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Foreword FEIiS

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. 1SO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

ISO ([H FrtrtEAL LD S ERE EARMELHA I G2 (1SO 2 R HEMA) o JLE FrbrE TAE — B
5e HISOF AT 2T B2 T IR N BORZ: 2 2 — DR R, B BUE N B R
TSR AT S ISORFFIR R E B2, TG BUN IS ZAEBUMN A2, [IFERT 2 n itk
AR, ISOEEFrRHAFEARZE RS (IEC) EHAB AR T AT % A1

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).

GRE P R TT AT I HE B L — B g, XEEAEISONECTR 7R 2 — M A1 P fifiik . ¢

FLR N TR AN R I o AR HE BT 75 T AS R 2R RSO S o 23T A H2 44 I SONECEE 35 43 1) G 6 1L

NPT (S Dhwww.iso.org/directives) o

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).

AT B RS TG 3R AT R 5 1 A AT R A — S8 LRI o ISOR PR AT AT BT A X AL L A

BUAAT DT« L FIBLIA AN T AL SCAEIT A B BORs S A8 43 AN 5 SO R 1) & Al 7 W 471 8 B ]
(% W.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.

ARSCAF R AE T AT AT BRI bR A R T O5 8, AN RGAT]

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

Jy T R ISORE st AR I I LU BEWDRI A A HEVPAY - LI SORIWTO JRMTERE A 57 57 i 22
(TBT) JrHifik R nl 2 W R IHKURL: 575 K25 5.

The committee responsible for this document is ISO/TC 209, Cleanrooms and associated

controlled environments.

B PR NSO RRISOITC 209, 45 FIUA S 10 7 IFR 5 .

This second edition cancels and replaces the first edition (ISO 14644-1:1999), which has been

technically revised throughout.

% RO IR T I (1SO 14644-1:1999), {EHAR T TR .
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14644-1:2015(E)

ISO 14644 consists of the following parts, under the general title Cleanrooms and associated
controlled environments:

ISO 14644 1 A dlal, 76 RKPRE i = A2 M 2R

Part 1: Classification of air cleanliness by particle concentration
Sy RRERL 1 R A R I O R

Part 2: Monitoring to provide evidence of cleanroom performance related to air cleanliness
by particle concentration

S5y A M AAOR IR 1 S BE AT 5 R URE - R0 2 i v 20 R R A
Part 3: Test methods

=y WAV

Part 4: Design, construction and start-up

SISy Bk il AR B)

Part 5: Operations

Wy R

Part 7: Separative devices (clean air hoods, gloveboxes, isolators and mini-environments)
BB RAESE GEWESAAS. TEM. KA S Amini-#E)

Part 8: Classification of air cleanliness by chemical concentration (ACC)
9\ER Iy T AIREE R s 4 (ACC)

Part 9: Classification of surface cleanliness by particle concentration

SISy FETORL M I 2 I T O 2R

Part 10: Classification of surface cleanliness by chemical concentration
Sy FETA AR I R I T 2R

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

[FJRE 22 2 SCVE HYIE A 1SO 14698, {19 38 MIAH < 32 44 P 8-Sl AL W 0g e Al

Part 1: General principles and methods
H—wBar RUAT
Part 2: Evaluation and interpretation of biocontamination data

SER Iy BRI G B VO MR
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Introduction 28

Cleanrooms and associated controlled environments provide for the control of contamination of
air and, if appropriate, surfaces, to levels appropriate for accomplishing contamination-sensitive
activities. Contamination control can be beneficial for protection of product or process integrity in
applications in industries such as aerospace, microelectronics, pharmaceuticals, medical
devices, healthcare and food.

TR E M S R AR A T e i i, N, WORAE I, SR, R S NS YRR )3 51
PG H KK o 5 BRI ORGP dh BAE T E i IRy T 258 R AT a1, LEWIiZE R Sl 1
FooHZ . BT R . BT IR R AT L.

This part of ISO 14644 specifies classes of air cleanliness in terms of the number of particles
expressed as a concentration in air volume. It also specifies the standard method of testing to
determine cleanliness class, including selection of sampling locations.

ISO 14644 [R5 73 Ut WK 2 0 1 Zon] by B 25 AR RR BV FRL 1 B AT A o B TR A 33
W7 B E W O AT R AR, AT PR IORE AL B

This edition is the result of a response to an ISO Systematic Review and includes changes in
response to user and expert feedback validated by international enquiry. The title has been
revised to “Classification of air cleanliness by particle concentration” to be consistent with other
parts of ISO 14644. The nine ISO cleanliness classes are retained with minor revisions. Table
1 defines the particle concentration at various particle sizes for the nine integer classes. Table
E.1 defines the maximum particle concentration at various particle sizes for intermediate classes.
The use of these tables ensures better definition of the appropriate particle-size ranges for the
different classes. This part of ISO 14644 retains the macroparticle descriptor concept; however,
consideration of nano-scale particles (formerly defined as ultrafine particles) will be addressed in
a separate standard.

VZIUAS I X 1SO 28 S8 Ml B A 1 1) &5 RO 25 FH 28 A R end [ B 0 s I 21 B 1R R 28 1k o il
L8 50 T e R A JE o) 2 0t 4 B2 1) 0 " R AR SO 146448573 TR FF— 5. 9MISO i+ 23l
21 P IRAE AT LR B o SRAEEXS OGN 8 ST ANFPRIAR R IR I o SRE.L 58 X T AEARSE A
[F) R /N FRVRE 1 (R e KR BE o ARG A A DR 17 BE 0 AN TR S5 4% 1 ol okn Ve I B4 i€ o 1SO
14644 IR 73 DR B T ORL IR N2 Al RTAKIE KL T CBLHT E SOV B AN TR 1) 1% 18
AR R bRAE D 45 H

The most significant change is the adoption of a more consistent statistical approach to the
selection and the number of sampling locations; and the evaluation of the data collected. The
statistical model is based on adaptation of the hypergeometric sampling model technique, where
samples are drawn randomly without replacement from a finite population. The new approach
allows each location to be treated independently with at least a 95 % level of confidence that at
least 90 % of the cleanroom or clean zone areas will comply with the maximum particle
concentration limit for the target class of air cleanliness. No assumptions are made regarding the
distribution of the actual particle counts over the area of the cleanroom or clean zone; while in
ISO 14644-1:1999 an underlying assumption was that the particle counts follow the same normal
distribution across the room, this assumption has now been discarded to allow the sampling to
be used in rooms where the particle counts vary in a more complex manner. In the process of
revision it has been recognized that the 95 % UCL was neither appropriate nor was applied
consistently in ISO 14644-1:1999. The minimum number of sampling locations required has been
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changed, compared with ISO 14644-1:1999. A reference table, Table A.1, is provided to define
the minimum number of sampling locations required based on a practical adaptation of the
sampling model technique. An assumption is made that the area immediately surrounding each
sampling location has a homogeneous particle concentration. The cleanroom or clean zone area
is divided up into a grid of sections of near equal area, whose number is equal to the number of
sampling locations derived from Table A.1. A sampling location is placed within each grid
section, so as to be representative of that grid section.

T AR S — SO B I A PR HRRE G B AR Sk s D B8 I MR AT VP47« 4
VAR ST L0 YRR (R R SR AT WP AR ML ORE o 95 007k SV A
A ASE AL B AE Q5% B A X 18] KT, 422> 90% R vk 4+ 28 B 4 DK 23 R 5 H Rt 79 900 N s KORE1
WL o VAT BT RSB 73 Ar 75 17 4 28 B 4 X HRDRE T JEAT B 19994F i fISO 14644-1 — A
(R AL r 1~ o BBOREAIE A [ () TE A 40 A 2 o s 1R], AR H AT & R By, fav/r LS N2 2= i) 7 A
Fi 1B AR K B3 1R BEATHURE . £EI1SO 14644-1 19994F I (115 Buid F vh 028 A TH 3 95% I UCL
BEAN 538 HLN AR —80. HIXT1SO 14644-1: 1999, f/MCE EREN B ZRk gy, —A4
ZHELM, KAL, CEAE—A LB BB 1)@ N BOR T EAT S i, DA SO 1 de /N Hi i 1)
WOREAT o B VA A HURE A7 B BT AT A7 35 ) FRORL 1R B2 o 3ok 4 5 sl 4 DX Sl 2 51 by G0 7 359 45 £ A
P DX I, ) BB AT R A1 2 AL LHE IR (8 IR A7 B e AT () B8 o — N ERURE S B TBAE — A A 8 o
DA AR 1Z PS50 -

It is assumed for practical purposes that the locations are chosen representatively; a
“representative” location (see A.4.2) means that features such as cleanroom or clean zone layout,
equipment disposition and air flow systems should be considered when selecting sampling
locations. Additional sampling locations may be added to the minimum number of sampling
locations.

g LSRR H R ABGE e 1 B SR — AR S (ILAL4.2) RRE R IE, B
I XA R B AR BN U AR G AR L PR AL BN A% 1 o BEXT g A URE B (14 87 AT LA
BE AN RO o

Finally, the annexes have been reordered to improve the logic of this part of ISO 14644 and
portions of the content of certain annexes concerning testing and test instruments have been
included from ISO 14644-3:2005.

B, sk AT A7 LASGE 1SO 146441% 38 55 I B, 2 I SR IR 23 A 25 0 Tl A i A
O A AFEAEISO 14644:2005/7 1
The revised version of this part of ISO 14644 addresses the =2 5 ym particle limits for ISO Class 5

in the sterile products annexes of the EU, PIC/S and WHO GMPs by way of an adaptation of the
macroparticle concept.

BATINISO 14644FK 53 X 25pumki 44 FRL 1~ FR B2 /2 4% SO 54%, fEEUJLH ™ i i 5% . PIC/SHIWHO
GMPH S ABORL T 1) A 7 o
The revised version of this part of ISO 14644 now includes all matters related to classification of

air cleanliness by particle concentration. The revised version of ISO 14644-2:2015 now deals
exclusively with the monitoring of air cleanliness by particle concentration.

DUAEABAT FCAS I1SO 14644 K 73 C 45 BT A 56 T-RE 1 I B A 50 25 U0 1 A5 2 (R < I 20155421 1)
ISO 14644-2BL7E L [ JAb BE S T-RE 1R 8 7t v S5 40 1A

Cleanrooms may also be characterized by attributes in addition to the classification of air
cleanliness by particle concentration. Other attributes, such as air cleanliness in terms of
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chemical concentration, may be monitored and the attribute’s grade or level may be designated
along with the classification of the ISO Class of cleanliness. These additional attributes do not
suffice alone to classify a cleanroom or clean zone.

AT DLURATRR T 56 IR I 22 R A A m . JLAB R I, I A SRR
AN, AT RE I I HLJR P A S5 G T RER I E 0 1SOW B0 o X L8 BN JE P I A
HE PO 335 4 3 Bt 14 X HEA T 20 4R
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Cleanrooms and associated controlled environments

VRV PSR AE TN
Part 1.

Classification of air cleanliness by particle concentration

B HRCTIRER E TR R R

1 Scope JuH

This part of ISO 14644 specifies the classification of air cleanliness in terms of concentration of
airborne particles in cleanrooms and clean zones; and separative devices as defined in ISO
14644-7.

ISO 146444/ ME T i1 s M1 X . DL ISO14644-7 5 SR 55257 B v (10 250t 1 J5 25 2
e MR A R TR BRI 0 1

Only particle populations having cumulative distributions based on threshold (lower limit) particle
sizes ranging from 0,1 um to 5 um are considered for classification purposes.

AAAE0.APmM-0.5um I BIE (IR T-BIED RiAei A 5 BB A R A AT Bk 200 .

The use of light scattering (discrete) airborne 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.

TGRS RO 2R Eeds (LSAPC) HH A& fff g BV RL 1 IR FE R JEAL 75 Bk i HURE 52,
ST M IR HRLAS o

This part of ISO 14644 does not provide for classification of particle populations that are outside
the specified lower threshold particle-size range, 0,1 um to 5 pum. Concentrations of ultrafine
particles (particles smaller than 0,1 um) will be addressed in a separate standard to specify air
cleanliness by nano-scale particles. An M descriptor (see Annex C) may be used to quantify
populations of macroparticles (particles larger than 5 pum).

ISO14644 AR5y I AR AL H AL E K T BB AR B, BIO.1pum-Sumbs 1 #0734 . B 40k
TIRE CNT0.1pumATRL 7 RFAEGIRGUBURL L 1025 0 1 B A b e P dE AT ik . — > M
AT (I CH T HAL KRR CRL 73 5pum)

This part of ISO 14644 cannot be used to characterize the physical, chemical, radiological, viable
or other nature of airborne particles.

ISO14644A 7 N REMH T RALMBL . AL TEONPE A PR sl Ab 2 Ok 7R i
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2 Normative references 3|FHir#E

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.

PUN SR, BARBER 7y, AEAR SOOI 276 F Oy i BN o 6122 L A5 R RRCAS
W XIS % 3, @S5 s A (B3 Boprii i)

ISO 14644-2:2015, Cleanrooms and associated controlled environments — Part 2: Monitoring to
provide evidence of cleanroom performance related to air cleanliness by particle conce ntration

1ISO14644-2: 2015 ¥ 58 AAH O [ 32 4 PR —58 0 70« JEL A 1 R0 8 00t 4 R A S ) i 1
2 RE S LR 1)

ISO 14644-7, Cleanrooms and associated controlled environments — Part 7: Separative devices
(clean air hoods, gloveboxes, isolators and mini-environments)

1SO14644-7, & ERAMKIIZEAE—H-EH 0 BEEE GHERasA5E. FEM. mEm
TR IS )
3 Terms and definitions 3 REMENX

For the purposes of this document, the following terms and definitions apply.
AT FHARTE R E SRR

3.1  General N

3.1.1

Cleanroom JEF=

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

P 1) Hh R TR R PR B 2 4 AN GO 0, LR 30 D )b AT Bevh o s M e, DA
Tl RTINS 7 AR B

Note 1 to entry: The class of airborne particle concentration is specified.

WL 4R TR T IR S .

Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in the air,

and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be

specified and controlled.

FE2: HABF R AT, WA R A L TR SRR IR, AR SR ORI R T 1 B, ARG LA
T (R T Bt B S M 2 4%

Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature, humidity,
pressure, vibration and electrostatic.

FE3: HAbAT R B v W) e ORI T 2, WR R MR IR, R ANER .
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3.1.2

clean zone ¥EERX

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

T RL U BE B2 AR M 03 R B i 2 ), DA A 7 200k 4 ) ATt A4 ], DRSS = KL 1~ 1 5 TN
[t = 1K<

Note 1 to entry: The class of airborne particle concentration is specified.

TREL: 488 BV RL TR 3 2.

Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in the air,

and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be

specified and controlled.

FERE2: HARE R PEACE, e RS 1 TSP BRI, DLRAR IR R R I35 15, AR, s
AR P R 9 JSE T et B M 24

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

VEREB: BB E 035 DX RT LAAE I 4 2 A sl el G B2 S, IR SR W LU T AN T = N .

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

R4 b A Y BB ] AR 77 Az s, iR . YRJE . ). PRBSHAIER .
3.1.3
Installation EIH

cleanroom or one or more clean zones, together with all associated structures, air-treatment
systems, services and utilities

W RS AN, S EEY, A RS, S B R TR

3.14

ClassificationZ i

method of assessing level of cleanliness against a specification for a cleanroom or clean zone
BT it 4 R 9 DX — AN HE PR 4 B KT (R P4 TV

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.

TEREL: N LASOZUnI &I, AR T AL s AR R RL 1 d K SCVFIR S o

3.2 Airborne particles &Fh T

3.2.1

Particle it

minute piece of matter with defined physical boundaries

Yy B0 TR € 1N RO
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3.2.2

particle size Hife

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

A3 — N BRPRLAR W 5 A3 A 5 Ak DDA~ JIT 7= A4 TR A 5[] 4D g 2 PR 33 A2 1)) T A
Note 1 to entry: For discrete-particle light-scattering instruments, the equivalent optical diameter is used.
VEL: X EUBORDG B, A O HAR .

3.2.3

particle concentration RLFIRE

number of individual particles per unit volume of air

AT AR S R IST R Bk

3.2.4

particle size distribution¥if243#

cumulative distribution of particle concentration as a function of particle size

AR R AT R B RRL 1 B2 1) SR AR A3 A

3.2.5

Macroparticle KRLF

particle with an equivalent diameter greater than 5 um

2 AR R T-Bumf kL1

3.2.6

M descriptor M #IRFF 5

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

INAT BRI A (1) 577 K A RORE 7 IOV, RAAE A P 7 R R 11 24 ARk R
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 ISO Classes, but the M descriptor may be quoted independently or in

conjunction with ISO Classes.

L MEETF 5 AT O RAE R BE I LR, ANBE R MR 5 5 5K E SISO, H R US| H s 5 ISO% 44— it
G

3.2.7
unidirectional airflow PA[a¥

controlled airf low through the entire cross-section of a cleanroom or a clean zone with a steady
velocity and airstreams that are considered to be parallel

ST LA T AN N 2 AT IR, 2 T e Rt 4 it v DX (R R A
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3.2.8

non-undirectional airf low JEE|)H

air distribution where the supply air entering the cleanroom or clean zone mixes with the internal
air by means of induction

32 A N3R5 v = B X AL R S P s A By QTR
3.3 Occupancy states fFHRAS

3.3.1

as-built #Z

condition where the cleanroom or clean zone is complete with all services connected and
functioning but with no equipment, furniture, materials or personnel present

W EE R X L E N, TR ERNEE R AT REENL, (B KA MR 7
WRAs .

3.3.2

at-rest #&

condition where the cleanroom or clean zone is complete with equipment installed and operating
in a manner agreed upon, but with no personnel present

W E R X O, AT CE eder, LM T 0BT, (ARAE N RS IR
3.3.3
Operational ##&

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

T S R X LUIE 1) 7 e AT, AR Ie T IR e B H I A 4 IR 3

3.4 Testing instrumentation (see Annex F) JRA{2% (JLHRF)
3.4.1
Resolution ¥R

smallest change in a quantity being measured that causes a perceptible change in the
corresponding indication

5 AR oS N F 7 L7 A AT LA AR PR A D S ) e /N AR A
Note 1 to entry: Resolution can depend on, for example, noise (internal or external) or friction. It may also depend on

the value of a quantity being measured.

WL pFRRRREC T, N, MRS CYESECAN YD BREEHE ) . A R] REEL G TR T .
[SOURCE: ISO/IEC Guide 99:2007, 4.14]

3.4.2

maximum permissible measurement error LR KMERZE

extreme value of measurement error, with respect to a known reference quantity value, permitted
by specifications or regulations for a given measurement, measuring instrument, or measuring
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system

X AR E R AN E IR A A MR E IR R G, AR A TR ks v A 1
5o ARUECELE T SO VE BRI R 2 R ARAE

Note 1 to entry: Usually, the term “maximum permissible errors” or “limits of error” is used where there are two

extreme values.
L A, RO R YRR R BT TP AR A
Note 2 to entry: The term “tolerance” should not be used to designate “maximum permissible error”.
TE2: ANAEREREH T KA FRE
[SOURCE: ISO/IEC Guide 99:2007, 4.26]

3.5 Instrument specifications X3S

351

LSAPC

light scattering airborne particle counter &R F S Tl # s

light scattering discrete airborne particle counter JeBUE B RUE SR T £ e

instrument capable of counting and sizing single airborne particles and reporting size data in
terms of equivalent optical diameter

XS BENE VT 5 I 70 PR — B R RL 1 R T E s A5 06 2 ELAR R R/
Note 1 to entry: The specifications for the LSAPC are given in ISO 21501-4:2007.
TF1:  LSAPCIHFRUHEAEISO 21501-4:2007H 45 i

3.5.2

discrete-macroparticle counter BER T #8s

instrument capable of counting and sizing single airborne macroparticles
RERE VHHOFI AN T R 1 REAR IR

Note 1 to entry: See Table F.1 for specifications.

THRL: 2 WARE. btk

3.5.3

time-of-flight particle sizing apparatus AT I APRLARAG A

discrete-particle counting and sizing apparatus that defines the aerodynamic diameter of particles
by measuring the time for a particle to accommodate to a change in air velocity

I3 HORL TV BRI 73 R4, 38 ST 303l ) AR L 30 el 00 58 ) o 2 U3 1 A2 A
Note 1 to entry: This is usually done by measuring the particle transit time optically after a fluid stream
velocity change.

VL T R IR I I SR TRAT I TR S IR IR R AR A
Note 2 to entry: See Table F.2 for specifications.

H2: 2 WEF.2brHE.
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4 Classification 432k
4.1 Occupancy state(s) fFHRE

The air cleanliness class by particle concentration of air in a cleanroom or clean zone shall be
defined in one or more of three occupancy states, viz. “as-built,” “at-rest” or “operational” (see
3.3).

RN B O T I AN 1 B XN R A AR IR B, B O O MRS AT
ATEE AT R 2R (W3.3) .

4.2 Particle size(s) }if2

One, or more than one, threshold (lower limit) particle sizes situated within the range from
20.1um to =25 um are to be used to determine air cleanliness particle concentration for
classification.

A, BUBER AN, BIECH BR)RIAR VS F A 20,1 um A 25 pmot H] T E W 00 I 2
B TIORLIR B

4.3 1SO Class number/ISO &%

Air cleanliness class by particle concentration shall be designated by an ISO Class number, N.
The maximum permitted concentration of particles for each considered particle size is
determined from Table 1.

RTINSO, N, TR ORI S E o B K SOVF RO BIORLIR B AR R 1P b AT T RE
PRI E -

Particle number concentrations for different threshold sizes in Table 1 do not reflect actual

particle size and number distribution in the air and serve as criteria for classification only.
Examples of classification calculations are included in Annex B.

AR LA IR AS [ I B R RE B0 JSE AN B8 B R SEE B 20 A1 5 25 P BOREAR Rk, UV 0 b . )
Ak S5 I S A B S B EAT BT .
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Table 1 — ISO Classes of air cleanliness by particle concentration

RGBT ERIT F =R EISOT K

O Class number |Maximum allowable concentrations (particles/m3) for particles equal to and greater
(N) than the considered sizes, shown belowa
ISO &% HFRATFRRMBAT RVKE CRTF/m® , TR FIH

N> 0,1 pm 0,2 pm 0,3 um 0,5 um 1pm 5um
1 10b d d d e
2 100 24b 10b d d e
3 1000 237 102 35b d e

4 10 000 2370 1020 352 83b e
5 100 000 23700 10 200 3520 832 d,ef
6 1 000 000 237 000 102 000 35200 8320 293
7 c c c 352 000 83200 2930
8 c c c 3520 000 832 000 29 300
99 c c c B5 200 000 8 320 000 293 000

@a. All concentrations in the table are cumulative, e.g. for ISO Class 5, the 10 200 particles shown at 0,3 pum include
all particles equal to and greater than this size.
TP T R 2 AL, A 1SO 54 0.3um 1510 20000 T4 5% T Fr 2 T sl i i i b 2 10 T b 1
b. These concentrations will lead to large air sample volumes for classification. Sequential sampling procedure may
be applied; see Annex D.

UK 2 FEONE SRR R WTRESEIELE IR . 2 LI SKRD.

c. Concentration limits are not applicable in this region of the table due to very high particle concentration.
PN A R B ANIE FH T I8, PRORRE T BE R R

d. Sampling and statistical limitations for particles in low concentrations make classification inappropriate.
B 7 AR FIGE v 25 SRy B, AEARORL 1R B X 25 3 O AN 4

e. Sample collection limitations for both particles in low concentrations and sizes greater than 1uym make
classification at this particle size inappropriate, due to potential particle losses in the sampling system.

FEARHR L I B AL 1A R SIS BRI EUREAR R T Tum A EZOREAR N A BE O ANE T, 3 350KE 1 X
FER G AL R

f. In order to specifyy this particle size in association with ISO Class 5, the macroparticle descriptor M may be
adapted and used in conjunction with at least one other particle size. (See C.7.)

AT HEISO B HIRIAR, B3 MTT eI W I 5 22 20— Bl HAh AR I [
g. This class is only applicable for the in-operation state.

BIONGE T3

4.4 Designation 44

The designation of airborne particle concentration for cleanrooms and clean zones shall include
R IR R AP S SE S A R TR A R =y

a) the ISO Class number, expressed as “ISO Class N,

ISO% 4, LL“ISO N %K,

b) the occupancy state to which the classification applies, and

RS g, R
c) the considered particle size(s).

T 3 R RLAR
If measurements are to be made at more than one considered particle size, each larger particle
diameter (e.g. D2) shall be at least 1,5 times the next smaller particle diameter (e.g. D1), i.e. D2 =
1,5 x D1.
WA RAEZ AR N AT, BN REORE Y BAR (Fldn: D2) MR 156 N —DEUMY
THAR (Bl DL, WEiED221.5 x D1.

(ZhC.D
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EXAMPLE 1SO Class number; occupancy state; considered particle size(s) ISO Class 4, at rest;
0,2pm, 0,5um
Bl  1SO%EL, AR, g Mkifte, 1SO4%: #A: 0.2um; 0.5pm
4.5 Intermediate decimal cleanliness classes and particle size thresholds A& EZK

T RREAZ ) (L

Where intermediate classes or intermediate particle size thresholds for integer and intermediate
classes are required, refer to informative Annex E.

WU EER RO, s O (8] 20 6 o [RDREAR BN, 762 WS %05 B R E.
5 Demonstration of compliance & iEH

5.1 Principle JEN

Compliance with air cleanliness (ISO Class) requirements specified by the customer is verified
by performing specified testing procedures and by providing documentation of the results and
conditions of testing.

PR E YISO G R Al AT i R R IR B8 I B A I 1 2 R A
B

At-rest or operational classification may be performed periodically based upon risk assessment of
the application, typically on an annual basis.

AN BERAE 23 0T BESE JIPAT 25 T XU DAL 0 N IR, TR S R AE AT .

For monitoring cleanrooms, clean zones and separative devices, ISO 14644-2:2015 shall be used.
X T AN X, N BB I, 1SO 14644-2:2015t 25 N H]

NOTE W here the installation is equipped with instrumentation for continuous or frequent
monitoring of air cleanliness by particle concentration and other parameters of performance as
applicable, the time intervals between classification may be extended provided that the results of the
monitoring remain within the specified limits.

VE = G R T DA e C T o 00 R A A L 2 2 R B 5 ) S N S B A st s O LI I SRR
FRREE e oE IO R RE, DD 2 i 1 DX R AT 25 ) 4 2 P O P ) ) o m) A SE G

5.2 Testing PR

The reference test method for demonstrating compliance is given in Annex A (normative).
Alternative methods or instrumentation (or both), having at least comparable performance, may be
specified. If no alternative is specified or agreed upon, the reference method shall be used.

TER AT ZG T 225 (1R 77 R E FF A vE . B AOTEEUES (B ), /DA F 4 1 TR RE,
A Re R E . WIREA TR E RS E, NAEHRSE L.

Tests performed to demonstrate compliance shall be conducted using instruments which are in
compliance with calibration requirements at the time of testing.

DR PAT 15 5 PR < 30 S ] HEAT A FH OGRS Y 2 02 15 5 R 75 >R g ko

5.3 Airborne particle concentration evaluationa&Fh FIRE I

Upon completion of testing in accordance with Annex A, the concentration of particles (expressed
as number of particles per cubic metre) in a single sample volume at each sampling location
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shall not exceed the concentration limit(s) given inTable 1 orTable E.1 for intermediate decimal
classes for the considered size(s). If multiple single sample volumes are taken at a sampling
location, the concentrations shall be averaged and the average concentration must not exceed
the concentration limits given in Table 1 or Table E 1. Intermediate particle sizes shall be derived
from Formula (E.1).

AR B S ATE BN, 755 AN SRAEA B HAT 0 SRS BEAS AL IR 5 (5 7.7 K R s L1 H) ANk it
FER P2 AR PRI L, B R E. A P45 H A9 7 BLARRL R A 1) G 0 ROk EE B RS o dp SRAE ] — A
KREENLEH ZAFEAREI, WP A, HIWRE AT R IGRE. L A R & . ]
ki RE AKX (B 5.

Particle concentrations used for determination of compliance with 1ISO Classes shall be
measured by the same method for all considered particle sizes.

FH T 72 | SO A5 5 1k FRARL -4 B8 75 B2 FHAH [R) 0 5 V2000 T A3 R A2 1B A T
5.4 Test report MRS

The results from testing each cleanroom or clean zone shall be recorded and submitted as a
comprehensive report, along with a statement of compliance or non-compliance with the
specified designation of air cleanliness class by particle concentration.

BE— N B R X IR 4 R T D S IO AN R RS AT IR, RN R AT — AR i
L JSE 5 R PR 52003 i) TR A 5 415 58 2 s L GO I 7

The test report shall include AR & W4, 5

a) the name and address of the testing organization, and the date on which the test was
performed,

MR A RR Rk, AT IR H 3,
b) the number and year of publication of this part of ISO 14644, i.e. ISO 14644-1:2015,
ISO 1464477 (115 44y, 4n: 1SO 14644-1: 2015,

c) a clear identification of the physical location of the cleanroom or clean zone tested
(including reference to adjacent areas if necessary), and specific designations for
coordinates of all sampling locations (a diagrammatic representation can be helpful),

W DR PRSI o 87 B ) 4 ity 1 DX AT I (i SR 1 R AL A S A AR X A0, R
A HUREAT B AR bR I B AR 2B (R R R LA D
d) the specified designation criteria for the cleanroom or clean zone, including the 1ISO Class

number, the relevant occupancy state(s), and the considered particle size(s),

i bR UET, 1 % Bt R X A FR, FRISOZ, FHOCM S HPIRAS, HIERiAE,

e) details of the test method used, with any special conditions relating to the test, or departures
from the test method, and identification of the test instrument and its current calibration
certificate, and
IR MRATT VRIS, AR RS RN, i NIRRT B

f) the test results, including particle concentration data for all sampling locations.

MRAZR, AS Pr DUREAL B kL TR s

If concentrations of macroparticles are quantified, as described in Annex C, the relevant

information should be included with the test report.

W RORL - AR P2 v LLEEAL IR, SR B sk CHP i, AH AR B R % A & ZE A o

17 /58



14644-1:2015(E)

Annex A [ffs%A

(Normative) FrAERE

Reference method for classification of air cleanliness by particle concentration

KR FIRENZEHFER IR SFE T
A.1 Principle J&]

A discrete-particle-counting instrument is used to determine the concentration of airborne particles,
equal to and greater than the specified sizes, at designated sampling locations.

A5 F B O 1~ T B AR 8 R A b, R T T-RE kAR, BRI L
A.2 Apparatus requirements {XZSER

A.2.1 Particle-counting instrument i FHEUX

The instrument shall have a means of displaying or recording the count and size of discrete particles in
air with a size discrimination capability to detect the total particle concentration in the appropriate particle
size ranges for the class under consideration.

BEHORL 7oA, AT S il sk 20 B HORE 1 R 25 H RDRLAR R B8 L RIOREAR S0 e 0, ARG ) 14800 2%
il 23 REAR T Y PR SORE TR, BRI IR A R .

NOTE Light scattering (discrete) airborne particle counters (LSAPC) are commonly used for undertaking air
cleanliness classification.

vk OEEU CEEURD BIFRLFIHEES (LSAPC) 0% T3S B 70 25
A.2.2 Instrument calibration {24 1E

The particle counter shall have a valid calibration certificate: the frequency and method of calibration
should be based upon current accepted practice as specified in ISO 21501-4.[1]

A AZAT AT BN EUEAS s AL IE RIS T 12 421SO 21501-48AT R4 h 41 Hh R B n] e 52 TR AT

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 test report.

FVE: ATV AN RE A bR E H T T 1S021501-4H BRI W RSBk, Bl sk R AR
IZI BRI DE o

oF

A.3 Preparation for particle count testing R.F3HE I TAAE S

Prior to testing, verify that all relevant aspects of the cleanroom or clean zone that contribute to its
integrity are complete and functioning in accordance with its performance specification.

DRRT, A2 BEBORYE RE SRR 19 & B 1 XA — NS AT AR, 258 B . ThRE R IEH .

Care should be taken when determining the sequence for performing supporting tests for
cleanroom performance. ISO 14644-3, Annex A provides a checklist.

FERANAAAT 5 14 DX PR BE SR IR UK R IR 8 E B 2 U . 1S014644-3, KikAF Rk,
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A.4 Establishment of sampling locations HiEXRFERNMNE

A.4.1 Deriving the number of sampling locations 52| S K E

Derive the minimum number of sampling locations, NL, from Table A.1. Table A.1 provides the number of
sampling locations related to the area of each cleanroom or clean zone to be classified and provides at
least 95 % confidence that at least 90 % of the cleanroom or clean zone area does not exceed the class
limits.

MR A A LAF RS D HIURE A0 NL. M ALLIRAE T Ke B0 4SS 1035 1 s mlyils 1 X %) THIRRURE G (1 B
FEARECE, 1 H 22D 959% AR DX )R ARAE 28 /Dyt DX syt 49 25 K 90% i ARAN B L 73 S R
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Table A.1 — Sampling locations related to cleanroom area

R AL S AT AR AR SR HORE £

Area of cleanroom (m2)
less than or equal to

WAEMTR () b TEEET

Minimum number of sampling locations
to be tested (NL)
BORE R f /b B NL

2 1
4 2
6 3
8 4
10 5
24 6
28 7
32 8
36 9
52 10
56 11
64 12
68 13
72 14
76 15
104 16
108 17
116 18
148 19
156 20
192 21
232 22
276 23
352 24
436 25
636 26
1000 27
>1000 JIRAS=W

NOTE 1 If the considered area falls between two values in the table, the greater of the

two should be selected.

L W EE R AR EIRPIANMEPTE], S AGK A o B K B

NOTE 2 In the case of unidirectional airflow, the area may be considered as the cross
section of the moving air perpendicular to the direction of the airflow. In all other cases
the area may be considered as the horizontal plan area of the cleanroom or clean

zone.

W 2: AEACE R R RN, AR A LA R R T RS AR .
FCE A R O AR L Vi 1 s 4 DX R KPP T T AR
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A.4.2 Positioning the sampling locations % B mALE
In order to position the sampling locations
h T SEATIURE RO AL
a) use the minimum number of sampling locations NL derived from Table A.1,
AT I ks AL P A3 B B D IR BCRE NL
b) then divide the whole cleanroom or clean zone into NL sections of equal area,
ARG R TN 1 D i 45 70 NL 2540y
c) select within each section a sampling location considered to be representative of the characteristics
of the section, and
MBS A5 A T B FEEURE RV 55 00 Hh R AR A AR
d) at each location, position the particle counter probe in the plane of the work activity or another

specified point.
TEREAS 1L RV B PR SR E AR i e L e 4 e A

Additional sampling locations may be selected for locations considered critical. Their number and
positions shall also be agreed and specified.

FUE BHURE rn] LSRR SN F K o A AT PR R B A% A 8 AT ]

Additional sections and associated sampling locations may be included to facilitate subdivision into
equal sections.

L T AR B AR DRI DU 1 mT i AR AR At () 1 X

For non-unidirectional airflow cleanrooms or clean zones, locations may not be representative if they are
located directly beneath non-diffused supply air sources.

X T B R R e DX B WAL T AR BRI IE T U7, B A XA B W] Re A RAT AR
A.4.3 Sampling locations for large cleanrooms or clean zones Xt KA &5 = Blid 5 X KRR /0

When the area of the cleanroom or clean zone is greater than 1 000 m2, apply Formula (A.1) to
determine the minimum number of sampling locations required.

M E B XTI T 1000 m (I, T2 3 AL LORER E SR FIORE R de D B0

A

where Horp

NL is the minimum number of sampling locations | NLJ& 55 Syl (1 B /D BURE S5, 1) BAB 2 3380
to be evaluated, rounded up to the next whole
number;

A is the area of the cleanroom in m2. AST IV R T AR

A.4.4 Establishment of single sample volume and sampling time per location & &KL s 4K
SKAE B AR I ]
At each sampling location, sample a volume of air sufficient to detect a minimum of 20 particles if the

particle concentration for the largest selected particle size were at the class limit for the designated 1SO
Class.

21/58




14644-1:2015(E)
i 5E 1 1SO 50 dse K 25 FERLAT (RL 1R BE R BRABLIN , AEAEASRAE U BERAR R 1) 2 U, CRUEREA I
/b 20 ANk
The single sample volume, Vs, per sampling location is determined by using Formula (A.2):

BEAS A R BREICRAE i VS TR AU -

20
v, = x 1000 (A.2)
Cn,m
where Hrp
Vs is the minimum single sample volume per Vs JSERASKAE R /DR A B, TR ()
location, expressed in litres (except see Annex | 12 WL 5% D)

D);
Cn,m is the class limit (number of particles per | Cn,m  JEFH AL E IS L& Fr KRR 2 25

cubic metre) for the largest considered particle | 27 AE (AN KA.

size specified for the relevant class;
20 is the number of particles that could be 20 JE R FIRFEAL TS PR I, vl A 2

counted if the particle concentration were at ap A

the class limit.

The volume sampled at each location shall be at least 2 I, with a minimum sampling time of 1 min for
each sample at each location. Each single sample volume at each sampling location shall be the same.
BN RAE LRI 2000 2 T, SRR Al 2004 1 73l BN HURE BN IR AR R N2 AH 7]

When Vs is very large, the time required for sampling can be substantial. By using the optional

sequential sampling procedure (see Annex D), both the required sample volume and the time required to
obtain samples may be reduced.

2 Vs ARRI I, 3 S BORE R I TR ARG o A8 T T SR AP BRURE R (LB S DD, IR RIS [R5
A BRI o
A.5 Sampling procedure VR

A.5.1 Set up the particle counter (see A.2) in accordance with the manufacturer’s instructions including
performing a zero count check.
LY ST RSP AR/ €S via s W K (L ep VA B it 3

A.5.2 The sampling probe shall be positioned pointing into the airflow. If the direction of the airflow being
sampled is not controlled or predictable (e.g. non-unidirectional airflow), the inlet of the sampling
probe shall be directed vertically upward.
SRAEGRK AL B NAT N e A BRAE IR 1) A AR AR AN AT TR CAnAF R m) ), SRR
SNIPNEIIVE =N

A.5.3 Ensure normal conditions for the selected occupancy state are established before sampling.

IRORE AR DR A2 IORE A BT AE AR R IRES s T ARUE

A.5.4 Sample the volume of air determined in A.4.4, as a minimum, for each sample at each sampling
location.

FERFAN JUURE, HUREB Bep /D N L BT A4 Tl o 1)U R

A.5.5 If an out-of-specification count is found at a location due to an identified abnormal occurrence,
then that count can be discarded and noted as such on the test report and a new sample taken.
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AR SR PR A FR 7 17 DL ECRAE KU I O0S T B A XA TSI BLE 5, AR & s 40
I EBRAE

A.5.6 If an out-of-specification count found at a location is attributed to a technical failure of the
cleanroom or equipment, then the cause should be identified, remedial action taken and retesting
performed of the failed sampling location, the immediate surrounding locations and any other locations
affected. The choice shall be clearly documented and justified.

W IR R OOS TH U it 19 28 i ok B R IMGE F ), I8 B e I BN, SRR T
81, I HAR R RAE fL L B0 P a7 BRI AT AR 52 5 0 A B AT 5200 o 35 T £ 1 s M g ok
.

A.6 Processing of results 45 R Ab3##

A.6.1 Recording of results Z&RFCF

Record the result of each sample measurement as the number of particles in each single sample volume
at each of the considered particle size(s) appropriate to the relevant ISO Class of air cleanliness.

R R AUR S 1SO 1A T 14 B A5 G ORI 2 M5 FERAR IR LI ) R K

NOTE For particle counters with a concentration calculation mode, the manual evaluation may not be
necessary.

e WKL FAT R BT AR, IS A b AT N TP AN
A.6.1.1 Average concentration of particles at each sampling location &8 NEURE m R T IR )
SFHE

When two or more single sample volumes are taken at a location, calculate and record the average
number of particles per location at each considered particle size from the individual sample particle
concentrations, according to Formula (A.3).

AR AR AT IRECE 2 JCRFER, AR A (A3) THERINE SRR ZE2% R IR 1) AR ok
R A RS
_ [Xia T Xig o Xig

X, = . (A.3)

Where

Xi-is the average number of particles at
location i, representing any location;

xi.1to xi.n are the number of particles in
individual samples;

n is the number of samples taken at location i.

Herp
Xi FERAE R ACRARMTALED 1P IRE IR

Xi,1§Xi,n RIRBFICRFE IR TR S

N 7ERHE SRR AL

A.6.1.2 Calculate the concentration per cubic metre 845377 K KR E

% %1000 a
Ci = Vt ( . )

Where Hrp

Ci is the concentration of particles per cubic metre; | CijtHEN7 J7 K R 7k 5

Xi is the average number of particles at location i,
representing each location;
Vtis the selected single sample volume in litres.

X S BURE s R 2R 58, AR R HURE R
VIR PTIE AR AR, AT
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A.6.2 Interpretation of results 4538 FfFRE
A.6.2.1 Classification requirements 732 Z5K

The cleanroom or clean zone is deemed to have met the specified air cleanliness classification
requirements if the average of the particle concentrations (expressed as number of particles per cubic
metre) measured at each of the sampling locations does not exceed the concentration limits determined
from Table 1.

AR SRAE AN BURE R 2 FR LV B2 R~ S (R A B I (3R 1 A e IR BE REE , IS A Vi = s DX
AR TR T A R 2y R K

If intermediate classes or particle sizes are used, as defined in Annex E, appropriate limits derived from
Table E.1 or Formula (E.1) should be used.

B E e SR P I 2O BORAR IR I, Wi K ELEA R (B T TS IIE 2 FRAE

A.6.2.2 Out-of-specification result 00S &3

In the event of an out-of-specification count, an investigation shall be undertaken. The result of the

investigation and remedial action shall be noted in the test report (see 5.4).
HIL OOS gy, FHEMATIA . A A 45 FANTRAME I N AR RS e (B0, 5.4),
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Annex B [ffx B
(informative X #t&3%)
Examples of classification calculations ZHl+&E KT
B.1 Example 1 %1 1

B.1.1 A cleanroom has a floor area of 18 m? and is specified to be 1ISO Class 5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 | per minute.
Two patrticle sizes are considered: D = 0.3um and D = 0.5um.

B PR 5 s R A 18m?, i S ML S AR A I 250N 1SO Class 5 (5 40D # R
Hhy 28.3L/min (& HCRL 7T EE R BT G0N . E 5B FiRL4E: D 2 0,3um and D = 0,5um.

The number of sampling locations, NL, is determined to be six, based on Table A.1.
R AL, R 30 NL #fE h 6.

B.1.2 The particle concentration limits for ISO Class 5 are taken from Table 1:

ISO ) Class5 FIRL1-#e B2 PR R T34 1

Cn(=0.3pm) = 10,200 particles/m®

Cn(=0.5um) = 3,520 particles/m?

B.1.3 The required single sample volume can be calculated from Formula (A.2) as follows:

USNIUE B o TRV S i bR o /AR Wi 7

20
v, = ( ) x 1000
Cn,m

0
K (3520) * 1000

V, = (0.00568) x 1000

V; = 5.68litres

The single sample volume has been calculated to be 5,68 I. As the LSAPC being used for this test had a
flow rate of 28,3 litres per minute, a 1-min single sample count would be required (see A.4.4) and
therefore 28,3 | would be sampled for each single sample volume.

IR R 45 B 0L 5.68L. [K 2 LSAPC HI 15 HLymd A AF 434 28.3L, ZRINAE 1 40%f, [AIm%E
AN FRIREAA R 28.3L.

NOTE In A.4.4, the minimum sample volume for the procedure is set by calculating the minimum sample volume as
shown above and then determining the sample volume obtained for the operation of the particle counter in the time period
of 1 min. The sampling at each position must occur for at least 1 min; if the minimum sample volume as calculated is
satisfied within the 1-min period, then the sampling process can be stopped at the end of 1 min. If the calculated minimum
volume cannot be obtained within the 1-min period with the flow rate of the instrument to be used, then the sampling must
continue for a longer time period until at least the minimum sample volume has been obtained. Because there are several
possible flow rates for particle counters, users are cautioned to verify the flow rate of the specific instrument(s) to be used
when determining the sampling time needed to satisfy both the 1-min requirement and the calculated minimum sample

volume.
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TE: AR A44, FEFEOR IR DI AUL I TR BT ok v SR, AR R R AR o B Tmin (R [a) (0 TR ¢4
BRI E o R RO A BEAT 20 SRS 30 () doe A (K ORE AR AL AE Tmin DAY, 8 BORERE REAEAE Lmin (K]
IR f57 1o S SRAS P AL P (SRR AE 23 B P D20 A e A0 (IR AR IR R, 0 it B 82 B s ) B 38 e /D OB
AL o DOARE T B AT LR T RERIE, 1 SR A S (0 A, LA DR IDURE IS (R0 A2 22— Bty L RES
T AL A D A HURE AR

B.1.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, Xi, is calculated for each location and each particle size as shown in Tables B.1 and B.2.

BEASEHURE AL B o RN BORE RO RS REARSR U SRR LR KPR 7 IO xi, iR B.1 AN

B.2 i,
Table B.1----Sampling data for particles =0.3um
# B.1------- Fi4£20.3um [rIHUREEcds
Sampling Sample 1 Location sample Location ISO Class 5 Pass/fail
location Xi=0.3um average concentration limit for 0.3um
(counts per (counts per avera3ge (counts per | particle size
28.3L) 28.3L) m?® = location
average X 35.3)
HURE R e 1 xi= ZHUFE R | BORE PR (BF | ISO 5 0 | BikIAGH
0.3um(%E 28.3L | V¥4 (fF 28.3L it | S KT E=HFE £ | 0.3um Rtk
D £9) “FHIE X35.3) TR A
1 245 245 8,649 10,200 Pass &%
2 185 185 6,531 10,200 Pass ##%
3 59 59 2,083 10,200 Pass ##%
4 106 106 3,742 10,200 Pass &#%
5 164 164 5,789 10,200 Pass &%
6 196 196 6,919 10,200 Pass &#%
Table B.2----Sampling data for particles =0.5um
% B.2-----Fi£:20.5um [fHURE £
Sampling | Sample 1 Location sample | Location ISO Class 5 Pass/fail
location Xi=0.5um average concentration limit for 0.5um
(counts per (counts per average (counts per | particle size
28.3L) 28.3L) m? = location
average X 35.3)
BURE R FEdh 1 xi= ZHBORE SRR | BORE R IR (BE | 1SO 5 204 ERIAG
0.5um( 4%} 28.3L | V¥ (Ff 28.3L 11 | 35 K- B=HFE S | 0.5um kifehki | 4%
O HO “FHMH X35.3) TR A
1 21 21 741 3,520 Pass ﬁ*%
2 24 24 847 3,520 Pass %
3 0 0 0 3,520 Pass &4
4 7 7 247 3,520 Pass 1%
5 22 22 777 3,520 Pass &%
6 25 25 883 3,520 Pass &%

B.1.5 Each value of the concentration for D = 0,3 pym is less than the limit of 10 200 particles/m3 and D 2
0,5 um is less than the limit of 3 520 particles/m3 as established in B.1.2; therefore, the air cleanliness

by particle concentration of the cleanroom meets the required 1ISO Class.
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B.1.2 "#fiar. 7 D 20,3 um #5/hT- 10 200 particles/m3, #if% D 20,5 um 77N T+ 3 520 particles/m3 [
FEAE . BRI, VR s IR BE A AL ) 28 G v BE I A2 1SO 23 KRR,
B.2 Example 2 #i 2

B.2.1 A cleanroom has a floor area of 9 m2 and is specified to be ISO Class 3 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 50,0 | per minute.
Only one particle size (D = 0,1 ym) is considered.

WM I 1 2 s R TR Om2, i = HUE sl & 102 T 1 45400 1SO Class 3 (3 4. KR Al itis
4 50.0L/min {4 & HORL 3~ TG R BT S0 A . RS Fikite(D 2 0,1 um).

The number of sampling locations, NL, is determined to be five, based on Table A.1.

HBORE RO BCE I 5, FE TR AL,

B.2.2 The particle concentration limit for ISO Class 3 at 2 0,1 ym is taken from Table 1:
ISO Class 3 ¥13i FRife 20,1 um B PR BE Ak B T8k 1.

Cn (20,1 ym) =1 000 particles/m3

B.2.3 The required single sample volume can be calculated from Formula (A.2) as follows:

HORE R AT AR LT 28 3 AT 4

20
VS=( >><1000
Cmm

0
Vs = (1000) * 1000

V; = (0.02) x 1000
V; = 20.0litres

The single sample volume has been calculated to be 20,0 I. As the discrete-particle counter being used
for this test had a flow rate of 50,0 | per minute, a 1-min single sample count would be required (see
A.4.4) and therefore 50,0 | would be sampled for each single sample volume.

IR ARV S E A0 20,000 IR & oKL 1 A oitad D 5 70 B 50.0L,  EESREUHE 1 704,
IR AR RRE 22 50.0L

B.2.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, Xi, is calculated for each location and recorded in Table B.3.

FEANBORE LB MR BN BURE s MRS REARSK VT SRR R KL 1 80 xi, Wik s B.3.
Table B.3----Sampling data for particles =0.1um
# B.3--—---Fif220.1um [FIHURE A

Sampling | Sample 1 Location sample | Location ISO Class 3 Pass/fail
location Xi=0.1ym average concentration limit for 0.1um

(counts per (counts per average (counts per | particle size

50.0L) 50.0L) m?® = location

average X 20)
IR R Frih 1 xi= ZHUFE RREAE | BURE PR (B | 1ISO 5 200 GI&IANG
0.5umCHE 28.3L | “F#4 (4 28.3L il | S5 KIFH=HUFE 55 | 0.5um Fifekr | %

e 0O “F¥ME X35.3) TR AR
1 46 46 920 1,000 Pass 4 k&
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2 47 47 940 1,000 Pass &#%
3 46 46 920 1,000 Pass 7%
4 44 44 880 1,000 Pass 1%
5 9 9 180 1,000 Pass 1%

B.2.5 Each value of the concentration for D = 0,1 um is less than the limit of 1 000 particles/m®
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the
required ISO Class.

D > 0,1 um IR B E8/N T-BREE 1 000 particles/m®. PRI, i 200073k BER AL IR 4% 0 10 B i 2 1SO
B.3 Example 3 %1 3

B.3.1 A cleanroom has a floor area of 64 m2 and is specified ISO Class 5 in operation. The classification
is to be performed using a discrete-particle counter having a flow rate of 28,3 | per minute. Only one
particle size (D = 0,5 ym) is considered.

PO R3 v = g J2 TR 64m2, %3k 19 s e h A& 1 2 1 E 25440 1SO Class 5 (5 20). KR
T 28.3L/min 1S EORL s R IEAT O . SR kii2(D 2 0,5 pm).

The number of sampling locations, NL, is determined to be 12, based on Table A.1.

BT AR AL IURE RO BOE T E Ol 12,

B.3.2 The particle concentration limit for ISO Class 5 at = 0,5 ym is taken from Table 1:
Class 5 45 NRife =2 0,5um [k PR BE(E K A T80 1,407 F:

Cn (2 0,5 ym) = 3 520 particles/m3

B.3.3 The required single sample volume can be calculated from Formula (A.2) as follows:

ORE B m AR LT 28 ACEA T o5

20
Ve = x 1000
Cnm

0
V= (3520) * 1000

V, = (0.00568) x 1000

V; = 5.68litres

The single sample volume has been calculated to be 5,68 I. As the discrete-particle counter used for this
test had a flow rate of 28,3 | per minute, a 1-min single sample count would be required (see A.4.4) and
therefore 28,3 | would be sampled for each single sample volume.

B R S A5 L 5.68L. HI T B HohE VT B as Uil B2 28.3L,  ZEKRIGHE 1 704,
IR AR RURE A2 28.3L0

B.3.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, Xi, is calculated for each location and recorded in Table B.4.

BEAIURE s A B U o B REANTURE ORISR R TSR TR AR 1 AR Xi, Wikds B.4.
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Table B.4----Sampling data for particles =0.5um
% B4 Fi4£20.5um [P

Sampling Sample 1 Location sample Location ISO Class 5 Pass/fail
location Xi=0.5um average concentration limit for 0.5um
(counts per average (counts per | particle size
28.3L) m? = location
average X 35.3)
HURE R R 1 xi= IO SREAE | BORE PR OB | ISOS 4%t | BIAS
0.5um( % 28.3L | ~F¥ (BF 28.3L vl | ML K HE=IRE AL | 0.5um Kif ki 1%
O HO “FMH X35.3) TR A
1 35 35 1,236 3,520 Pass %
2 22 22 777 3,520 Pass 4 #%
3 89 89 3,142 3,520 Pass 4 H%
4 49 49 1,730 3,520 Pass &
5 10 10 353 3,520 Pass i
6 60 60 2,118 3,520 Pass %
7 18 18 635 3,520 Pass %
8 44 44 1,553 3,520 Pass 1%
9 59 59 2,083 3,520 Pass 1%
10 51 51 1,800 3,520 Pass &4
11 6 6 212 3,520 Pass %
12 31 31 1,094 3,520 Pass & #%

B.3.5 Each value of the concentration for D = 0,5 pym is less than the limit of 3 520 particles/m3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the
required ISO Class.

D = 0,5 pm U EEE#R /N T-BREE 3520 particles/m3. [RIt, Vi sk BERf ST 120 14 FE T 2 1SO

B.4 Example 4 %1 4

B.4.1 A cleanroom has a floor area of 25 m2 and is specified to be ISO Class 5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28.3 | per minute.
Only one particle size (D = 0.5um) is considered.

B FRI v 3 s R TR 25m?2, 0 35 FE SIS I A A0 1 25 4% 0 1SO Class 5. 4% Hl i h
28.3L/min [ & HOR T s KRBT O A . L5 —FPkif2(D 2 0,5um).

The minimum number of sampling locations from Table A.1 is 7.

B AL IURE U R e 7.

B.4.2 The particle concentration limit for ISO Class 5 at = 0,5 uym is obtained from Table 1 as follows:
Class 5 #53 Mhife 2 0,5um Ik R (R BT84 LW F:

Cn (20,5 ym) = 3 520 particles/m3

B.4.3 The required single sample volume can be calculated from Formula (A.2) as follows:

HORE TR LT A AT V5
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20
v, = x 1000
Cn,m

V. = (—20 ) x 1000

$ 7 \3520

V, = (0.00568) x 1000
V; = 5.68litres

The single sample volume has been calculated to be 5,68 I. As the discrete-particle counter being used
for this test had a flow rate of 28,3 | per minute, a 1-min single sample count would be required (see
A.4.4) and therefore 28,3 | would be sampled for each single sample volume.

A IUREAARRTE S 2 5.68L 1Tl i) B HiokL 1ok e ds v ade 5 20 B 28.3L,  SEREUHE 1 7041,
MRS B AARURS 2 28.3L
B.4.4 The number of sampling locations required from Table A.1 is 7, however, this example shows that

the customer and supplier have agreed to add an additional 3 locations, making 10 in total. At each
sampling location the number of single sample volumes varies from 1 to 3.

MR AL PP SR A IORE RO 7, 88100, 3K A1 s I A0 A3 7 [ AN I 3 A i, B8 10 A R
FEASUE R IORE BN 1 31 3,

B.4.5 For recording purposes, the number of particles (concentration) per cubic metre, xi, is calculated
from the average count per unit volume (28,3 I) at each location (28,3 x 35,3) as in Table B.5.

R T Al B ITKRRTRL TR CRE GREE), xi, £ HFE B.5 PAENEURE A (28.3X35.3) AT AR (28.3L)
FE I AT 20

Table B.5----Sampling data for particles =0.5um
# B.5--—---Fi{520.5um [{IHURE A

Sampling| Sample 1 | Sample 2 | Sample 3 Location sample z;\(/)ecraz;éoen(zgz(r:]‘tesnggp?r??’lso Class 5 limit )
; . . . average z . for 0.5um Pass/fail
location | xi=0.5um | xi=0.5um | xi=0.5um = location average X . )
(counts per 28.3L) 35.3) particle size
FESL L xi= | R 2 xi= |FE 5 3 xi= CRERE 5B B (T BURE RCPRIRIE (BEAL| 1SO 5 400)
HURES |0.5um (£E|0.5um (5F]0.5um (FF i'; i 28 3[’”%%0 Ji ARV =IURE K2 | 0.5 um REARKE 1| SA% AN A%
28.3L 11 40)[28.3L i1 %0)28.3L 113D ' {4 X35.3) 1) PR P
1 47 57 52 1,836 3,520 Pass &%
2 12 12 424 3,520 Pass &
3 162 78 32 91 3,201 3,520 Pass &%
4 148 74 132 118 4,165 3,520 Pass &%
5 1 0 0.5 18 3,520 Pass &%
6 19 22 17 19 682 3,520 Pass &%
7 5 15 3 8 271 3,520 Pass &%
8 38 21 30 1,041 3,520 Pass &%
9 54 159 78 97 3,424 3,520 Pass &%
10 48 62 53 54 1,918 3,520 Pass &

B.4.6 At sampling location 4, the average sample volume concentration of 4 165 does not meet ISO
Class 5 maximum particle count criteria of 3 520. At location 3 and location 9, one of the individual
particle count concentrations does not meet the limit established in Table 1; however, the average
particle concentration for location 3 and the average particle concentration for location 9 do meet the
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limit established in Table 1. Because location 4 does not meet the air cleanliness by particle
concentration, the cleanroom does not meet the required ISO Class.

FEHURE A 4, R TR 4165 AN AL 1SO Classs i Kb 1 - Ebsitk 3520 Z4E BUFE A 3 F1 9, &/ —
KLU EOR BEANTE L R L i ks dE; SRT, BURE A 3 T O (T34 IR B A2 T k% 1 Wi 11
BRI EURE B4 AN HORL IR FBE TR AL IS s VR R, MO v S AN L 1SO 240

B.5 Example 5 %1 5

B.5.1 A cleanroom has a floor area of 10,7 m2 and is specified to be ISO Class 7,5 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 litres per
minute. Only one particle size (D = 0,5 uym) is considered.

Byt v = s SR RN 10.7m2, %3 i 4 JUE B 128 1 L 25 440 1SO Class 7.5 KR HIE h
28.3L/min (& ORI S kI T SO N . 55— FiRif=(D 2 0,5 pm).

The number of sampling locations is determined to be 6, based on Table A.1.

BT AL IR B E N 6.

B.5.2 The particle concentration limit for ISO Class 7,5 at = 0,5 um is obtained from Table E.1.

Class 7.5 #7455 FRiAE 2 0,5um FOW R ER H T340 E.L W0 F:

2.08

C,(= 0.5um) = 10N x (7) where .t N =75, D= 0.5um

0.1, 208
C,(=0.5um) = 107 x (ﬁ)

C, (= 0.5um) = 31,622,777 x 0.03516757

C,(= 0.5um) = 1,112,096 rounded to three significant digits{&2) 3| =15 %5
= 1,110,000 particles/m3

B.5.3 The required single sample volume can be calculated from Formula (A.2) as follows:

ORE B RTAR Y LT 8 ST V5

20
v, = ( ) x 1000
Cn,m

) x 1000 = 0.01799 litres

V= (1112000

The single sample volume has been calculated to be 0,01799 I. As the discrete-particle counter being
used for this test had a flow rate of 28,3 | per minute, a 1-min single sample count would be required (see
A.4.4) and therefore 28,3 | would be sampled for each single sample volume.

B IR SRS S 0.01799 Lo HI T 2 HOKE 1~V B0 it b 5238 28.3L, BERIUFE 1 7040,
DR MBS L BOPE AR RRURE 2E 28.3L.

B.5.4 At each sampling location the number of single sample volumes varies from 1 to 3. The humber of
particles per cubic metre, xi, is calculated for each location and recorded in Table B.6.

FEA IR BB 1 81 30 RESL KRR TR, xi, S AR IORE v 5545 2 ), )Lk 23K B.6
e
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Table B.6----Sampling data for particles =0.5um

% B.6------- FitE=0.5um [FIEURE S

Sampling| Sample 1 | Sample 2 | Sample 3 Location sample f;\(/):?atloen(ggzﬁ?sntrzpcr:?a ISO Class 7.5
Iocart)iong Xi=0.5um | xi=0.5um | xi=0.5um (coun?\s/epr:rg§8 3L) = Ioc%tion avera%e X “?ziatr{i?::eoé?z“g Pass/fal
' 35.3)
FE L xi= | FESD 2 xi= | FEfh 3 xi= EIURE SORE L (T IR SO B (BESL| 1SO 5 2k
JUPERT |0.5um (F|0.5um CRFI0.5um g~ oe oot o, 7RI BIRAE DT | 0.5um B | Akt A e i
28.3L i1 %0[28.3L 1 %0)28.3L %)~ ' i X35.3) 1 B JEE A
1 11,679 11,679 412,269 1,110,000 Pass &1
2 9,045 9,045 319,289 1,110,000 Pass &1
3 12,699 12,699 448,275 1,110,000 Pass &1
4 26,232 27,555 34,632 29,473 1,040,397 1,110,000 Pass &1
5 7,839 7,839 276,717 1,110,000 Pass &1
6 13,669 13,669 482,516 1,110,000 Pass & 1%

B.5.5 At sampling location 4, the third sample volume concentration of 1 222 507 (34 632 x 35,3) did not
meet the ISO Class 7,5 maximum particle count criteria of 1 110 000. The concentration of each single
sample volume does not meet the limit established by using Table E.1; however, the average particle
concentration for each of the sampling locations does meet the limit established by application of Table
E.1. Therefore, the air cleanliness by particle concentration of the cleanroom meets the required ISO
Class.

PEBURE S5 4, o =R 7B Ry R4k TR 1 222 507 (34 632 x 35,3) AN/ 1SO Class7.5 i Kk 1
THEbRIE 11100000 HUASKEF VB0 BE AN AL A% E.1 HSrbsitEs SR, BEANEURE 2 (0 P KR ik 5
Wi T M ELL PRSI ISR . w2 1SO 2.

B.6 Example 6 %1 6

B.6.1 A cleanroom has a floor area of 2 100 m2 and is specified to be ISO Class 7 in operation. The
classification is to be performed using a discrete-particle counter having a flow rate of 28,3 litres per
minute. Only one particle size (D = 0,5 uym) is considered.

BEIN TRt 452 s S8 IR R 2100 ¥l 3 € B 1) Ut 1 454l 1SO Class 7. # R Hl it h
28.3L/min [ EORL 1 oH B s kb AT o ik . A% —Mokife(D 2 0,5 pm).

The number of sampling locations, NL, given by Table A.1 is limited to cleanrooms of 1 000 m? area. For
a cleanroom of 2 100 m?, the number of sampling locations, NL, is derived from Formula (A.1):

AL AL, BORE S ACER NL BRI 2] 1000 me (AR e - Al 2100 me (R3], BORE R 801
JEN 6o

27
_ ] = . %g\
2100x(1000) 56.7 rounded to 1541 % 57

B.6.2 The particle concentration limit for ISO Class 7 at = 0,5 ym is taken from Table 1:
Class 7 ¥55 FRifE = 0,5um [ B PR BE(E K A T8k 1,40 F:

Cn (20,5 ym) = 352 000 particles/m3

B.6.3 The required single sample volume can be calculated from Formula (A.2) as follows:

R BRI LT 28 ST V5
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VS= C

v _( 20
$ 7 \352000

) X 1000

nm

) X 1000

V. = (0.0000568) x 1000

V; = 0.0568litres
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The single sample volume has been calculated to be 0,0568 |. As the discrete-particle counter being
used for this test had a flow rate of 28,3 | per minute, a 1-min single sample count would be required (see
A.4.4) and therefore 28,3 | would be sampled for each single sample volume.

BB 452 0,0568 Lo FH IR AR B 0K 1 U 2 s o RF 2k 28.3L,  ZERIUHE 1 7381,
DALy 5 L — P AR B 42 28.3L

B.6.4 At each sampling location only one sample volume is taken. The number of particles per cubic
metre, Xi, is calculated for each location and recorded in Table B.7.

FEANIURE R IORE— e RS TOK BB T80 GRIEDD, xi, o RN IURE /TSRS 2R Ol kAR A% B.7

s
Table B.7----Sampling data for particles =0.5um
% B.7---- FiA%£20.5um [EURE
Sampling Sample 1 Location sample Location ISO Class 5 Pass/fail
location Xi=0.5um average concentration limit for 0.5um
(counts per average (counts per | particle size
28.3L) m® = location
average X 35.3)
BOREA | PERh x> | ECFEAERML | BOREACVRIWE (Ri | 1SOB 406 | &lIAS
0.5um(%E 28.3L | V¥ (B 28.3L 1 | W K THEEEURE AL | 0.5um Rtk %
O O P41 X35.3) TR A

1 5,678 5,678 200,434 352,000 Pass &%

2 7,654 7,654 270,187 352,000 Pass &%
3 2,398 2,398 84,650 352,000 Pass &%
4 4,578 4,578 161,604 352,000 Pass &%
5 8,765 8,765 309,405 352,000 Pass &%
6 4,877 4,877 172,159 352,000 Pass &%

7 8,723 8,723 307,922 352,000 Pass & 1%
8 7,632 7,632 269,410 352,000 Pass & 1%
9 7,643 7,643 269,798 352,000 Pass & 1%
10 6,756 6,756 238,487 352,000 Pass & 1%
11 5,678 5,678 200,434 352,000 Pass & 1%
12 5,476 5,476 193,303 352,000 Pass & 1%
13 8,576 8,576 302,733 352,000 Pass &%
14 7,765 7,765 274,105 352,000 Pass &%
15 3,456 3,456 121,997 352,000 Pass &%
16 5,888 5,888 207,47 352,000 Pass &%
17 3,459 3,459 122,103 352,000 Pass &%
18 7,666 7,666 270,610 352,000 Pass & 1%
19 8,567 8,567 302,416 352,000 Pass & #%
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20 8,345 8,345 294,579 352,000 Pass k&
21 7,998 7,998 282,330 352,000 Pass &%
22 7,665 7,665 270,575 352,000 Pass &k
23 7,789 7,789 274,952 352,000 Pass &k
24 8,446 8,446 298,144 352,000 Pass &k
25 8,335 8,335 294,226 352,000 Pass &%
26 7,998 7,998 281,977 352,000 Pass &%
27 7,823 7,823 276,152 352,000 Pass 4%
28 7,911 7,911 279,259 352,000 Pass 4%
29 7,683 7,683 271,210 352,000 Pass 4%
30 7,935 7,935 280,106 352,000 Pass 4%
31 6,534 6,534 230,651 352,000 Pass &k
32 4,667 4,667 164,746 352,000 Pass &%
33 6,565 6,565 231,745 352,000 Pass & 1%
34 8,771 8,771 309,617 352,000 Pass &%
35 5,076 5,076 179,183 352,000 Pass 4%
36 6,678 6,678 235,734 352,000 Pass &%
37 7,100 7,100 250,630 352,000 Pass 4%
38 8,603 8,603 303,686 352,000 Pass 4%
39 7,609 7,609 268,598 352,000 Pass %
40 7,956 7,956 280,847 352,000 Pass %
41 7,477 7,477 263,939 352,000 Pass %
42 7,145 7,145 252,219 352,000 Pass £ %
43 6,998 6,998 247,029 352,000 Pass &%
44 7,653 7,653 270,151 352,000 Pass £#%
45 6,538 6,538 230,792 352,000 Pass i
46 3,679 3,679 129,869 352,000 Pass &%
47 4,887 4,887 172,512 352,000 Pass i
48 7,648 7,648 269,975 352,000 Pass i
49 8,748 8,748 308,805 352,000 Pass £ %
50 7,689 7,689 271,422 352,000 Pass £ %
51 7,345 7,345 259,279 352,000 Pass £ %
52 7,888 7,888 278,447 352,000 Pass i
53 7,765 7,765 274,105 352,000 Pass i
54 6,997 6,997 246,995 352,000 Pass i
55 6,913 6,913 244,029 352,000 Pass H#%
56 7,474 7,474 263,833 352,000 Pass H#%
57 8,776 8,776 309,793 352,000 Pass H#%

B.6.5 Each value of the concentration for D = 0,5 um is less than the limit of 352 000 particles/m3
established in Table 1; therefore, the air cleanliness by particle concentration of the cleanroom meets the

required ISO Class.

42 D 20,5 um PR FE(E AN T80 1L afar B 352 000 particles/m3 5 PRI H 251~ 34 B Aff e 1 2

AL AL 1SO Gl
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Annex C Fff3xC
(informative) 1\ fit=%

Counting and sizing of airborne macroparticles
AR HRIERRLT B VSRR &
C.1 Principlei@ N

In some situations, typically those related to specific process requirements, alternative levels of
aircleanliness may be specified on the basis of particle populations that are not within the size
rangeapplicable to classification. The maximum permitted concentration of such particles and the
choice oftest method to verify compliance are matters for agreement between the customer and the
supplier. Considerations for test methods and prescribed formats for specification are given in C.2.

FELENG LT, Fplie S RAR T Z SRR O K, T LUK S 2R bR [ 2 A R
TRERRIE 53 A0 38 P2 O e Gon o P AR 7 I il T SRR 1 (8 e K e VR B A e 45
BOAEAR A PRI IR 7 9255 1) A P Lo AEC. 27 4 WY T IR 7 VR RS TR P g > 2

C.2 Consideration of particles larger than 5 ym (macroparticles) — M
descriptor X T-5pmiki+ CRRL) #% E—~MF

C.2.1 Application N

If contamination risks caused by particles larger than 5 ym are to be assessed, sampling devices
andmeasurement procedures appropriate to the specific characteristics of such particles should be
employed.

UP R T EEVPANT R OK T Sum I TORE 5 RS PR e R, IR A 45 3 I SRR AR P ) B2 AT R
e

The measurement of airborne particle concentrations with size distributions having a thresholdsize
between 5 ym and 20 um can be made in any of three defined occupancy states: as-built,
at-restand operational.

RLJEE AESUM AT 20pm 2 [ [R) 23 SRUREI EEMDREAZ S0 A R B2 HASA PIRAS W LAy D =l 232 S
MBNZ .

As particle liberation within the process environment normally dominates the macroparticle fraction
of the airborne patrticle population, the identification of an appropriate sampling device and
measurement procedure should be addressed on an application-specific basis. Factors such as
density, shape, volume and aerodynamic behaviour of the particles need to be taken into account.
Also, it may be necessary to put special emphasis on specific components of the total airborne
population, such as fibres.

H 28 L R ORIRIORE 73 L o 2 e T 9 BRI A UL, DRI I 2 R 52 o .
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PREERA E 1 2 IR ORI R P o X I 225 18 SN, WORTRI I LR, BRI 2SS
NIRRT, ] e 2 0 2 B A R BT T R E By, et

C.2.2 M descriptor format /M{g &=

The M descriptor may be specified as a complement to the air cleanliness class by particle
concentration.

M VAT LA DA SR P RIORE A B SRR 1 22 i O A b 78
The M descriptor is expressed in the format

M5 BRIBIE AN«

“ISO M (a; b); ¢”

WherelL

a is the maximum permitted concentration of macroparticles (expressed as macroparticles per cubic
metre of air);

ase KPR e K S VPR B (GRIR BRSSO B .
b is the equivalent diameter (or diameters) associated with the specified method for measuring
macroparticles (expressed in micrometres);

bR 5 & I RORL I 7 A3 A5 ) B4R CRApm o FA )

c is the specified measurement method.

credi E & 7%

EXAMPLE 1 To express an airborne concentration of 29 particles/m3in the particle size range 25 ym
basedon the use of an LSAPC, the designation would be: “ISO M (29; = 5 ym); LSAPC”.

Bl
KHILSAPC T {EMASRARIE H2 5 um 23 S HP ORI ) A 29457 7K, K& H“ISO M (29; 2 5 pm);
LSAPC’,

EXAMPLE 2 To express an airborne particle concentration of 2 500 particles/m3s in the particle size rangeof >
10 ym based on the use of a time-of-flight aerosol particle counter to determine the aerodynamic diameter
ofthe particles, the designation would be: “ISO M (2 500; = 10 ym); time-of-flight aerosol particle counter”.

112

K RATIE] (TOR) " I BURE v B il 2 S BThE A%, SRR G > 10um 2 U ORI JiE
250047 5K, iR “ISO M (2 500; 2 10 um);  §ATHF A Bk T K s

EXAMPLE 3 To express an airborne particle concentration of 1 000 particles/m3 in the particle size range of10
to 20 ym, based on the use of a cascade impactor followed by microscopic sizing and counting, the

designationwould be: “ISO M (1 000; 10 to 20 ym); cascade impactor followed by microscopic sizing and
counting”.

113

K HH 22 G FURE 28 SR 5 BEA T SORE B AR I A 1450, IAHREAE Y FE 10-20um s = BORE 4209 2 24 1000
AT, FRNISO M (1 000; 10 to 20 pm); 2 G i OFE 25 98 Jm BEA T Rlokn AR I S AT T4
NOTE 1 If the population of airborne particles being sampled contains fibres, they can be accounted for by
supplementing the M descriptor with a separate descriptor for fibres, which has the format “Mfibre(a; b); c”.
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NOTE 2 Suitable methods of test for concentrations of airborne particles larger than 5 ym are given in
IEST-G-CC1003.[2]

VEL W ARHUREAS R R & A AT, T RLEMAE BB T Ab7E, IR AT RS O, RS
RIBANMETYE (a,b) ;¢

T2 1 TP R T Sum ) A URE R IR AN T VA AEIEST-G-CC1003 1 45 Hi .
C.3 Airborne particle count for macroparticles KR YK =S B&FN i

C.3.1 Principle JEN|

This test method describes the measurement of airborne particles with a threshold size larger than
5 um in diameter (macroparticles). The procedure given in C.3 has been adapted from
IEST-GCC1003:1999.[2] Measurements can be made in a cleanroom or clean zone installation in
any of the three designated occupancy states: as-built, at-rest or operational. The measurements
are made to define the concentration of macroparticles, and the principles in 5.1, 5.2 and 5.4 may
be applied. The need for proper sample acquisition and handling to minimize losses of
macropatrticles in the sample handling operations is emphasized.

AR T A8 T RAR KT Sum 22 b s 1 I R 5 VR . AEC. 3P4 IR VAR H
IEST-GCC1003:1999. & JjvAn IAE=FuRES CE2&s S AR PR IE R XS ]
R DA T IR IR PO PR I BRI IR LR, T AR5, 5.2M15. 47 . 225
TR AR it R AR AN A B R R A el D BURE ) PRI 2K

C.3.2 General —f#4E

The number of sampling locations, location selection and quantity of data required should bein
accordance with A.4. The customer and supplier should agree upon the maximum
permittedconcentration of macro-particles, the equivalent diameter of the particles and the
specifiedmeasurement method. Other appropriate methods of equivalent accuracy and which
provide equivalent data may be used by agreement between customer and supplier. If no other
method has been agreedupon, or in case of dispute, the reference method in Annex C should be
used.

WORE RO B o IDURE s (R 228 PR T o 80 (R B8R N AT S AT IR K o 2 P R I s B P — B06 T
RRTOREL PR 5 K SOV, UKL (1) 55 ) TAR N4 5 R 702 e G SR P R B R X7 ()8, P AR
FH e B 46 (R Rt 1 L e S fab 45 R) B30 10 0 24 3L 7 Ve

C.3.3 Sample handling considerations ##5 & B 2% 8

Careful sample collection and handling is required when working with macropatrticles. A complete
discussion of the requirements for systems, which can be used for isokinetic or anisokinetic
sampling and particle transport to the point of measurement, is provided in
IEST-G-CC1003:1999.[2]

FEAEFRRURE IS, Al BRI AL PR3 22 AR /L. FEIEST-G-CC1003:1999 1 45 1 T R GT LK
SEREVTIR, T AT DAFH T A ORI | A5 TR EURE R UR £ 1% 23 £ A
C.3.4 Measurement methods for macroparticles XBUHi &5k

There are two general categories of macroparticle measurement methods. Comparable results may
not be produced if different measurement methods are used. Correlation between different methods
may not be possible for this reason. The methods and particle size information produced by the
various methods is summarized in C.3.4.1 and C.3.4.2.
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RRTORL I 5 77 V5 AR UL 7 P o A SRR IR AN [R] R & 73, W4 SR AT REJEIA BE A . ANIR] 7%
Z B PR DR P ETCVEAR B OCHG o ANIRI IR TV X e 7 v AR IR R AR A BAEC.3.4. L C.3.4. 24T T
;%l\é:l%o
C.3.4.1 In situ measurement JRAZHIRK
Using in situ measurement of the concentration and size of macroparticles with a time-of-flight
particle counter or an LSAPC:

A8 AT I TDRITRE T £ 2 L SAP CHE HL 47 M UL FRIVA JEE AR AR

a) LSAPC measurement (C.4.1.2) will report macroparticles using particle size based upon an
equivalent optical diameter;

LSAPCIlI & J7vk (C.4.1.2) &3E T4 622 AR HPR AR A5 Kok

b) time-of-flight particle size measurement (C.4.1.3) will report macroparticles using particle size
based upon an aerodynamic diameter.

RATHS R AR (C.4.1.3) SRET- 258 )12 BARAE FPRLAE SR 4 45 R AURL o
C.3.4.2 Collection W4

Collection by filtration or inertial effects, followed by microscopic measurement of the number and
size of collected particles:

R UE BB RL N, 0 Wi 1) O RORE AN BOR /N EA T R BURE I

a) filter collection and microscopic measurement (C.4.2.2) will report macroparticles using
particlesize based upon the agreed diameter;

RN B (C.4.2.2) AR i — B AR FREAR R 75 R

b) cascade impactor collection and microscopic measurement (C.4.2.3) will report macroparticles
using particle size based upon the choice of reported particle diameter.

e i URE S R AORBORE I & (C.4.2.3) SRR S RAR LR, AT HREARR S KRR
C.4 Methods for macroparticle measurement XBUhL & 7

C.4.1 Macroparticle measurement without particle collection /N Z R RURL F K FkL
ME

C.4.1.1 Generali@ ]

Macroparticles can be measured without collecting particles from the air. The process involves
optical measurement of the particles suspended in the air. An air sample is moved at a specific flow
rateth rough a LSAPC, which reports either the equivalent optical diameter or the aerodynamic
diameter of the particles.

IR T LAAS 75 A2 R I AR SO RV EA T I o U A 0 255 VR R A T G 2 e — 1
AR DU E B I —ANLSAPC, BAR & AR [ DG HAR,  BORURLI 23 o AR
C.4.1.2 Light-scattering particle counter (LSAPC) measurement JGESHRIF 438 (LSAPC)
WE

Procedures for macroparticle measurement using an LSAPC are the same as those in Annex A for

airborne patrticle count with one exception. The exception is that the LSAPC in this case does not
require sensitivity for detection of particles less than 1 ym since data are required only for
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macroparticle counting. Care is required to ensure that the LSAPC samples directly from the air at
the sampling location. The LSAPC should have a sample flow rate of at least 28,3 I/min and should
be fitted with an inlet probe sized for isokinetic sampling in unidirectional flow zones. In areas where
non-unidirectional flow exists, the LSAPC should be located with the sample inlet facing vertically
upward.

RRE 748 HILSAPCIN 5 (1 75 125 B S A LSAPC ] -3 Ui L 1V B vk —#E, H2—Al
Bb o XA AP LR I LSPACAN T 2B 48 1 um BA KL AR H BE 7, B A kL A v S8
FHE R H7 2 ORLSAPCHE il i IR il LRI . LSAPCHUFEIE S N 22 /15 21 28.3T 1 0Bk, AE
B[ A8 DA IR I e i A7 S5 S FORE E RSk o W RAT AR [ A7 AE N, LSAPCTSCE A B N A 33 1
[EEAENCIN o

A sampling probe should be selected to permit close to isokinetic sampling in areas with
unidirectional flow. If this is not possible, set the sampling probe inlet facing into the predominant
direction of the airflow; in locations where the airflow being sampled is not controlled or predictable
(e.g. nonunidirectional air flow), the inlet of the sampling probe shall be directed vertically upward.
The transit tube from the sampling probe inlet to the LSAPC sensor should be as short as possible.
For sampling of particles larger than and equal to 1 um, the transit tube length should not exceed
the manufacturer's recommended length and diameter, and will typically be no longer than 1 m in
length. Sampling errors due to large particle loss in sampling systems should be minimised.

ERUREIR SR 226 48 VAT 43 B (1) 38 DX A AR DU B T A5 TR o SRAN AT RS, DS BRI Sk 1 D ) <
W7 1) o A RO S ) RN SZ AR BB AT 0, WURE R SR 1 1 W 2 1 1) o ANERRER K
HE I ERE BILSAPCIE N Sk R AL L8 NS w] Refid o A SR BOREIRDRE 1 K T35 1 tum, WAL I B B A
A R HERE K FE A LA, — AR K. AR S b i TR IR R Ge b kL 8k 5 |
R 22

The LSAPC size range settings are established so that only macroparticles are detected. The data
from one size below 5 ym should be recorded to ensure that the concentration of detected particles
below the macroparticle size is not sufficiently high to cause coincidence error in the LSAPC
measurement. The particle concentration in that lower size range, when added to the macroparticle
concentration, should not exceed 50 % of the maximum recommended particle concentration
specified for the LSAPC being used.

LSAPCHLAEYE [ 15 453 T2 S BN HS K RIORE o K T-5um Rz 5~ £ I ic 5% >k LA OR I s Hi R AEG
TR IR R AR PR IR FE AN S i 212 LU EULSAPCII & v P2 AR B AR R 2 H D o AR R AR VI Rl )
RO, B ER R g L, NN I LSAPCAE H T 48 2 11 d5e K USRI A< 5 11150%
C.4.1.3 Time-of-flight particle size measurement “KAT i[RIk 20 E

Macroparticle dimensions can be measured with time-of-flight apparatus. An air sample is drawn
into the apparatus and accelerated by expansion through a nozzle into a partial vacuum, where the
measurement region is located. Any patrticle in that air sample will accelerate to match the air
velocity in the measurement region. The particles’ acceleration rate will vary inversely with mass of
particle.

KRR RO AT DA ] AT I ()2 B R T I . — AN PR S I e B I, e — NI TN Jr) B L
25 (RN X s B KNI o BT XA 25O ity T RO RIORE A 2 i 3k 4 00 DX P 0 T A o 2
UKL N3 3 82 2 MR A RORE £ i ™ A 72 o

The relationship between the air velocity and the particle velocity at the point of measurement can
be used to determine the aerodynamic diameter of the particle. With knowledge of the pressure
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difference between the ambient air and the pressure at the measurement region, the air velocity can
be calculated directly. The particle velocity is measured by the time of flight between two laser
beams. The time-of-flight apparatus should measure aerodynamic diameters of particles up to 20
Mm. Sample acquisition procedures are the same as those required when using a LSAPC to
measure macroparticles. In addition, the same procedures as for the LSAPC are used with this
apparatus in order to establish the particle size ranges to be reported.

2P RROR I A U R TR 9 3R AT DA R SR A s UKL IR 2 B ) )2 AR CLR s R
DI B 22, A B R DAL R SRS o ORI S DR FH A U0 TR T ) AT B T el
T RATIN TA)IN G 25 N AT LI iy iR 20 um RO I 23 U8l 0 5 AR . IURERE > 55 A LS APC I &K
RORLIN Ao BRIGZ AL, AL R SLSAPCAHE, DA F5 2R & R RAR T

C.4.2 Macroparticle measurement with particle collection WEEBURL 5 BE4T BRIl &
C.4.2.1 General JEN]

Macroparticles can be measured by collecting particles from the air. An air sample is transported at
a specific flow rate through a collection device. Microscopic analysis is used to count the collected
particles.

RRORL R DA Ik A A SRR RO I B o 4723 R i AR G (i i — A e e e B AT AR
KRTRL 73 At F R WO AR S A RO A T T4

NOTE The mass of the collected particles can also be determined but since the air cleanliness is determined
by number concentration this is not addressed in this part of ISO 14644.

e WO ORI b ] DAEAT I8, AR e T2 A0 1 A A P AN B0 FER I 2 1, R AR ISO 14644 1) AR 41
WA ATV o
C.4.2.2 Filter collection and microscopic measurement I8 KA R AU 2

Select a membrane filter and a holder or a pre-assembled aerosol monitor; a membrane with pore
size of 2 ym or fewer should be used. Label the filter holder to identify the filter holder location and
installation. Connect the outlet to a vacuum source that will draw air at the required flow rate. If the
sampling location in which macroparticle concentration is to be determined is a unidirectional flow
area, the flow rate should be established to permit isokinetic sampling into the filter holder or
aerosol monitor inlet and the inlet should face into the unidirectional flow.

HePE— MR DE A8 A — DB TR A O B I 2%, AR LA D 2ume SN, K
IR EGRIEATHR U, DA oA B A 22 o 3R H I BIBCos 0 10, 42 il ARkt 22 <o R
ERUREAS, B A ) P R RORE MR B2 A B ) R X3, ORI P A RE W A A AR B AL DB AR A s, BN
IR N, I HE R DG B )RR

Determine the sample volume required by using Formula (C.1).

I~ (C.1) THE TR AR A AR .

Remove the cover from the membrane filter holder or aerosol monitor and store in a clean location.
Sample the air at the sampling locations as determined by agreement between the customer and
supplier. If a portable vacuum pump is used to draw air through the membrane filter, the exhaust
from that pump should be vented outside the clean installation or through a suitable filter. After the
sample collection has been completed, replace the cover on the filter holder or aerosol monitor. The
sample holder should be transported in such a manner that the filter membrane is maintained in a
horizontal position at all times and is not subjected to vibration or shock between the time the
sample is captured and when it is analysed. Count the particles on the filter surface (see ASTM
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F312-08).[3]

MBS 8 2% R 5 2% B R I D2 I 551, TSR Vs A6 B o 7 25 7 AR s — 3350 ) P DR R A o
T S A P2 T e o 4l T I A U, AR R B AN HE RIS v P i A58, slad ik
E gL . AERERER eI T, B SRR A AR B R I A T FE AR EARIR
I, AR — B YERF A E, AR T N AN RE R B aldE 5 . Ak yERR R PRI 1EAT
4. (ZWASTM F312-08)

C.4.2.3 Cascade impactor collection and measurement Z& Bk BUE RN &

In a cascade impactor particle separation is carried out by inertial impaction of particles. The
sampled airflow passes through a series of jets of decreasing orifice size. The larger particles are
deposited directly below the largest orifices and smaller particles are deposited at each successive
stage of the impactor. The aerodynamic diameter correlates directly with the regional collection of
particles in the impactor flow path.

FEGRIBC P s, UL ) B9 H RORL Y B R R o R il
R IIURLAE S KL B AR B, 5N PR s DU/ o i 38 119 3%
T St A ) R A L PR DX S ORI B R AH SR I

For the measurement of the air cleanliness by particle concentration a type of cascade impactor
meant for collection and counting of macroparticles can be used. In this one the particles are
deposited upon the surfaces of removable plates that are removed for subsequent microscopic
examination. Sampling flow rates of 0,47 litres/sec or more are typically used for this type of
cascade impactor.

TSR FPRE IR BEAHEAT 25 v BE R 1), AT DU — b 0k o 8 FH T UKL AR EORE AN T B 72
SE G, RURLAE nl B 3l (it TR BEA T AL B, SRR B T2 R KRR R o SR b o 28—
FECALE FH (R IBORE U T 0 0.47 THIFR B 1o o

2

Wil — RN AR TR -« L
S NEE SIS N W DAL A E K Ges]

C.5 Procedure for macroparticle count KR tHEEFP

Determine the “ISO M (a; b); ¢” descriptor concentration in the selected particle size range(s), as
agreed between customer and supplier, and report the data.

AR 2 ANENY: Fg 2 (8] P Ry — SR P RiAR v [, SISO M (ab) |, cfE EIRIL, Rt Hi .

At each sampling location, sample a volume of air sufficient to detect a minimum of 20 particles for
the selected particle size at the determined concentration limit.

FEREANIORE s, B @ AR A, ORAUIE G UG I S5 P 103k P B JEE i ki A e /b 20 AMKET
The single sample volume, Vs, per sampling location is determined by using Formula (C.1):
BAFERAARL, Vs, BEARE SRR BL R 23 0 (C.D) -

20
VS=[ ]XlOOO (C.D)
Cn,m
Where Hrp
Vs is the minimum single sample volume per Vs BRI dR DN FRANFE SRR, IR T

location, expressed in litres (except see D.4.2); (142 W.D.4.2)

Cn,mis the class limit (number of particles per Cn,m SEAHR N 48 R 1175 TE IR e K RLAE )
cubic metre) for the largest considered particle | 5B FRE CRET 7K 48 0] kL N0
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size specified for the relevant class;

20 is the number of particles that could be 20 TR TR BEAR RGO FR BE I, W BATE
counted if the particle concentration were at the | &tk F4E
class limit.

Where information on the stability of macroparticle concentration is required, make three or more
measurements at selected locations at time intervals agreed between customer and supplier.

I R RO P (AR MR B, DB R 2 P R 7 s 2 T ol vy — S50 I T PRI G, 328 5 PR 1
BEAT = IR 22
Set up the sample inlet probe of the selected apparatus and undertake the test.

WAL P SeAES IR RE LSk, HEAT I
C.6 Test reports for macroparticle sampling KBURLEUEE R HR &

The following test information and data should be recorded:
DA A SR s A T 0 %
a) definition of the particle sizes to which the apparatus responds;
SR W 2 AR REA R E
b) measurement method;
i WIRES
c) method of measurement of M descriptor level or limit as an adjunct to the ISO Class;
MM SR 7K~ i B 07524 A SO G i B AF
d) type designations of each measurement instrument and apparatus used and its calibration
status;
JIT PRy A A DN S 28 R 2 T 2R A B IR A
e) ISO Class of the installation;
Wt SOZ ]
f) macroparticle size range(s) and the counts for each size range reported;
DRBUREAREAE Y [ AN B4R a5 (8 A WA v 1R A0 11 2
g) apparatus inlet sample flow rate and flow rate through sensing volume;
ASCERE FRE i TR I8 T 7 A R Py e ek
h) sampling location(s);
BUREA
i) sampling schedule plan for classification or sampling protocol plan for testing;
3 | BRORE TSl sl UK AR R T %6
j) occupancy state(s);
MRAPIRES
k) other relevant data for measurement such as stability of macroparticle concentration.
SLCEAHSRIN B, ) G IORORE IR 2 () B 1
C.7 Adaptation of the macroparticle descriptor to accommodate consideration
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of 2 5 ym particle size for ISO Class 5 cleanrooms

ISO54 i 1H 2= B2 5 umBL 2 i KBk E B Fik

In order to express an airborne concentration of 29 particles/m3 in the particle size range 2 5 ym
based on the use of an LSAPC, the designation would be “ISO M (29; 2 5 uym); LSAPC” and for 20
particle/m3the designation would be “ISO M (20; = 5 um); LSAPC” (see Table 1, Note f).
KHILSAPC %, RARYL N 25 um, 433U &b 7l B M 29S0Tk, 4x3kik y“1SO
M(29, =5pum); LSAPC”, Uik A2040 7K, WA A“1SO M(20; 25 pm); LSAPC” (2
WKL, FERD .
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Annex D Fff3xD
(informative) 1V fit&%

Sequential sampling procedure

PP RAF 1

D.1 Background and limitations &5 f1 /)5 R4

D.1.1 Background 5

In some circumstances where it is necessary or required to classify a clean controlled environment
with a very low particle concentration at the class limit, sequential sampling is a useful technique
that allows reduction of the sample volume and sampling time. The sequential sampling technique
measures the rate of counting and predicts the likelihood of passing or failing to meet the
requirements of the 1ISO Class. If the air being sampled is significantly more or significantly less
contaminated than the specified class concentration limit for the considered particle size, use of the
sequential sampling procedure can reduce sample volumes and sampling times, often dramatically.

TEAEEIETEN, A RAT b S a SSRGS KL IR P AR AR B 32 4280 1 A B8 8 SUAEAZ R R R
FEAE b, R REEE AR T, AT LAy D RAE R ARFEIS (0] 5 BRI BRI 1
SV, ETINAT B ISOLU EER W RENE o 7 RAFEI A 275 YR L B35 KT 5
TG FERIAT A RLAE G S8 WSt PGP EUARE A2 e T DL S 5% b BRORE AR R BB IS
Some savings may also to be realized when the concentration is near the specified limit. Sequential
sampling is most appropriate for air cleanliness of ISO Class 4 or cleaner. It may also be used for

other classes when the limit for the chosen patrticle size is low. In that case, the required sample
volume maybe too high for detecting 20 expected counts.

LR TR I, TR RRBL o B ISOA B I A T
dpc 38 FH T HORE 7 R MR R o S de RORIAR PR PEARAIG, XM ikl mT LU - e i i
ol EMIEOLT, R A 20/ WU IR THEON B @ R AT e 2 K

NOTE For further information on sequential sampling, see IEST-G-CC10044] or JIS B 9920:2002.[5]

0 AR KAL) 5k, WIEST-G-CC 1004[3].

D.1.2 Limitations 5 BR 1

The principal limitations of sequential sampling are

Gy B V2 3 Ry PR A

a) the procedure is only applicable when expected counts from a single sample are < 20 for the
largest particle size (see A.4.4),

5 A P - BRSO REAR B TIUN T EU (B <201 (ZHA4.4) .

b) each sample measurement requires supplementary monitoring and data analysis, which can be
facilitated through computerised automation, and

BREUCRAE U 2 SR B s DA s o0 b, T USRI B 3hidt AT .
c) particle concentrations are not determined as precisely as with conventional sampling
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procedures due to the reduced sample volume.

T80 T SRFE R, RV RE PR o AN G R RAE V2R 1
D.2 Basis for the procedure i/ RkE%

The procedure is based on comparison of real-time cumulative particle counts to reference
countvalues. Reference values are derived from formulae for upper- and lower-limit boundaries:

W7 VEFE T S B UH U S VMBI . S HUE sk BN BRI A4
upper limit; Cfail= 3,96 + 1,03 E (D.1)

T FR{: C=3.96+1.03E (D.1)

lower limit: Cpass= 3,96 + 1,03 E (D.2)

FFR{E: C=-3.96+1.03E (D.2)

where A,

Cfail is the upper limit for the observed count; Cfail g M2 3T B i B e PR B
Cpass is the lower limit for the observed count;  Cpass 4 M %< $1 i+ H i i) e I R &

E is the expected count (shown by Formula E WIS EE (A (D.5) BoR, e
(D.5), the class limit). 19

According to Formula (A.2), the single sample volume, Vs, is calculated as follows:

WIE A (A2) , BAFEMERL, Vs, THEATE:

Vs = (CZO ) x 1000 (D.3)
where Hrp
Vs is the minimum single sample volume per location, Vsis F55E RS S BN RN FE AR,
expressed in litres; PALT T
Cn,mis the class limit (number of particles per cubic Cn,m FEAH IR B 5 L& TR AR 111

metre) for the considered particle size specified for the GNP EE CRESL T K BIRL AN E50
relevant class;

20 is the defined number of particles that could be 20 U LR TV I p A -2 5l B pi
counted if the particle concentration were at the class (5, AT LB SR AN
limit.

The total sampling time ttis calculated as follows:

Sl A BRI PR) bt B3R
Vs
ty = — D.4
t =7 (D.4)
where Hrp
Vs is the accumulative sample volume (litres):; Vs 2fs BiFE iR O
Q s the sampling flow rate of the particle counter Q IR T UHEAs IR RE (THARD
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(litres/s).

The expected count is defined as follows:

T BfE s Sk -

txC
E = & (D.5)
1000
where o
t is sampling time (in seconds). t R FRHOREI ] CILp7 e B2

To aid in understanding, a graphical illustration of the sequential sampling procedure is provided in
Figure D.1. As air is being sampled at each designated sampling location, the running total particle
count is continuously compared to the expected count for the proportion of the prescribed total
volume that has been sampled. If the running total count is less than the lower limit Cpass
corresponding to the expected count, the air being sampled is found to meet the specified class or
concentration limit, and sampling is halted.

AR, AEED.IRa T MR BIIRRU BERE R . AEREN R E IR AL B T IO,
AR IPRL TSR RRES O SRR TV SRR BE AT LA I RS P N T 2K
{EPTXS KT FRCpass, W75 TR s BRI E 0 5 45 I R I G0 sk RS, ORE4S 1k

If the running count exceeds the upper limit Ctail corresponding to the expected count, the air being
sampled fails to meet the specified class or concentration limit, and sampling is halted. As long as
the running count remains between the upper and lower limits, sampling continues until the
observed count becomes 20 or the cumulative sample volume, V, becomes equal to the minimum
single sample volume, Vs, where the expected count becomes 20.

WIS S EUEE SR v BB BRAE CRail, DB SORE S AN S BRI 9 0 B B BRAEL,  HURE 452 11
HNEESPHUE AR LR T RRME 2 0], HURE sl R 2 o 2 2 0 VU A8 1 2088 R e
BV, ZET A E/NIERARL, Vs, XEFPTESR I THEE 20,

In Figure D.1, the number of observed counts, C, is plotted versus the expected count, E, until
either the sampling is halted or the count reaches 20.

DIEID.1r, MR THEUE, C, XESKRETHEE, EFE, BRI Eet 208 2120,
D.3 Procedure for sampling BUEREF

Figure D.1 illustrates the boundaries established in Formulae (D.1) and (D.2), as truncated by the
limitations of E = 20, representing the time required to collect a full sample, and C = 20, the
maximum observed count allowed.

K D.1H Bl TAK (D.1) FM(D.2)Frd ria F iR, 4 E=20 AFRAE#E, (R TIRERSCHEREah
EPTH AT, C=20 W RV WM.
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1 stop counting, FAIL (C = 3,96 + 1,03E) 1 bt AEATRTS (C23.96+1.03E)
2 continuous counting 2 JydkEET L
3 stop counting, PASS (C < -3,96 + 1,03E) 3 Mt s, HESS (C=-3.96+1.03E)

Figure D.1 — Boundaries for pass or fail by the sequential sampling procedure
&ID.1---- PR A 5 A A% BT 7 2k

The observed count is plotted versus the expected count for air having a particle concentration
precisely at the specified class level. The passage of time corresponds to increasing numbers of
expected counts, with E = 20 representing the time required to accumulate a full sample volume if
the particle concentration were at the class limit.
BEXPRE IR L IR LF AL T8 E BT I3 A0IRAES M S 3 (1) VOB SR I T BUE T T 22 K
IS B) BT I (1) S R S 9 0 () 2K v B, S E=20 AR IR IR FE IELF AR SO FRFE I, SRR e 4
HOREAAR R 2K 1]
The procedure for sequential sampling using Figure D.1 is as follows:
5 FH V&1 D LIS PP B V20 SR 11
1) record the total number of particles counted as a function of time;

SR TR 5~ S8, A D I T e 2
2) calculate the expected count following the procedure described in D.2, Formula (D.5);

D2 ik i e M A (D5, THEELRI T U
3) plot the total count versus the expected count as in Figure D.1;

W B VHEUEDN % KD 145 21 R SR T E B A K
4) compare the count with the upper and lower limit lines of Figure D.1;

W B S D L g e M (IR S AT LA
5) if the cumulative observed count crosses the upper line, sampling at the location is stopped and
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the air is reported to have failed compliance with the specified class limit;
IR R R 70 ERRE, W (XA B, R AL E A 22 R
Il B sk

6) if the cumulative observed count crosses the lower line, sampling is stopped and the air passes
compliance with the specified class limit;

RSB RV U o P RRER, WS B XZA B HORE, A 2R S TR 58 900 IR 2R

7) if the cumulative observed count remains between the upper and lower lines, sampling will
continue.

USROS 2 10 R B R AE L FRAT N PRZe 2 1], ZREEHUR:

If the total count is 20 or fewer at the end of the prescribed sampling period and has not crossed the
upper line, the air is judged to have complied with the class limit.

ULERAE P (ORI I G5 RN, ST 0 20808 A%, JF e o id BRRE, AE
B

A G TR E MK

BT A0

D.4 Examples of sequential sampling iR EEE41

D.4.1 Example 1 #l1

a) Evaluation of a clean room with a target air cleanliness of ISO Class 3 (0,1um, 1 000 particles/m3)
by the sequential sampling procedure. This procedure looks at the rate of count and seeks to
predict likely pass or fail.

SRR NP3 WU PP — N0t 14 ) 2
THRGE A 2R T RE S

NOTE The sampling flow rate of particle counter is 0,0283 m3/min (28,3 I/min or 0,47 I/s).

e R TS I ORE U 4.0.028357 75 K 43 Bl (28.3TH 43 41ak0.47THFR)

b) Preparation before measurement — method for calculation of limit values.

1D 5t 2 T R 2% - R BE AR o S 0705

Table D.1 shows the calculation result. First, the expected count is calculated based on

samplingtime. Next, the upper reference count and the lower reference count are calculated by
usingFormulae (D.1) and (D.2), or Figure D.1.

RDLE/RHRE AR Ho, RGP [ T ORI THEE . )5, R4 (D.1D A1 (D.2)
oKD 13T 2 AT BN B R RR.

Table D.1 — Calculation tabulation of the upper and lower reference count
*® D.1— ERA MRS E IR

TG E1SO 32%(0,1um, 1 000 ANALTTK) . 7 VAR

Upper limit for | Lower limit for
Sampling time | Total sampled Expected count the observed | the observed
(s) air volume Py count count
Measurement HURE IS ] MERE AR | Y WM HE M L | M HEN T
period FRAE FRAE
WHEF B According to
¢ Liter Formula (D.5) Cfail = Cpass=
It W4~ (D.5) | 3.96+1.03E -3.96+1.03E
5
1% 5 2.4 2.4 7 (6.4) N.A. (-1.5)
2" 10 4.7 47 9 (8.8) 0(0.9)
3" 15 7.1 7.1 12 (11.2) 3(3.3)
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4" 20 9.4 9.4 14 (13.7) 5 (5.8)
5" 25 11.8 11.8 17 (16.1) 8(8.2)
6" 30 14.2 14.2 19 (18.5) 10 (10.6)
7" 35 16.5 16.5 20 (21.0) 13 (13.0)
8" 40 18.9 18.9 20 (23.4) 15 (15.5)
9" 45 21.2 21.2 21 20

NOTE The numeric value in parentheses shows the result of calculation of the upper and lower limits for the
observed count to one decimal place. However, as the actual data are integer values, each calculated value is
handled at the time of evaluation as the integer value shown.

e 3T BEE ORI WS B B FIRETH AR, B R A (R, TSR B R R, KRR
SLAEAE VPG IS A8 T o R HE R AT

The upper limit for the observed count is rounded up to the first decimal place of calculated value.

METHEE I E BRI R A R AR N

The lower limit for the observed count is rounded down to the first decimal place of calculated value.

MEEHEE T BB T 4 R T4 25N

When Cpass calculated according to Formula (D.2) is negative, it is denoted by ‘N.A.’ (not applicable). In this case, we
cannot conclude that the air cleanliness satisfies the target ISO Class, even if the observed count is zero
WARMRYE A (D.2) HHEAFEIN Cpass (HAMEL AR NA" CNEH]D . Boi,  JATA BRI S8 Ui 7 Wk 1
JEE A H BRIV 1SO ZONZR, RIS RINE 2%,

c) Evaluation using sequential sampling procedure. 1% JH il & R RERLRE (I PEAL

The expected count provided in the first measurement is 2.4; it is judged to “FAIL” when the
observed count is greater or equal to 7. However, when the observed count during this sampling
period is between 0 and 6, the result cannot be judged. In this case, sampling is continued. When
sampling is continued, the cumulative observed count may increase. Sampling is continued until
either the prescribed single sample volume is achieved or the observed count has crossed one of
the lines for Cpass or Crail, respectively. If the cumulative observed count is 20 or fewer at the end of
the prescribed sampling period and has not crossed the upper line, the air cleanliness classification
is judged to “PASS”. If the cumulative observed count is less than or equal to the rounded down
values for Cpass before achieving the full sampling period, the sampling is stopped and the
classification is judged to “PASS”.

FEER— NI B B 45 ISR VU A 2.4, A RSB v B T 45 T 7 R0, WAL E A A G4%
H2,  WARAEIXA BRI B T EUE AN T0-6 2 18], &5 RITVEMH FE . Shi, EEARSEHURE .
HIFEARELIY, RS e BORERFEE H 2 S A R RRIE B (L, s M RN T 4L
HF AL BN 2o WERBURERY BEE AN, 2NV EUE h 208 AR, JF HBcf ol B IR,
WA E DR E N AR o WERAEIE B R Be 2 1y, RO K/ 155 T-Cpasslt
W NMEAME, B LR, A S RN AR,

D.4.2 Example 2 #1]2

Evaluation of a cleanroom with a target air cleanliness of ISO Class 3 (0,5um, 35 particles/m3) by
the sequential sampling procedure. The sampling flow rate of the particle counter (Q) is 0.0283
ma3/min = 0.47 I/s.

KU BUREEDEAL — AN RS A5 R SBR[ 23 S 0519 21S0 32 (0,5um, 35 AN k) o ki f
THEES (Q) MHUFEVE 4 0.028357 )7 K143 41=0.47 THFD o

Calculate the single sample volume, Vs, according to Formula (D.3)

WA (D.3) WHERAAFEMAERL, Vs

20 20
Vs = < ) X 1000 = — x 1000 = 571,429 litres (D.6)
Com 35

Calculate the total sampling time, t;, according to Formula (D.4). this is the longest time necessary
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to evaluate the sampling location. The sequential sampling procedure should shorten this time.
WA~ (D4 TS HRERNTE], t, XIS PPAS IR ST (0 S W HDORE I 8] o P> BRI W 4 R
Hﬂ_]‘Eﬂo
Vs :
ty = 5 = 1211.55 = 20.19 min (D.7)

Calculate the result table: 114745 %%

1) calculate the expected count, E, according to Formula (D.5):

WAE L~ (D.5) I, E

QO XtXCym

1000 b.8)

2) calculate the upper and lower limit for the observed count according to Formula (D.1) and (D.2);
R AKX (D1 M (D.2) WHHEWEBTHEALN IR

3) the calculation result is shown in Table D.2 and Figure D.2.
TSR BoRERD.2AED. .2
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Table D.2 --- Calculation result of the total sample air volume, expected count, upper limit and lower limit

t (min) t(s) Total sampled Expected Limits B2 &

IF] (o34 i) (F2) air volume, count Upper, Cfail | Lower, Cpass

SRR BRI PR PR
QXt E

1 60 28.3 1.0 5 (5,0) N.A. (-2,9)

2 120 56.6 2.0 7 (6,0) N.A. (-1,9)

3 180 84.9 3.0 8(7,0) N.A.(-0,9)

4 240 113.2 4.0 9 (8,0) 0(0,1)

5 300 1415 5.0 10 (9,1) 1(1,1)

6 360 169.8 5.9 11 (10,1) 2(2,2)

7 420 198.1 6.9 12 (11,1) 3(3,2)

8 480 226.4 7.9 13 (12,1) 4 (4,2)

9 540 2547 8.9 14 (13,1) 5 (5,2)

10 600 283.0 9.9 15 (14,2) 6(6,2)

11 660 311.3 10.9 16 (15,2) 7(7.3)

12 720 2296 11.9 17 (16,2) 8(8,3)

13 780 267.9 12.9 18 (17.,2) 9(9,3)

14 840 296.2 13.9 19 (18,2) 10 (10,3)

15 900 424.5 14.9 20 (19,3) 11 (11,3)

16 960 452.8 15.8 20 (20,3) 12 (12,4)

17 1,020 281.1 16.8 20 (21,3) 13 (13,4)

18 1,080 509.4 178 20 (22,3) 14 (14,4)

19 1,140 537.7 18.8 20 (23,3) 15 (15,4)

20 1,200 566.0 198 20 (24,4) 16 (16,4)

20,19=tt 1,211.5 571429 = Vs 20 21 20

In Figure D.2 the upper and lower limits for the observed count are plotted versus the count acquisition
time. Each vertical bar shows the limits (upper and lower) at 1-min intervals.

FEKIAE D2, WSV EUEL AR b FRORTT RO TS50 ot I ] e ] o A3 AR 458 s PR 1 23l (] W) o
R CERRAIRRR D,
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KEY

i
° 8

X Count time (min)

Y  Count limits (particles)

B upper limit for the observed count

[ lower limit for the observed count

& D.2--- P Bk AT AN 3 S 2 B s

ok

SRR

X EUN TR (o3

18

w0

Y AR ChL 30
WO SHAE ) PR
O WETHEAER TR

Figure D.2---Graphical representation of the pass or fail boundaries for sequential sampling

L5

1

Compare the cumulative observed count and the upper and lower limits and apply the procedure

described in D.3.

AL RS (i S ERRRT T FRAE

a) Fall situation see Table D.3 A& &5 2 L% D.3
T(min)| T(s) | Expected | Limits for the cumulative Observed Cumulative | Result
i ] If[E) | count, E | observed count count during observed gEIR
M | Gy | BRI | BT RR interval count, C
E Upper, Lower, R P | RS
Cfail Cpass % THUE
R R
1 60 1.0 5 NA 2 2 Continue 44
2 120 2.0 7 NA 3 5 Continue 44
3 180 3.0 8 NA 1 6 Continue 448
4 240 4.0 9 0 0 6 Continue 4k4k:
5 300 5.0 10 1 5 11 FAIL &k

Table D.3 ---Example sequential sampling particle counts
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% D.3--- 7 R E s 4

The expected count provided in the first measurement is 1,0; the cumulative observed count is
judged to “FAIL” when it is greater than or equal to 5. However, when the cumulative observed
count is between 0 and 5, it cannot be judged. In the present example, the sampling has to be
continued. When the sampling is continued, the cumulative observed count increases. However, it
is easy to judge because both the expected count and the reference count increase. In the
5"measurement (t = 300 s), the cumulative observed count is 11 and exceeds the upper limit (10).
Then it is judged to “FAIL.”

LR — R 2 T EE O 1.0: RV LSTHEUME R T 15, WPAE B A EHE7. (H, R
SIS EE0-52 1], WIANBEM FIE . AEgs B 5~ 0L, DAJRAREEIRE . WURGREEURE S, R
TSV AE R I (ESESIIE (t=300F8) , Sl Mg HCh 1L, Mk LRy (100
I ) 5 AN A

b) Pass situation see Table D.4 &% 2 L% D.4

Table D.4 ---Example sequential sampling particle counts

R D.4---- W3 RAEERL T o 2541

T (min) | T(s) Expected Limits for the cumulative | Observed | Cumulative | Result
INffa) (3 | INFIH] count, E observed count it | count observed | 4t
B Fb) | BRITHE | 23R s qmml ??2%m

E Upper F[E, | Lower interva SUPBLET

il i T
Cpass KB
e

1 60 1.0 5 NA 0 0 Continue 44k
2 120 2.0 7 NA 0 0 Continue 4k4E
3 180 3.0 8 NA 0 0 Continue k48
4 240 4.0 9 0 0 0 PASS 414

The expected count provided in the first measurement is 1,0, the cumulative observed count is
judged to “FAIL” when it is greater than or equal to 5. However, when the observed count is
between0 and 5, it cannot be judged. In the present example, the sampling is continued, but the
cumulative observed count does not increase. In the 4th measurement (t = 240 s), the cumulative
observed count is 0 and is equal to the lower limit (0). Then it is judged to “PASS.”

FEER — NIRRT BCESR VU 1.0, BT B I R K T4 T 5, WEAE A A G HE,
AR HAEAE 0-5 2 18], WITCIEAE . FEABIF, ZREEBOE, (B RV EE PR . 7228
ANDEBTBN (12240 #) , FPWIMTHEEN 0, A& TR (0) o KIHFIE A G
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Annex E Ffi3XE
(informative) 1V fit&%

Specification of intermediate decimal cleanliness classes and

particle size thresholds

HH 18] V25 2 R AR AL AR B
E.1 Intermediate decimal cleanliness classes
E. 1 FRIEH#SH]

If intermediate decimal cleanliness classes are required, Table E.1 should be used.
W A AL el o], VAR FHRE. 1,

Table E.1 provides the permitted intermediate decimal air cleanliness classes. Uncertainties
associated with particle measurement make increments of less than 0,5 inappropriate, and the
notes beneath the table identify restrictions due to sampling and particle collection limitations.
REAG M T VRIS G0 o 5P b B AN B/ 0.5 B R AVE 2. & TR
PR T T EURE FRORL AR PR Jrg B 2y SR e B

Table E.1 — Intermediate decimal air cleanliness classes by particle concentration

RE. 1R BERI 23 (v TR 22 S v 4

Concentration of particles (particles /m3) a ¥ FIRE (ANALJTHK)
IOS Class number (N)
ISO 2517 (N) 0.1 0.2 0.3 0.4 0.5 5.0
ISO Class 1.5 [32]b d d d d e
ISO Class 2.5 316 [75]b [32]b d d e
ISO Class 3.5 3,160 748 322 111 d e
ISO Class 4.5 31,600 7,480 3,220 1,110 263 e
ISO Class 5.5 316,000 74,800 32,200 11,100 2,630 e
ISO Class 6.5 3,160,000 748,000 322,000 111,000 26,300 925
ISO Class 7.5 c C C 1,110,000 263,000 9,250
ISO Class 8.5 f [ C c 11,100,000 2,630,000 92,500
a. All concentrations in the table are cumulative, e.g. for ISO Class 5,5, the 11 100 particles shown at 0,5 pm

include all particles equal to and greater than this size.
TER T AR IER 0 BBURIE, W1, 1SOH5.54%, 7£0.5 pmi En11,100/ 0T, A4 T KT R T IR
JZIR SR DA R

b. These concentrations will lead to large air sample volumes for classification. See Annex D, Sequential
sampling procedure.
IR 2 AHAF IO VAR BUR K. 2 W RD, WP HORE I

c.  Concentration limits are not applicable in this region of the table due to very high particle concentration.
TR R AR e, IR B AN TG H 13 b B X ek

d. Sampling and statistical limitations for particles in low concentrations make classification inappropriate.
FEARAREIS , IORERGE T2 Ja) BRATAS 73 AT ANa 24

e. Sample collection limitations for both particles in low concentrations and sizes greater than 1 ym make
classification inappropriate, due to potential particle losses in the sampling system.
TR R GE T REnRL 1~ 0k, ARG R R T 1umitS,  #E 5 RAE SR RS 20 20 A 2.

f.  This class is only applicable for the in-operation state.

A GE T8
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If intermediate particle sizes are required for any integer or decimal class, Formula (E.1) may be
used to determine the maximum particle concentration at the considered particle size:

W RAT AT A P R B O A P kAR, WTRME A (B SRUFE T 8 BORAR B

KWL TR

Cn = 10" x (g)z'08

(E.1)

where

Chnis the maximum permitted concentration
(particles per cubic metre) of airborne particles
that are equal to and greater than the
considered particle size. Cnis rounded to the
nearest whole number, using no more than three
significant figures;

N is the ISO Class number, which shall not
exceed a value of 9 or be less than 1;

D is the considered particle size, in micrometres,
that is not listed in Table 1;

K is a constant, 0,1, expressed in micrometres.

Horp

Cn 2 KA T EH IR RAR I 2 VR TR 11
RAVFIREE (MALTTKD o CniB 2 s (4L,
RIF A RALEA KT =4z

N SZISOZI, AN K Tomi/hT1;

D 5 EIIkRIAR, PALROK, ERLIF AR,

K h#%0.1, HAmek
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Annex F fFF
(informative) 1V fit=%
Test instruments JR{Y 38

F.1 Introduction A&

This annex describes the measuring apparatus that should be used for the recommended tests
given in Annexes A, C and D.

AP s AR T B AL CRIDH & HE AR B rh B A5 R0 A A4
In this annex, data given in Tables F.1 and F.2 indicate the minimum necessary requirements for

each item of apparatus. Measuring apparatus should be chosen subject to agreement between the
customer and supplier.

TEAB s, FERF.AME. 270 25 H s R s R A 25 T H P Bk 2 AR EESK . 2% ) A R g B
S A PRI IR il — 2

This annex is informative, and should not prevent the use of improved apparatus as it becomes
available.

MRS, RS AR R A, A I AR EEEAE

Alternative test apparatus may be appropriate and may be used subject to agreement between
customer and supplier.

AT U e 28 2 AR 2 115 Bl — BRI B R AR
F.2 Instrument specifications {X#$t5HE

The following instruments should be used for the recommended tests given in Annexes A, C and D:
BEskAL CHRID 45t A SOl A B s
a) light scattering (discrete) airborne particle counter (LSAPC);
DGR (ANIEZL) AR IS (LSAPC)
NOTE The specifications for the LSAPC are given in ISO 21501-4:2007.[1]
: 1SO 21501-4:2007 45 ! T LSAPCIIbxifE.
b) discrete-macroparticle counter;
AESIPRL T 2
c) time-of-flight particle sizing apparatus;
AT I TRPRLAT I A
d) microscopic measurement of particles collected on filter paper. See ASTM F312-8.[3]
KT ACR A kL1 1) WAl i, 2 WLASTM F312-8.
The terms and definitions for these instruments are given in Clause 3.
HIF g T IR AR ARTE R E o
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Table F.1 — Specifications for discrete-macroparticle counter

R F.L---NESKTRTH A8 KinvE

ltem TiH Specification #r#E

Measuring limits The minimum detectable size should be in the range 5 to 80 um and
be appropriate for the particle size under consideration and the
instrument capability. The maximum particle number concentration
of the LSAPC should be equal to or higher than maximum expected
concentration for the particles under consideration

I R /R Y RLAR N A 5-80um, L5 T 2% & (RLARFIA AR BE ) AH 24 . LSAPC
P e RO~ B30 88 K B 85 i 2% A1 ) e K TR 5

Resolution 20 % for calibration particles of a size specified by the manufacturer

A ES PR R E BLAR AR IR 1 £ 1K120%

Maximum permissible 20 % for particle count at a specified size setting

error

R VPR i E PRAR B E TR TR 20%

Table F.2 — Specifications for time-of-flight particle sizing apparatus

RFo 2---- KATH TAPRLAR I RE (S

Item JiH Specification 4%

Measuring limits Particle size 0,5 to 20 um; Particle concentration 1,0 x 103/m3to 1,0
x 108/m3

T PR Fi4£0.5-20 um, i1 JE1.0X103/37 )7 K 45 1.0X108/7 7 K

Resolution aerodynamic diameter: 0,02 ym at 1,0 ym; 0,03 ym at 10 um

Iy 238 )15 HA4£1.0140.02 um, 10 pmitf0.03 pm

Maximum permissible 10 % of full reading

error

B K SCVFRZE AT 52 4010%
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