by particle concentration

F—Eb7D : RIERFRENTEREFEDR

3 Terms and definitions ARiEFIENX
For the purposes of this document, the terms and definitions given in ISO 14644 -1

and the following apply:
AIHFRARRIARIE. EXTE 1S014644-1 LARLATEA

3.1 test iz
procedure undertaken in accordance with a defined method to determine the

performance of an
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installation or an element there of

RIRRLE T ENE —TURMEEE H—8Ro AU RERT TS AAYR(E.
3.2 monitoring ¥l

observations made by measurement in accordance with a defined method and plan
to provide evidence of the performance of an installation

BT SRAMETT EAITH A T ABS — D B RO RE R o A il

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

specified.

Note 2 to entry: T his information may be used to detect trends in operational state

and to provide process support.
E L AR T ARF L. B RA P, o RRR MR, BRI F 5 IZMAE o
E 20 AT & T HUR T AR M RAE RS 9 A H e R X HFo

3.3 action level 17&0IR
Level of a parameter set by the user which, when exceeded, requires immediate
intervention, including

investigation of cause, and corrective action

HAFRE—NSERE |, EXEIR , FEZAITN. SEREESEMIEREE.
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3.4 alert level ZEr%k

level of a parameter set by the user giving early warning of a drift from normal

conditions, which, when

HAFEME—M2EUKE | BTRRRIEEINRAEEER,

4 Creating, implementing and maintaining a monitoring plan &, H/TF4EPY%
2l

4.1 Principle FI#

In order to gain assurance that a cleanroom or clean zone is performing adequately
by delivering the required control of air cleanliness by particle concentration, a

monitoring plan shall be created, implemented and maintained.

AT RIESFFEAENE TR XIS EHTER R S FRBIRIGIFRE | NAZE., SCHefN4E

RNk,

A monitoring plan shall take into account the level of air cleanliness required, critical
locations and performance attributes of the cleanroom or clean zone that affect the
performance of the installation. The following steps shall be included in the creation,

implementation and maintenance of the monitoring plan:

WIFHINERESFEER KU EUNBRER DL R RS # B IAEE S i XIEEtE
REEME. BUEE. PUTADMEPLATEEITL -

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

risk of adverse contamination events;
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FERSENNSITHE TR | HE, THMEMICRARISREFHXE

— develop a written monitoring plan; #IERE KN

— review and approve the plan; B#ZF0HELTL]

— implement the plan by performing the monitoring; #f7iE=sSChETTX

— analyse the data derived from the monitoring activity, undertake trend analysis

where appropriate and report performance;
PITRBEREERVEEE | HTEB DN, FERRIRES.
— implement and document actions or corrective actions required;
HPUTANCRIB FEeH IEfaTE
— undertake periodic review of the monitoring plan.
X i T E R R
The concentration of airborne particles measured under a monitoring plan may be
higher than the concentration observed during at-rest classification. The observed
values may fluctuate considerably due to factors such as, but not limited to, the

number of personnel present, the airflow rate, ventilation effectiveness, the operation

of instruments or machinery, and activities in adjacent spaces.

R BRI FIRE R BB TSI MR BRI R E., FTNZIRYERT S
sIEAKRRERTEER | (BARRTILL - AREE. WiE, BXSER. (UassEmiRF. &&
MR IHAYES.
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For processes that inherently produce particles as part of the process and where these
particles are not a threat to the process or product, it may be appropriate to rely on
periodic at-rest classification, or operational classification of simulated operations,
rather than monitoring of airborne particles in operation. Other performance and

cleanliness attributes may still be required to be monitored.

T ERBBWE AT ZIRE—EBD T ERNF , XERF AN T ZEE TR LR, B
A BSE AT EHRRIER S ERIUNSERE  MARHIERVER(Fhinick . Hftt4aEsEis
A BRI R AR AR,

4.2 Risk assessment XIf&1FH

Risk assessment is a systematic process of identification of hazards and the analysis

and evaluation of risks associated with exposure to those hazards.

M pgiHER— MR EMN D THEEERRNLARFITE

A risk assessment shall be undertaken in order to
KBS RZ#H 1T |, LME -

— develop a monitoring plan by determining factors that may affect the ability to
maintain the agreed air cleanliness by particle concentration of the cleanroom or

clean zone, and

B A RES/NE IR BRI E TR X SR AR R ERYRE R ZKHIE it &l

— determine the monitoring requirements to provide evidence of performance.

MEEEK , AT IRHMREANIEA
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For guidance on what to consider when undertaking a risk assessment, see

informative Annex A.

X FERITXBGITHES P AZE BT ARTES | IR A
4.3 Monitoring plan ¥5i=it%l
4.3.1 The monitoring plan shall take into account the output from the risk assessment.

I RIRGZE FEIX TS 4

When developing the monitoring plan, the factors described in 4.3.2 to 4.3.13 shall be

included as a minimum.

SHEIERIXBIFAET IR, 2OMZERETE 4.3.2 2 4.3.13 FriEiAfIRE.

4.3.2 Listing and justification of all the parameters to be monitored, including those

that may affect the airborne particle concentration.

HERNRIFTFESHRYPIRIEER , SRABLE RN SR FRERIEER.

4.3.3 Description and justification of measurement methods. For further guidance on

considerations when developing a monitoring plan, see informative Annex A.

WK 7T i RROfEAFNIEE | T H—SHERNENTHIES  WH=R A

4.3.4 Accuracy, maintenance and calibration of monitoring instrumentation.

ISR, MR,

4.3.5 Identification and justification of selected monitoring locations. Monitoring

locations shall be defined in three dimensions.
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TRAANER N RAVER, UM ENMZE=SETEPEN.

4.3.6 Identification and justification of monitoring acceptance criteria or limits,
including establishment of a single alarm level, or a dual alarm approach of alert and
action levels. The minimum requirement is that a single alarm action level is
established. Additionally, an alarm alert level can be established to provide early
warning of performance deviation. For further guidance on setting alert and action

levels, see informative Annex B.

INESZ AR E IRERIRBIFFIE. SRR ERMRAVEY BB W EMEE I TaIRAIRE
75k, RIBEREEE—HIEMATIR , B, EMPRERK IR B IR AR RER
L, MH—PREEIRMITIIKFRATES | W BAE.

4.3.7 Specification of the response required should the data fall outside the specified
limits.
R R 2 SN R AR

4.3.8 The need for and frequency of periodic cleanroom or clean zone air cleanliness

classification by particle concentration in accordance with ISO 14644-1:2015, 5.1.

AR ISO 14644-1:2015, 5.1.3i& g =S # XIERISIRAFRERIERIEIN.

4.3.9 The format for recording data.
ICFREUEIST

4.3.10 The methods, including statistical methods to be used for data trending or

other appropriate analysis.
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5i&  BREATH o EdEESEEMEIND A,
4.3.11 The reporting requirements. #REZEK,

4.3.12 The policy and media to be used for record retention.

AT ICRRFRIRESAIGEN .

4.3.13 The frequency of review of the monitoring plan.
TR RSIR o

NOTE Monitoring plans are reviewed periodically; and based on the knowledge

gained about the cleanroom or clean zone, the monitoring programme is revised.
#Z1 WTKERE S FENS#XIEFENIRERHZ , EMRURER.
4.4 Calibration %48

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.
TN ERAIZ B LS EIUHRFESK | MiZARIQIES | RIS i=NIZ & H
BIZTARIIEGE.

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.
JTUEBRIFIHERS | ROGRISRERA T ENIZARIE S RUE  TRIMRMAY ISO 21501-4 MIEEK.

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

plan.

i . FESR IR ANREIZRR 1SO 21501-4 RURMBEEKHITIRES , NRBXFER , iIERZ
REETHEIRRRIE AT .

4.5 Review and approval EEiZF0HE

The completed plan shall be reviewed and approved.

ST AT T R AR,
4.6 Response to a deviation during monitoring YaizHBE{RZENAL,

If monitoring results exceed the specified limit(s), an investigation shall be conducted

to determine cause, and remedial action taken as required.

NRERERBUVERE NxAERERESEIAFHNRE FRIEFERIHNUTE.

If the remedial action requires significant changes to the installation and/or its
operation, then the classification test according to ISO 14644-1 shall be undertaken.
The monitoring plan shall also be reviewed as a result of the changes to the

installation and/or its operation.

SNERHNGATE | FIRESHZENEIZITHEERE , NIRHE SO 14644-1 Mt T !
W, Wt NI LR E B TR B GRS

When the desired classification has been achieved, monitoring may be resumed.

SIRZIFTERRIRS] | ISR ETIRE
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5 Periodic classification of air clean liness by particle concentration

WHFREERH TEREFERD]

Periodic classification testing shall be undertaken annually in accordance with ISO
14644-1. This frequency can be extended based on risk assessment, the extent of the
monitoring system, and data that are consistently in compliance with acceptance

limits or levels defined in the monitoring plan.

NOTE ISO 14644-3 specifies ancillary tests related to other aspects of cleanroom

performance such as pressure different, airflow, etc

FERBNTE SRR RN 1S014644-1 ST, WRATEF MBI R , kia
RAOEIR RIAR R S U TR e SR B SRR A,

it © ISO 14644-3 EXRYESEMRERMASERBEXRNENGZE  WEE | SiF.
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Annex I A
(informative)
(&#)
Matters to consider when developing a monitoring plan
B EMR LRI BB BRI E R
A.1 Risk assessment considerations
PRSI FA
A.1.1 Selection of an appropriate risk assessment tool
EFESERNNETE TR
Risk assessment can be undertaken using a number of tools — separately or in
combination — including
LA S ERANXRIT G TR | BFREARRT
» HACCP
» FMEA/FMECA
> PHA
> FTA
» HAZOP
A.1.2 Definition of required performance and operating conditions that
may need to be monitored EEH{TIE NI TIESRM
These can be factors such as : ItZEEEEIE -
— Understanding the contamination sources and their impact on the activity in the

cleanroom or clean zone at critical locations or at locations representative of the
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general air cleanliness in a cleanroom or clean zone,
— Performance of the installation that might affect the cleanliness levels such as
pressure differential, airflow uniformity, airflow volume, ventilation effectiveness,
temperature, relative humidity,
— Normal and energy-saving set-back mode,
— At -rest or operational states, and
— Occupancy and level of activity, such as change of shift.
> BEESRR NSRS FESRE RS FKIERERFRIRN |, SRR SR =R

mFXEANRERUNESIERENRD ;
> EIREIEESNRA (HN, BE. SRS NE. |[RRFERIE. BE. BXEE

FRE ) HI%EITH,
> IEEFMHETREE
> BRSEEISEMY
> ESBEERIKE |, BIanRIE,
A.2 General considerations —f§E EFE =
A.2.1 The general matters described in A22 to A.2.21 should be considered
when developing a monitoring plan.

TEFIEIEMETRIRT |, B2 8 A2.2 = A.2.2]1 TIhERSERER,
A.2.2 The measurement technique, including the selection of manual and/or
automated monitoring.
WERA |, BFEATIMN/EBHEEUEICRIIEE,

A.2.3 The resolution, accuracy and calibration requirements of the measurement
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system including, in the case of airborne particle counters, the efficiency and
limitations of the collection system.
DIZSEFRAIHEER NG  WERFRIDHER, HEREIIREER , B FIERTAIN
ZHHPRE.
A.24 The location of monitoring system components, including requirements for
access for maintenance and calibration.
WNARGEMERINIE | BIRHERIBUERIBREK,
A.2.5 Instrument or sample probe location, configuration and orientation.
IRBECRABRLRINE. iS5,
A.2.6 Identification of frequency of measurement or sampling in order to detect
deviation events.
ENEERIFRIRE |, LMEENERES .
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 RE I N AR AR IS NERAVE BER | Hl0 ( BFEERRT ) BE. BE. S5iEF
iman. BERA. FaREIZEE. RTAKRES ARSI S.
A.2.8 Consideration of any potential adverse impact of the sampling system on the
process or the process environment (e.g. possible effects of the extraction of the
air-sample volume required by a particle counter on small enclosed environments).

RERGXS T2 T2 MR AT REERRIBTEAR RS (HIIN , RFIHEERHA TSR |, &
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BEXT NI AR RIS AR IR ),

A.2.9 The results of any airflow visualization studies such as “smoke studies,”

computer airflow modelling simulations or other studies.

XPSREA TS , G0 RERIE” | TTENSIREEREIEE AR,

A.2.10 Understanding the ventilation effectiveness in the cleanroom or clean zone,

as might be affected by rate of air exchanges, recovery or clean-up time studies, or

any other method to understand the potential rate of removal of airborne particles.

EES =05 R XISRIE X, BXEA RS, SRIFEEMAFRIMN | 5
W EAh 75 AR SRR ERRAYETEREE,

A.2.11 Extent and/or frequency of cleaning or maintenance procedures and their

impact on airborne particle levels, both during execution and immediately after

completion of the procedure.

B R ERIEFFRIRI T EERA/BBUR | LIRERS. SREIETRTmE | iFi5. HRIEME

XS EIFALFIKFRIFM,

Consideration of process-related events that may affect environmental conditions at

monitoring locations. Such events may include (but are not limited to) dismantling,

cleaning and reassembly of equipment , whether as part of the process cycle or as an

element of maintenance work.

NOTE It may be useful to include within the monitoring plan provisions for

monitoring the recovery time at the conclusion of such refitting, prior to resuming

normal operations.

REAJREI N RIME R AR T 2RXEMH | EEEH I REBEERRTIRE IR, B
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PEF | Err L 2RSS HRIEFR_ DAREER R FYREER.
TR ERR ERRERETFE. WEIEREFRIECAT , MEENFMEIRSRE, EREEE
R SR FREIX
A.2.13 Typical positions and movements of personnel during the critical operational
periods.
EREREIRET , BMEARNRENESE.,
A.2.14 Expectations for the number of personnel active in the cleanroom or clean
zone, the nature of their occupation and the duration of their activities.
ERF=ETL S FXEERITEAAL | ARENRIERAGERRT K,
A.2.15 Assessment of the impact of equipment-generated changes to airflow
patterns.
AR T SRRIVAIRN.
A.2.16 Assessment of the potential for equipment-generated particle sources.
Examples include particles generated from abrasion of surfaces on moving conveyor
systems, and processes such as sealing of glass ampoules and radio frequency (RF)
welding of tubing.
THHIREERBTER AR, D0 EXRFEREERENAF ISR ORI F |
LAR EES SR R
A.2.17 Data logging and data management, including data integrity, storage and
retrieval
NOTE In some industries the storage and integrity of data are specifically regulated.

HIRICRINEUEETE | (RESUEEM. UREEINRER.
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IR ARSI |, RN AR ISIE TR B TIANE.
A.2.18 Establishment of suitable techniques for the evaluation of raw data,
assessment of trends, and production of reports.

N AIEAISATF R TRInEEITG. BETHEREMRS.
A.2.19 Definition of acceptance criteria and establishment of a single alarm level, or a
dual approach of alert and action levels.
WEREZINE | FHEZRMEAPRRKE | BRRUUERPR, 17a0RKE,
A.2.20 Requirements for commissioning and testing of the monitoring system(s).
RGN TR EK,
A.2.21 Requirements for maintenance of the monitoring system(s).
IR FAEREK,
A.3 Pressure differential monitoring FEZ=5
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.
EEEE R XIBEERNAFHTAEN [, NEEE A3.2 £ A35 IFEENAE,
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.
ERAMRERREEETHREE (Ha0 , 7S5 ERSRERNETT ) SERIEEREY
73k, SINERRERS: , 2—MERNGIE,
A.3.3 Selection of a pressure-measurement reference principle (measurement of

differential pressure between rooms or spaces, or measurement of differential against
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a common reference pressure).

EREENENSENE (UEFESTEZENEE  BEU—TERSEEENRENE
EZE )

A.3.4 Establishment of alert and action levels that are sensitive to normal pressure
fluctuations due to factors such as wind effects on buildings, the opening and closing
of doors and other factors.

XS IE B R EE RN BURAVE ABRFNTTRIMRKE , &R EE KRNI E = BIEX XS E R
#IE, FH). RNUREEEERS.

A.3.5 The pressure differential may be monitored by periodic observation or by

automated instrumentation.

LB ERAMER e B iR E XS EERR T,

A.4 Airborne particle monitoring system =SERiFRIFHNRSR

A4.1 The additional aspects described in A4.2 to A.4.6 should be considered
for specifying real-time airborne particle counting systems.

AR SEFAFENRSRE , N25EE A4.2 INE A4.6 ITPERRHEREE,
A4.2 The configuration of the system based on evaluating the following system
attributes:

RFREN SE TN RIS

— airborne particle collection efficiency;

— suitability to monitor the selected particle size(s);

— accessibility for maintenance, calibration, and repair.
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> TREFRAHIBEERE

> ESERARR ARSI

> HEHR. RUEFI4HMERIREENM,

NOTE 1 These considerations will influence the choice between using multiple local
“point of use” particle counters or using a single particle counter with a

multiplexing manifold and long sample transport tubes.

NOTE 2 The use of long sample transport tubes as required by multiplexing manifold

systems is inappropriate for monitoring particle sizes >5 pm.

1 ERAFRY T RS2 AL RAFEAZE AT AL BTIHEE,

(e

E
RREN—E 3% ZKE A% KEAMEFTELETHRE
EE 2 SRS REAZAAEZRMEARBERMEEE , ZAARER THAE =5um o9 42F 69 KA,
A4.3 Air sample flow rate and volume.

EERFENERFE
A4.4 The frequency and duration of the collection of each air sample (determined
by the sampling rate).

B SEARRERSTERFRERNK ( LIRFESNE ),

A4.5 The sample probe configuration and orientation with respect to airflow (e.g.
isokinetic or an-isokinetic).
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.
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RIS AR F SRR (B0 , EIRASIU SRR, )

AR BREQAFMET, TRERFFLALBELETHAE ALRELBBTRE, AAX—
CEULERS TV FET TS EVLEN & WLV ST T EE Y
FES TS

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).

RIFRFAIRENS T2 L ZINTIERRIBTEARRT ( fla0 , /INEERMET | =SREINER
BEXSEIMRIERAISZNE ),

A.5 Airflow velocity and volume monitoring X% X = 45
A5.1 The additional aspects described in A.5.2 to A.5.3 should be considered for
specifying airflow velocity or air volume monitoring systems.
EIRTTXUEX EWNRSE , N2%EE A5.2 TE A5.3 IH#IAIERREZE.
A5.2 The selected airflow velocity or volume measurement technique.

TR NIRE X ET &R A,
A5.3 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.

BWENEIREAINMNE | LMRENEERERNENRFEHEEGNRIL.
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AT TRE BTN AL B S ATIRE, RN LR AAR AN, BN 4
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Annex B [fi5B
(informative)

Considerations for setting alert and action levels
ERPRMTHIRIRENEE
B.1 General basis for setting alert and action levelsZ 7§ fRF{TaIPRIZEAE HIELR
The establishment of alert- and action-level alarms requires careful consideration to
ensure they provide an effective basis for initiating a response, such as further
investigation or increased observation(known as an “alert level” ), and trigger a
remedial action response (designated as an “action level” ). The following should be
considered:
ST ERPRF TR ERBEE | LIRRA LIRS — e ERE R AT IR |, Landt—
SREEIGREN (B "ERER" ) | FRRRIRAMEREIRA (EXA TR ) . NFE
BLUUTRE :
— the intent and purpose of monitoring;

WA BEREE ;
— the importance and/or criticality of the monitored parameters;

NSRRI/ BRI
— the selection of a single alarm action level or dual alarm alert and action levels;

1TIPRFIER ERREE PRI |
— the risk from failing to react to the "alert” or "action” due to high frequency of
alarms. This may occur from setting inappropriate alarm levels and may result in

personnel not acting upon or muting alarms;
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AT HRESTHNE , TiAx S 8 170" MHmi, RIRENERIRIVERES | B
SEIRFARTNESEREE RTER |
— how normal acceptable fluctuations in monitored parameters are managed; for

example, the rationale for time delays and the algorithms for rate of change

prediction systems;
I EEZINNSHENTEZRE) , fli0 , FEERSIEMAIE ST R RERENE
e
— frequency of sampling or measurement to enable assessment of the rate at which
the next data point will be acquired;
BRI USIER  LABIS TGRSR SRTE N —R B TAREEE AR Al I SR AR |
— when responding to an “alert,” the ability to respond, the nature of the response
and the time allowed for the response before it is elevated to an “action.”
E— "ERRE" MERNES , WARIBEN. MAERR , DUREEFHRA "17a0k
L ZRIFRIRAYATE.
B.2 Setting alert and action levels for pressure differential monitoring
[EZE R NERPRITERIRE
B.2.1 Establishing the normal operational range for pressure differentials
EEEEEITEEREL
In order to set alert and action levels for pressure differentials, it is necessary to
establish the normal operating range, including, for example, fluctuations due to
doors opening and equipment interactions.Deviations from this normal operating

range can then be established in terms of either solely a value deviation or a value

itr _ : - -
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and time of deviation.
NTREFEERFNTNR  FEEVIERERISITEE |, 85F Al , BT IMREE
=R Ra, WIERIEITEEZ /MIRES BT LARLAE N SR ERESEUEINR R E .
The initial observations should be repeated periodically and after maintenance or
modification of a cleanroom or clean zone due to variations in performance and
ageing of components of the installation.The approach given in B.2.1.1 and B.2.1.2
should be adopted to explore and document pressure fluctuations.
EERMSREERETEEE  AECHESHNER , A EEE XSG $#E BT 48
TMHTHIRFEEUIEZ fE | IR LR KR FES L.
B.2.1.1 The impact of operating airlock doors FF><%&41| JETAIZ M
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.
FPETREEARTIEN—NEE XSS F AN ER— NG FX/ A EREE,
BRI EERENIZILH P —IOR R 2R, FRAEIRATRSEY  SlE—i8RY/]
FIFHEY |, BE et mEE AT RIA JEF I RYER.
It is necessary to test and document these normal variations to properly set alert and
action levels for pressure alarms. Follow this procedure:

WIEANCRXEHENZ | LMEAEDREREEINERAITIR, SR ERHT
1 -
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— 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;

KARFBRIIFMERE , EXMBERENEITAS  UERERS TANEENREESHX AN E
% TERTXESE ST =Er N ERE ;

— 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;
BRI, EBENEERRE  FIFRBNIT) , XA AN | iR EEEXEEIK.
K7, WAEERZEFIAE ;

— leakage paths, such as those around doors, should be evaluated as part of a
cleanroom design to ensure adequate allowance is made in the air balance for such
leakages.

RIRE |, GUAN B |, R TIFG | (FiERERRITRY—3ED | LABRRAILG R T
RIS RE.

B.2.1.2 The impact of process equipment T Zi&ZHIZN

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

SRBAT ARSI TREN  BIRETESBTSSNENTERREN | XA BEEX
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[BEEER/NMIAERZN. SRATERH TS |

— close all doors and pass-through hatches, set the equipment in a defined
operational state, and observe the steady-state pressure differentials between the
selected rooms or zones noting the small, normal fluctuations that occur due to wind
and other dynamic effects;

FAARTBRIIIIEREE  IRERTBEEXAIETRE  MERFEERBEEEXEZ B EE
£ | IEEHETREECERWER BRI |

— repeat the test for each of the different operational states of the equipment. For
each state, observe the steady-state pressure differentials between the selected
rooms or zones noting the small normal fluctuations that occur due to wind and
other dynamic effects.

BRFBREAARIGETNSEEUR. MTFEME  WERRERE FANEERIBEEEXE
ZIENEE | EERETXEEENEM LR/ NIERIK.

B.2.2 Setting alert and action levels Z#[RF01TaIRAVZE

B.2.2.1 After observing and recording the normal operating ranges, it is
recommended that a pressure setting for the warning pressure measurement device
be selected a few Pascal below the lowest pressure observation for a
positive-pressure configuration, or a few Pascal above in a negative-pressure
configuration (guidance value 2 Pa to 3 Pa).

MEANCRIEFEREBEEZE @ HREENEBRTE—MNENREEEE  LISRZERY
SEERH TIES ( BNEUERNIRETE/N2-3Pa )

B.2.2.2 It is often necessary to delay the alert or action alarm to allow for normal
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activity in the cleanroom, such as the opening of doors to permit entry and exit of
personnel. Careful observation of the duration of typical or expected normal
deviation is necessary to determine appropriate time delay.Deviations that extend
beyond the normal durations should activate warnings.
[ERRERKEEMEEITIRETETSFEEENNRE , LIRS #ERENEE |
an - FIRVFARRIE | 2 REPHFEANR R TRIIE R B FHARYETE , LUHRERE
RURERT, SRS B EIERRE RS ARIRE.

B.2.2.3 Managing excessive pressure fluctuations or leakage by simply increasing the
pressure differentials is not recommended because air leakage will be increased
further with associated inefficiencies in the performance of the air-conditioning or
ventilation system.

REWBITIEINEEREE S RIEDREGHRE B AESitRREETRASENXRS
MEREER PR ARTIEI,

B.2.2.4 In regulated industries there is an expectation that root causes of problems
will be identified and rectified rather than being accommodated by changes in
operational limits. Failure to identify the root cause may lead to adverse regulatory
action.

EZENTWEGENERERF B ERAREH TR TRAEMARRATEIRE
BRAFSECEERRIT | SRR AR TEIURBI R E AT sEZ 2 ERAYHIE.

B.2.3 Pressure differential instrumentation [£ZE{{3&

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
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accommodated by the setting of the alert or action level.

SEREDFXRE  FREREDFRAREIEETUESEN (AR EAXTEETLIBIEIR
EEMEA TR THME,

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

AT EUERIRTE RN LZEIAFTEIMGER STH RS NRBERE— MELUENRIXISRRT
RN EELREERE— MU RAE.

B . 3 Setting alert and action levels for airborne particle counts

IRE IR F ARV E RGN TaEk

B.3.1 Gener al guidance 1SRN

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.
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NOTE Statistical process control principles can be used to set alert and action levels
based on analysis of historical data.

mREN D2 XM FRAMEMENE KT  EREERE R R AN B R ER
JRMSRSEHIRT, KRR ISO 14644-1 , [EE=aGEFXIEH A2 EUERIXBL IS RfE il
R (KRR ). ERMITHESRENREEIRIER | ERKFETIUEEIEFRAIE
BerllmZ=AIIRA,

IR RAGERE | ETHREUENSTT | RREE RGN TS,

B.3.1.2 It is essential to establish appropriate methods to annunciate or indicate
when the particle count values reach alert or action levels.

ELEHATE [ LUBHIEE A BRI SEA R EREA T FRERERR.

B.3.1.3 When setting alert and action levels, it is important to be sensitive to the
high variability of airborne particle concentrations with time and at different locations.
In 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 occurrence of “nuisance alarms” due to false counts
and/or natural variability of particle concentration is more likely and should be
avoided by careful selection of alert and action levels. Frequent “nuisance” alarms
should be avoided as they can lead to alarms being ignored by users.

HIREERAN TGRS RPN FIRERRE |, LURERRNSRMENS T ERE
Y, TTESSRIRIREBEESHRS ISO 5 RUUNRBETSIIRET | [RERAFRE FTHER
MR, TEXMERT | ErlaeRERRRITEFN/SERLRENBEATU=EN Rk
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ROEEFERI TS e R, NERMEHI MR IRE | FAXMMEERABESW
PR,

B.3.14 The consistency of the physical sampling position and the orientation of the
sample probe can have a marked effect on the particle concentration measured. This
is especially true when there is a need to compare the values from one sample period
to the next. It is important that the position of the sample does not change
substantially without due consideration of the impact on trending history and alert
and action levels.
YIRS B N — U ISRAFERSL A A M AT LAXS U ERIR AR E A A 2 RISN ., X255l EC
Ry, SEFEWILR—MEAPRENEI T EAREN. ERRRE BT HEEETARY
ERANTINEIE R AR AN ERISN,
B.3.2 Establishing normal operating range for particle counts
T IE R FRIRIFIHECTEE

B.3.2.1 Initially measure and record the particle concentration at the designated
critical control points over a significant period of time, in both the "at rest” and

“operational” occupancy states. The intended sampling time and sample size
should be used. From this set of data, the expected normal performance of the
cleanroom or clean zone can be determined and become the basis for establishment
of the alert and action levels. It is anticipated that these normal values will be below
the ISO cleanliness class limit or action level.
&) , WEFCRERERIXEES RINBHRAIREE—REZNE , Ttk "<& M "5
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B.3.2.2 It may be necessary to conduct a subsequent period of observation when a
major change occurs to the design or operation of the installation.

SERIT. DREIETIHAE—NEEAIRMWE | T —MFERMRBR O ERN.

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

RIFIHEIEIRE — 2RSS R, BT LR ER

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;

e) normal activity in the room may create momentary increases in particle counts
that may be acceptable.
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E ) £ IEIRIIEREIA SESIE AR T A ATRUIENN , ATRER LIRS,
B.3.24 To ensure quality particle monitoring data, and to assist comparison of data
from subsequent air samples, it is essential that the sampling position and probe
orientation are consistent. The consistency of the physical sampling position and the
orientation of the sample probe can have a substantial effect on the quality of the
data, especially when there is a need to compare the values from one sample period
to another. Changes to the sampling location or orientation can have an adverse
effect on the trending history, alert and action alarm levels. An example of this occurs
when a cleanroom or clean zone air supply passes through terminal HEPA or
Ultra-Low Penetration Air (ULPA) filters that are adjacent to one another. In this
situation, moving the sample position only a short distance, for example 0,5m, may
lead to the air being sampled from a different filter than previously sampled, thus
making it impossible to compare the cleanliness data with different samples. In most
cases, a significant repositioning of the sample probe should be considered as the
establishment of a new location, triggering a new series of observations to determine
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appropriate alert and action alarm levels.

AT IRERERFEENEGE  FDEINEEESSHEAREUERILCR | REZENZEEEFFEMR
SN EZE—ERY. YRR E SRS A BRI — B AT LA SRR R E T EE A |
RSBV EREN—MEAEHRREIR . SEERFMNESIETLIRRSE  Z
IRARFE K EARFFMN . XAOEN—MIFAEESFERE FXEZ[BI RIESR
R ImEEEERSEDTS (ULPA ) &, FEIXTMER T | BaiRaE R ERERES |
0.5 M B9PIF , FIBES SERENFT= SR B TGRSR RIS IEES | NTIEETAE 54
EAERRAR., ERZHERT , BRI B EEEM NI A — M INE |
5% T —RY MBI EFINESROE R TR E RS,

B.3.3 Setting alert and action alarm levels for particle counts BT FRERTEREL
MATENE

B.3.3.1 The principles described in B.3.3.2 to B.3.3.8 are important when setting alarm,
alert and action level thresholds.

iE B3.3.2 71 B3.3.3 ##iA 7 N EREA TAZBHERIRN.

B.3.3.2 Select either a single alarm action level or a dual approach of alert and action
levels. In some industries or applications, two levels of alarm — termed alert and
action — are employed as a quality control measure and response tool.

R MRE KR E IR THVKENRELE, ARLITWENERER | RENRTE
X - MANERGHITE | SKBRF— T RERHINEIIE.

B.3.3.3 Set the alarm, alert or action levels between the normal operating range and
the cleanliness class limit.

mFEFRIREIXIBNIREEENTIEEE. BRIk,
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B.3.3.4 It is important to set the alert alarm level correctly. This will ensure that the
occurrence of a warning event will be more likely to generate corrective action rather
than creating a spurious and annoying occurrence or “nuisance alarm” , which can
often result in operators ignoring the warning.

PR ELRIREKFRREEN. XERARESSHNAEREGRETERIZIERIE |
MAREIE— M ERMRARRER "EHRE" |, XEERSBIRFRTANES.

B.3.3.5 In most cases, a significant repositioning of the sample probe should be
considered as the establishment of a new location and should trigger a new series of
observations to determine the appropriate normal operating range, alarm or alert
and action levels at the new location.

EXRZHIBRT | SRR EN AR —MRIINE | FAURFTRFIRIMER | LR
EEFRIEBNAIERRIPTE |, RESERIIEIFKE,

B.3.3.6 Ifitis important to trend the data set from a specific location, care must to
be taken to ensure the levels of activity for each sample taken are similar. Data taken
during quiet periods of low or no activity will typically have a different baseline and
range of values in comparison with data obtained during periods of greater activity
and/or when more people are present in a room or zone.
MEFEMNERENSIEEREE | WVVOLBRE—MERRENKEEBIRT, ERE0R
BiEsHAERFRVEEE | AIEERREENEAEBRERENE ( S BEZHARFET 1 BIEEL
XiE ), BEEEARNELATEERIHTECE,

B.3.3.7 The duration of sample period needs to be considered in terms of allowable
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risk. Setting a longer sample duration can smooth data and avoid potential
“nuisance alarms” but may conceal an unacceptably high level of airborne particle

concentration over a short period caused by an unusual contamination-generating

event.

K FEIHARY R B ROZE S IFRIX SIS BRI N IRERIKAIRT R AR LIS B4R RS

BER R BB EEERE SR IS B RESERIERATREA T EZA L

FEM.

B.3.3.8 The performance of the monitoring system, the data gathered, norms

established and trends should be reviewed periodically. Revision of alert and action

alarm levels (relaxation or tightening) should be considered based on performance

evidence.

WNARGRIMERE | EUEKEE M IANREESNZEREE, EREMITHNE ( BHAEE

18 ) BT NIRIER TSRS ITRE LS.

B.3.4 Possible alternate strategies for warning levels for particle counts ¥ 713525

HHIBM R

B.3.4.1 If two particle sizes are monitored simultaneously and samples are taken at

one-minute intervals, setting alert and action alarm levels is more complex. B.3.4.2

and B.3.4.3 describe two strategies.

SN 2 M ARERAZANRIRLF BRI NE—2 TPRIRTEERR A IREE R TRIERIK

FEEZ. b.3.4.2 70 b.3.4.3 HRXFFNEREE.

B.3.4.2 Al ternate strategy 1: A trigger threshold value based on a series of

consecutive higher readings. The higher readings trigger a warning based upon the
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occurrence of a higher level of counts being maintained over a period of time (for
example, three consecutive 1-min readings all above a specified level).

BIERE 1 BT —RIELAISIEEIIMARIE. RSRIEERR AR R IT—ERRIIE( Han |
=S 1 SYMERSEXERENEEE ) & KIEREDABIEZKFBRALES.

B.3.4.3 Alternate strategy 2: A threshold value trigger based on a high frequency of
elevated readings. Sometimes referred to as “x out of y” , this strategy records
readings that are above a specified threshold; if a sufficient number of readings in a
series are above the specified values then an alert or action alarm is triggered. For
example, if 3 out of the last 10 readings are above a threshold then an alert or action
alarm will be triggered.

TFIERE 2  IMEBELVBIEENEEMA. BEERA X8 Y | XMRIRCRIEET
MENREEHIN—FRY , EBRHESTIEEERZHE  WAHEREETFIMARE. 4
an , iIRE 10 MEHHESTHEBISMAIRE | 11R 3 25 11 BHBERVEEE , Ntk
EIREHUTIRENE.
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