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Foreword

F

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

E iR E AR R E SR AN (B MR E AR St RS S, REEMMTEN TIREEE
S EFMTENARKARZRZHIT. 8— TP EBRIKAZZSHNEFABHBI N ZHEEIRE
ZERZPEAR, EfFEAR, BRMIEBNALSR, SERNENAREKSE, BS5XBTIE EfFtn
BEWARSERETERREMEETVELRE EZTE7F

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).

EfnENAR/ERRETEZRAESE 1 B0 T AFREIAXGNERFURATH-—SHEIFNER,
1308, NMESAEREMNEMTECARX RN ARMENE, AX G2 REEFMTELEAR/E
FREELER RS H S0 mERNEER,

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).

RIFEIEAXHHNREAB AR ZEFNNET, EFfENARTHTIRAERSFRE LT R,
EX M REIIIEPHRERNERZARBATEES SH/RREIRERRMTE AR ZF ERBEH (I

www.iso.org/patents)s

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

AXHREANEAERIFBEN T HERFMERENESR, HAFAHURE

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see
www.iso .org/iso/foreword.html.

ﬁ KA B M BBIAERE. ’5A%ﬁm*ﬁ%ﬁ’]II‘T’FT/&ﬂSiH_,\Eﬁt?kl%*ﬂi\%n_ﬂ’] B X, UREFRRAENL
HAE (KAMERZERZ) PETHARZARHRAR)RNNESR, FHSM. org/iso/

foreword.html,



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

X HRERERALR/TC 209 CEREMBXZITIFR) HEo

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

KT AXERER RGP EEBNER LA AP NERLENE, XEFANTEBRAIUE

www.iso.org/members.html. % E|

This second edition of ISO 14644-3 cancels and replaces the first edition (ISO 14644-3:2005),
which has been technically revised.The main changes compared to the previous edition are as
follows:

BV EFFRER AR 14644-3 BUBHENA T E—hR(EFFMRENRAHLR 14644-3:2005), FEEZIRK
ANEIT. SRI—hrAHELL, EEZHIT:

— ClauseB.7 has been simplified and corrected to address concerns over its complexity and noted
errors;

—E 7 FEREUNELE, LIRRNHEHSZMNBEMIEIERINER;

— guidance concerning classification of air cleanliness by airborne particle concentration has been
moved to 14644-1[]

—IRIETSHPTRCRENTEEEHITHENIEREEBLE 14644-1[]

— the text of the whole document has been revised or clarified to aid in application.
—BINNHNXAEEIEITHEE, UBBFNA,

A list of all parts in the ISO 14644 series can be found on the ISO website.

£ EPRRE AR MG L AT LR E FRn AR 14644 RYIFFIEZHRYE S,

T o s EEEY) 39 9 97 T 99 95 5 9y T
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Introduction

TR

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

ERENEXRERRR S REREE S el s REBERIRK T, RaTERsRIEFN~RNIZ
BEMEMR. MEF. f8. BrgE. ErRENRmFTULN~aiIZ,

This document sets out appropriate test methods for measuring the performance of a cleanroom, a
clean zone or an associated controlled environment, including separative devices and controlled
zones, together with all associated structures, air treatment systems, services and utilities.

AXHMET VETHE. FHEXFEXRZIEMR(EEIBRENZIEX, UNFRERAXENR. =S4
BRY. RSMARIRN)ERERE ST %,

NOTE Not all cleanroom parameter test procedures are shown in this document.The procedure and
apparatus for the test carried out for the air cleanliness classes by particle concentration and for
macroparticles are provided in ISO 14644-1,[] and specifications for monitoring air cleanliness by
nanoscale particle concentrations are provided in ISO 14644-12.[] The procedures and apparatus to
characterize other parameters, of concern in cleanrooms and clean zones used for specific products
or processes, are discussed elsewhere in other documents prepared by ISO/TC 209 [for example,
procedures for control and measurement of viable materials (ISO 14698 series), testing cleanroom
functionality (ISO 14644-4[]), and testing of separative devices (ISO 14644-7[])].In addition, other
standards can be considered to be applicable.Other cleanliness attribute levels can be determined
using ISO 14644-8[] (levels of air cleanliness by chemicals), ISO 14644-9[] (levels of surface
cleanliness by particle concentration) and ISO 14644-10[] (levels of surface cleanliness by chemical
concentration).

AR HEMEEFESHNREFHETERXGF. [EFRENALR 14644-1 PIRM TIRFHIRE
WEEREFRMATRHITNHNVIZFNIRE, EFFRENHR 14644-12 PR HE T IRPRETRLR
EEN=SE2ENAE. |BTRIESAENATRESaX L ZNEEXPHNEMSHNEFNIRE,
EHR[EFRENAR/RAEIE 209 REMWEMXGHEMTIE, HId0, THMNEFEMEER(E
RN 14698 R51). MidE & EINRE(EFFMTEALR 14644-4))F0MIE 73 B = B (E PR E LA
£14644-7)). It5h, AIUEEEREMITE, HEESERBIER A UEREFRMTENLHLR 14644-
B[R FMmI I NTREEER). EFFARAENAR 14644-9[(FFRLRE X K HREFEERH)FE
PR ZEER 14644-10[ (R F RIREXI 2 BIREE &S ERS )R E.

T s PIEY) 39 9 57 T o 9 9 9y T
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Cleanrooms and associated controlled environments —
EAENEXZIEINE—

Part 3:

E3EH:

Test methods

MIATT 7%



This document provides test methods in support of the operation for cleanrooms and clean zones to
meet air cleanliness classification, other cleanliness attributes and related controlled conditions.

ANHREZFESENEEXRENMRAZ, WHETRESED X, HESERBMMBEXZIE
7k1q:o

Performance tests are specified for two types of cleanrooms and clean zones: those with
unidirectional airflow and those with non-unidirectional airflow, in three possible occupancy states:
as-built, at-rest and operational.

MREMIEAE T ML ENFSFEME2X  BRASNAMIERER, LF=Ma] el 5 ARE:R TR,
FERBMEITRS.

The test methods, recommended test apparatus and test procedures for determining performance
parameters are provided.Where the test method is affected by the type of cleanroom or clean zone,
alternative procedures are suggested.

RMUTRATFHREMESHINESE. EEINEENNLER. MRRRFERIEEEEEX
KA, BIKABENIER.

For some of the tests, several different methods and apparatus are recommended to accommodate
different end-use considerations.Alternative methods not included in this document can be used by

agreement between customer and supplier.Alternative methods do not necessarily provide
equivalent measurements.

SFRLENS, BURAMARNG ZNIRERENFARNRLRT, SXHERREENENSEA
B EFMHNEZEINER. BT AN —ERHFRNE,

This document is not applicable to the measurement of products or of processes in cleanrooms,
clean zones or separative devices.

AXERERATEARE. FAXFOBEEP~RIIZHINE,
NOTE This document does not purport to address safety considerations associated with its use (for
example, when using hazardous materials, operations and equipment).It is the responsibility of the

user of this document to establish appropriate safety and health practices and to determine the
applicability of regulatory limitations prior to use.

AR AXHLERHASEHEREXNZ2RE(GIM, SERBMMEL 1BEMREN). AXENAR
BERAERIEENReMERRKE, HEERNREERRFINERM,

2 Normative references
2 MEESE
There are no normative references in this document.

AXHRLEIEEEE,



3 Terms and definitions

3 RNEMENX

For the purposes of this document, the following terms and definitions apply.
MAXHmME, ERUTRBERE .

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

EFriRE AR E PR B TE R SE LU TR B TARE R AR EIERE:

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

E PRt E AR TE LK S T & https://www.iso.org/obp Hefit
— IEC Electropedia: available at http://www.electropedia.org/

FREE T &R = B FIRMA:TE hitp:/www.electropedia.org/#2 it

3.1 General terms
3.1 —RRER
3.1.1

3.1.1

cleanroom

room within which the number concentration of airborne particles (3.2.1) 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

EHMO T IPHHRIHERE(3.2.1)EE, Higit. BENETARIEEERTRISING ~=EH
RE

Note 1 to entry: The class of airborne particle concentration (3.2.4) is specified.
FEAR LAE T E[HFRLRERFR(3.2.4),

T o oy EIEY) 99 9 97 T 99 99 5 9y T
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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.

FEERE 2B LS ENIEH S EERMERNKTE, NESHLE. EEIMRERE, UKL
9I797|<$‘z T%%*ﬂzﬁlﬁﬂfﬁﬁﬂ’]ﬁﬁ%m =0

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

F B 3 EMWEXYIES R A IRIEFE2HITIEE], WRE. EE. E7. IREIFEHE,

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

ARSRIR:ERAMREN AR 14644-1:2015, 3.1.1]
3.1.2
3.1.2
clean zone
BEX

defined space within which the number concentration of airborne particles (3.2.1) 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

EXM=(E, EZTEATSUERIULG.2.D)HRERERIITFFR 2L, EMENEBITAIUEH =IE
RNERIBISIN. FEMRE

Note 1 to entry: The class of airborne particle concentration (3.2.4) is specified.



FEER LIME T =[P FRLIRENFR(3.2.4).

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.

FEER 2 A LUSEMITRIHMEEEBIERKT, M= TRUE. EEHPRLEIRE, LU,
MR WENBEERESENREEEE,

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

FEARBEXAUREAEGC.L)ANMETE, WAILBINBEELRN, XMEERILUUTE
AEREBIIMR,

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

FBE 4 HMEXYIESHE I RIBEREHRITIZE, WEE. BE. [E1. IRehFzHE,
[SOURCE: ISO 14644-1:2015, 3.1.2] 3.1.3

HERIR: BT AR AL 14644-1:2015, 3.1.2]3.1.3

installation

®E

cleanroom (3.1.1) or one or more clean zones (3.1.2), together with all associated structures, air-
treatment systems, services and utilities

BARZEGCLDFI—INHSNERX(B.1.2), UNRFAEHEXEH. =[BRS, RSMRE

T s EIEY) 99 9 57 T 95 9y 5 9y T

[SOURCE: ISO 14644-1:2015, 3.1.3]
RESRR: B R AENALR 14644-1:2015, 3.1.3]
3.1.4

3.14

separative device

NEREE

equipment utilizing constructional and dynamic means to create assured levels of separation
between the inside and outside of a defined volume



M AEMM S FREME FRBIASBAINLZ B2 ILE RIERI D BK TR E

Note 1 to entry: Some industry-specific examples of separative devices are clean air hoods,
containment enclosures, glove boxes, isolators and mini-environments.

FEAR L—ERETUINSBRENFFERFETSRE. 2%, FEMA. RESIN/NETER,
[SOURCE: ISO 14644-7:2004, 3.17]
FERIR:EFRR AL AELR 14644-7:2004, 3.17]
3.1.5
3.1.5
resolution
R

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

WNENS/NEWL, SBHENERNAIRIEEL

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.

FEER L YRR T HIGNIEE (REBSIIMER) SR, B ATREBUR THRNENE/E,
[SOURCE: ISO 14644-1:2015, 3.4.1]
ZRBR R BT AL 14644-1:2015, 3.4.1]
3.1.6
3.1.6
sensitivity

quotient of the change in an indication of a measuring system and the corresponding change in a
value of the quantity being measured

MERFISTHR SRV ENEL ZUHE
2

2
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3.2 Terms related to airborne particles

3.2 5ESHPFAARXHIANE

3.2.1

3.2.1

airborne particle

H}

ST
solid or liquid object suspended in air, viable or non-viable, sized between 1 nm and 100 m
RAREE[SHBERSGREYIE, BENBTES, RIE1HKE 100 KZE

Note 1 to entry: For classification purposes, refer to ISO 14644-1:2015, 3.2.1.

FBEAR LB THXREN, BESZEEFRENAHR 14644-1:2015, 3.2.1,

3.2.2

3.2.2

count median particle diameter

TR RERR

median particle diameter based on the number of particles

BETFHRHENPETNER



Note 1 to entry: For the count median, one half of the particle number is contributed by the particles
with a size smaller than the count median size, and one half by particles larger than the count
median size.

FEER LW FHE, —FRORFRE NI RPERNIRF S, —FERTIHHRERD
KIFZ3ko

3.2.3

3.2.3

mass median particle diameter

FRERENR

median particle diameter based on the particle mass
BTN RENREITIER

Note 1 to entry: For the mass median, one half of mass of all particles is contributed by particles
with a size smaller than the mass median size, and one half by particles larger than the mass median
size.

FEER LN TRERE, FAETHRN—FRERNTREFERINFNSER, —FREHKTHRE
P{ER RIS ER

3.24

3.24

particle concentration

R FRE

number of individual particles per unit volume of air
SRUART|SPENTRNEHRE

[SOURCE: ISO 14644-1:2015, 3.2.3] 3.2.5
RESRR: B R AENALSR 14644-1:2015, 3.2.3]3.2.5
particle size

LTRSS

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

BT LATE BRI R MBS E N BIKEER, ZMMNAR 2 T4 R 2 e Rz

T s PIEY) 39 9 57 T o 9 9 9y T



Note 1 to entry: For light-scattering airborne-particle instruments, the equivalent optical diameter is
used.

FEAR LW FAMNTSRFEE, FRSFEFER.
[SOURCE: ISO 14644-1:2015, 3.2.2]
RESRR: B R AENALR 14644-1:2015, 3.2.2]

3.2.6

3.2.6

particle size distribution

KIE D

cumulative distribution of particle concentration (3.2.4) as a function of particle size (3.2.5)
FRLRE(3.2. ) FAFRIR T (3.2.5) IR RIR D 6
[SOURCE: ISO 14644-1:2015, 3.2.4]
REKR: B R AENALR 14644-1:2015, 3.2.4]

3.2.7

3.2.7

test aerosol

MR

gaseous suspension of solid and/or liquid particles with known and controlled size distribution and
concentration

BRBEMMZERT 2 HARENE AN/ SORAEFR NS RFR
3.3 Terms related to air filters and systems

3.3 5= IIEBMARBXBIRNE

3.3.1

3.3.1

aerosol challenge

ARk



challenging of a filter or an installed filter system (3.3.6) by test aerosol (3.2.7)

A SAR(3.2.7)X I8 X E L AT I8 R 41(3.3.6) 12 ki
3.3.2

3.3.2

designated leak

et

maximum allowable penetration, which is determined by agreement between customer and supplier,
through a leak (3.3.8), detectable during scanning (3.3.9) of a filter installation (3.1.3) with light-
scattering airborneparticle counters (LSAPC) or aerosol photometers (3.6.2)

BT MIR(3.3.8) AE P AHNE Z B MAENRARIFEE, AIEFERLEHSTSRALTEES
(LSAPC) S S AR EE11(3.6.2)134#(3.3.9)1 78 2856 B (3.1.3) HA il U E
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3.3.3

3.3.3

dilution system

WREARS

system wherein aerosol is mixed with particle-free dilution air in a known volumetric ratio to
reduce concentration



REZHRHRET SUBMBARLLE S MR RREN RS
3.34
3.34
filter system
assembly composed of filter, frame and other support mechanism or other housing
FdiEas. EZRMEMSTEN A thINTH R RIA M
3.35
3.35
final filter
2833

filter in a final position before the air enters the cleanroom (3.1.1) or clean zone (3.1.2)

AEERHRNEREG.1L.D)FESRX(3.1.2)Z2H], ERZMAEBHITIHIE
3.3.6
3.3.6

installed filter system

LRITIERS

filter system (3.3.4) mounted in the ceiling, wall, apparatus or duct
LEAEXRER. BE. KEHEERNIIEERS(3.3.4)

3.3.7

3.3.7

installed filter system leakage test

LRAT IR RS RN

test performed to confirm that the filters are properly installed by verifying that there is absence of
bypass leakage of the filter installation (3.1.3), and that the filters and the grid system are free of
defects and leaks (3.3.8)

IR LRI



3.3.8 leak
3.3.8 itiw

<of air filter system> penetration of contaminants that exceed an expected value of downstream
concentration through lack of integrity or defects

<ERTRRF>HATRZTEMHREG, SRMEEEI TRENHEE

scanning
A

method for disclosing leaks (3.3.8) in filters and parts of units, whereby the probe inlet of an aerosol
photometer (3.6.2) or a light-scattering airborne-particle counter is moved in overlapping strokes
across the defined test area

NSRS MEMR(3.3.8)09757%, ERBARILEIT(3.6.2)I A= U F it MR ADOE
ME R KA U EEBITIESE

3.4 Terms related to airflow and other physical states
3.4 5 RN EMYBERSHEXBARIE

3.4.1

3.4.1

air change rate air exchange rate

H‘}

S SEHRE

rate expressing number of air changes per unit of time and calculated by dividing the volume of air
delivered in the unit of time by the volume of the cleanroom (3.1.1) or clean zone (3.1.2)

RABUNBATRENRBNER, BIASUNEBRNBENESERUESEQG.1.)IES
(B.L2)MERKIHE

3.4.2

3.4.2

measuring plane
MNEFE

cross-sectional area for testing or measuring a performance parameter such as the airflow velocity



RFNHENE I [REEF IS BRI E E R
3.4.3

3.4.3

non-unidirectional airflow

FREIR

air distribution where the supply air entering the cleanroom (3.1.1) or clean zone (3.1.2) mixes with
the internal air by means of induction

F42%E(3.1.1)ZEEXG.1L)MHIBIRANERABEVESHNZTIDH
[SOURCE: ISO 14644-1:2015, 3.2.8]
FRRIR: BT E AR 14644-1:2015, 3.2.8]
3.4.4
3.4.4
supply air volume flow rate
HREME

air volume per unit of time supplied into a cleanroom (3.1.1) or clean zone (3.1.2) from final filters
(3.3.5) or air ducts

MBRETIEER(3.3.5)HATNFER-NENERE(3.1.1)FEFX (3. 1.2 EUMNE=E
4
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3.4.5
3.4.5

total air volume flow rate

air volume per unit of time that passes through a section of a cleanroom (3.1.1) or clean zone (3.1.2)
FRANEETEEEQG.1.D)FEEXG.1I2MNTSE

3.4.6

3.4.6

unidirectional airflow

BESR

controlled airflow through the entire cross-section of a cleanroom (3.1.1) or a clean zone (3.1.2)
with a steady velocity and airstreams that are considered to be parallel

BITESRE3.1.D)IFEEXG.12)NBMERENZITSR, EARENEEMBIANTITHNRR
[SOURCE: ISO 14644-1:2015, 3.2.7]
FERIR: B AL 14644-1:2015, 3.2.7]
3.4.7
3.4.7
uniformity of velocity
HE S

unidirectional airflow (3.4.6) pattern in which the point-to-point readings of velocity (speed and
direction of airflow) are within a defined percentage of the average airflow velocity

BASRB.4.6)0RT, HPAXmEREER(RREENAR)EFI[ARENMET 2R
3.5 Terms related to electrostatic measurement

3.5 BFHENEAERAE



3.5.1

3.5.1
discharge time
i GEENIE

time required to reduce the voltage to the level, positive or negative, to which an isolated
conductive monitoring plate was originally charged

RREERREIRE S B R R& ) 78 A IES 1 BT AR ERIET &)
3.5.2
3.5.2

offset voltage

*MEEE

voltage that accumulates on an initially uncharged isolated conductive plate when that plate is
exposed to an ionized air environment

SIRBBTEETRIMERN, RUATENRESER LEERNEE
353

353

static-dissipative property

FREBFEBITIE

capability for reducing electrostatic charge on work or product surface, as a result of conduction or
other mechanism to a specific value or nominal zero charge level

AT SHEMIG], TN~ mREVEFERAMERIE AT BRI K FAIEE
3.5.4
3.5.4

surface voltage level

REFEBEKF

positive or negative voltage level of electrostatic charging on work or product surface, as indicated
by use of suitable apparatus

TR mREFFE R BERABEKT, NERAGERNREFIR



3.6 Terms related to measuring apparatus and measuring conditions

3.6 SMEMBNMEFHBXIIARIE
3.6.1

3.6.1

aerosol generator

[ERRESR

apparatus capable of generating particulate matter having appropriate size range (e.g. 0,05 m to 2
m) at a constant concentration, which can be produced by thermal, hydraulic, pneumatic, acoustic or
electrostatic means 3.6.2

RESSLUEERE~EEEE S RTTEE (B0 0.05 KE 2 K)BFHMRBIRE, HAL@IR. &E.
o). EFHFHBEE3.6.27E

aerosol photometer
[BRE T

light-scattering airborne particle (3.2.1) mass concentration measuring apparatus, which uses a
forward-scattered-light optical chamber to make measurements 3.6.3

HBREIERAF G2 )RERENERE, EHARBNCAFEH#ITNE 3.6.3
airflow capture hood with measuring device
mENEXENSRHEIRE

device with apparatus to completely cover the filter or air diffuser, and collect the air to directly
measure the air volume flow rate

BAER2BHURSHTW S, FREZSUERNETSARNRENEE

T s PIY) 5 9 97 T 9 5 9y T
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3.6.4 LSAPC

3.6.4 LSAPC

light scattering airborne particle counter
TR =S F IR Es

apparatus capable of counting and sizing single airborne particles (3.2.1) and reporting size data in
terms of equivalent optical diameter

BEBIT AN E RN T SERPTHG.2.D)HRESVWLEERIRE R THIENILSE
Note 1 to entry: The specifications for a particle counter are given in ISO 21501-4.
FEER BRSO ER T AENRALR 21501-4 g,

[SOURCE: ISO 14644-1:2015, 3.5.1, modified — The term "light scattering discrete airborne
particle counter" has been removed.Note 1 to entry has been reworded.]

[FRBRIR: EFrRER AR 14644-1:2015, 3.5.1, BER-ANE “NHSTEBVBN FITEE SR
BRo FEE1ENRE, ]

3.6.5

3.6.5
witness plate
DLIEMR

material of defined surface area used in lieu of direct evaluation of a specific surface that is either
inaccessible or too sensitive to be handled

EXRERME, BFABELTEROSASRMAEL IR ERIBNERET(G
3.7 Terms related to occupancy states

3.7 ENERSHERBIFR



3.7.1
3.7.1
as-built
BT

condition where the cleanroom (3.1.1) or clean zone (3.1.2) is complete with all services connected
and functioning but with no equipment, furniture, materials or personnel present

BAREGLDICERX(B.1.2)B5xk, FIERSYEEZRHE!T, BRAKRE. KA. MHIARED
[SOURCE: ISO 14644-1:2015, 3.3.1]

FRERR: EFRTEAR 14644-1:2015, 3.3.1]

3.7.2

3.7.2

at-rest

RERY

condition where the cleanroom (3.1.1) or clean zone (3.1.2) is complete with equipment installed
and operating in a manner agreed upon, but with no personnel present

EAE(3.1.1)E0ERXG.1.2) ERAEARNRENZTIRE, BREARTZNER
[SOURCE: ISO 14644-1:2015, 3.3.2]

TERIR:EFRRAER AL 14644-1:2015, 3.3.2]

3.7.3

3.7.3

operational

12 1ERY

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

BAZEGLDIERXG.1L2)EERNET. REBTARREEREARTEINEERG
[SOURCE: ISO 14644-1:2015, 3.3.3]
FEER: EFRTEAR 14644-1:2015, 3.3.3]

4 Test procedures



4 MitiEF

4.1 Cleanroom tests
4.1 5=
4.1.1

4.1.1

General

—AR

ISO 14644-1[] shall be carried out in order to classify a cleanroom or clean zone by airborne
particle concentration.Additional cleanliness attributes should be chosen if required (see Table 1).

RHITEFMRAENAR 14644-1[], UERBEZSHPNFRORENEEZETEAXETOE. IRFE,
ROEEEIMNYEEERBIE(RE 1),

NOTE Each standard contains specifications for test methods based on the characteristics of
specific attributes, guidance on evaluating the test data and specifications for test apparatus.

A S MUEREEETRERMERENNIRZZIE. MdEEHEiEmMlitig& e,

Table 1 — Cleanliness attribute tests for cleanrooms and clean zones

&1 —IEAEMETEXERFERENR

General description Referenced in

5| B —ARIEA

Levels of surface cleanliness by particle concentration ISO 14644-9[] Levels of air cleanliness by

chemical concentration ISO 14644-8[] Levels of surface cleanliness by chemical concentration ISO
14644-10[] Monitoring air cleanliness by nanoscale particle concentration ISO 14644-12[]

RRRLREX D HREREESFRNBRUFREN DN NEEEFRIRUEFREMNDOREEEESF
R HEHARRBRRERN DRI =B EE SN[
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4.1.2 Supporting tests

4.1.2 Z#FN

Table 2 lists other appropriate tests that can be used for measuring the performance of a cleanroom
or clean zone installation.These tests may be applied in each of the three designated occupancy
states;refer to details in Annex B for suggested applications.These tests may not be all-
inclusive.Also, they may not all be required for any given project.Tests and test methods should be
selected in a manner agreed between the customer and supplier.Selected tests can also be repeated
on a regular basis as part of routine monitoring or periodic testing.Guidelines for the selection of
tests and a checklist of tests are given in Annex A. Test methods are outlined in Annex B.

R2HBTEARTFUNEETAEIEFXREMENEMESENR, XEMNXTNAF=MIEE SBARS
FHE—M; BXENNNA, BESEMHE B PRFARESE. XENATREAZETHRN. LI, 3¢
TEMALENTE, ENAESBARLFEN. MHAME AN UEFMHYEREANER. FX
EMEERERNRAN—&7D, A UEHESEERME MilkEErmAMNHR R DM F— N
AR =

NOTE The test methods described in Annex B are in outline form only.Specific methods can be
developed to meet the needs of the particular application.

AR B RHEREIRIE T A NEBANT . AIUFARBFENG EZRBRFENANEER,

Supporting tests Reference in ISO 14644-3

Principle Procedure Apparatus
Air pressure difference |4.2.1 B.1 C.2
test
Airflow test 4.2.2 B.2 C.3
Airflow direction test |4.2.3 B.3 C4
and visualization




Recovery test 4.2.4 B.4 C.5

Temperature test 4.2.5 B.5 C.6
Humidity test 4.2.6 B.6 C.7
Installed filter system |4.2.7 B.7 C.8

leakage test

Containment leak test |4.2.8 B.8 Cc9

Electrostatic and ion 4.2.9 B.9 C.10
generator tests

Particle deposition testa |4.2.10 B.10 C.11

Segregation test 4.2.11 B.11 C.12

NOTE These supporting tests are not presented in order of importance or chronological order.The
order in which tests are performed can be based on the requirements of a specific document or
after agreement between the customer and supplier.

a The particle deposition test can also be considered a test for cleanroom performance in the
operational state.

25 Pl EFFTEL AR 14644-3 RHSE

R (EE2 38
SEENR 4.2.1 B.1 C.2
ST 4.2.2 B.2 C.3
SRAENRATRY 423 B3 C.4
BRI 4.2.4 B.4 C.5
BRI 4.2.5 B.5 C.6
SRR 4.2.6 B.6 C.7
ERENSERSME 427 B.7 C.8
it
gLy CHES 4.2.8 B.8 C.9




BT LERNL 429 B.9 C.10

BRI IS 4.2.10 B.10 C.11
HEIRE 4.2.11 B.11 C.12

A XEFENA A B IREE S S EIRFHT IR FITINRBIRE A AEFHEXHRIER, HEE
PR ZEER N Z Eo
FHUAIR I AT M ANIE T TIRS A2 E EaERIR LS,

4.2 Principle

4.2 R

4.2.1 Air pressure difference test
421 =R]EFEEMR

The purpose of the air pressure difference test is to verify the capability of the cleanroom air
movement system to maintain the specified pressure differential between the cleanroom and its
surroundings.The air pressure difference test should be performed after the cleanroom has met the
acceptance criteria for airflow velocity or air volume flow rate, uniformity of velocity and other
applicable tests.Details of the air pressure difference test are given in B.1.

FREENXHENERIPE#ETNRRARRTEFEREBABRFRZEMEEENE. TSE
ENRNEEAEREVREREINE. REHIENEMERNRNEWINEEETT. TKEAEN
HAVAT L B.1

T s PIEY) 39 9 57 T o 9 9 9y T

4.2.2 Airflow test
4.2.2 ]t

This test is performed to measure the supply airflow introduced into both unidirectional and non-
unidirectional cleanrooms or clean zones.In unidirectional applications, the supply airflow velocity
can be measured with individual point readings to allow for the measurement of velocity and
determination of uniformity of velocity.The average of the individual velocity point readings may
be used to calculate the supply airflow volume and air change rate (air changes per hour).In non-
unidirectional applications, individual velocity point readings are typically not required as
uniformity of velocity is generally not necessary.In these cases, airflow volume readings may be
measured directly and then used in calculating the air change rate (air changes per hour) for the
cleanroom or clean zone.Test procedures for the airflow test are given in B.2.

RITZMEZRAN TNESINERAMIFRFEEFESEFENENSAR. TEENAF, FTUARRM S
RECRNEMHLEREE, UATNERENHERENIITE. ENERERRBNTIHETRTIHE
EXNNEMRIR(B/NHRTURK). FEEANAT, BEFATEEMNEERRLY, BANBEEREE



BRENHSMN, AXEREAT, IUEENETIRERY, ARRATHEEAEHEAXNTSTWN
R(BIHE|EWL), IRVLANRNIZF T B.2
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4.2.3 Airflow direction test and visualization
4.2.3 SR A AR e ARk

The purpose of this test is to demonstrate that the airflow direction and its uniformity of velocity
conform to the design and performance specifications.The airflow direction test can be conducted in
the at-rest state to determine the basic cleanroom airflow patterns and can be repeated in the
operational state simulating actual operations.Procedures for this test are given in B.3.

AIREH BRI RS MM ARSI SIRITAIERENSE. URA RN A AT RS T
17, UMEREAREFETIREN, FEAIUERNSEIMRERRIPRS TEE#1T, B.3 AW TiZAEs
2

4.2.4 Recovery test
4.2.4 = izt

The recovery test is performed to determine whether the cleanroom or clean zone is capable of
returning to a specified cleanliness level within a finite time, after being exposed briefly to a source
of airborne particulate challenge.This test is not recommended for unidirectional airflow.The
procedure for this test is given in B.4. When an artificial aerosol is used, the risk of residue
contamination of the cleanroom or clean zone should be considered.



HITMERERANTHESAENT2XEERBEETRETTSFHINNERE, EAMRIYE
ARERMERNEFHEKF. FENBRSRETINRN. B.4PLH TIZRWNERF, SERAESRE
e, NEREREDEAKAESRIIN,

4.2.5 Temperature test
4.2.5 BE MR

The purpose of this test is to verify the air temperature levels are within the control limits over the
time period specified by the customer for the area being tested.Procedures for these tests are given
in B.5.

ZNAH BRRIEER P AR XIS ENERA, TUREKFEEEEFSEEN. B.5HHTX
LRI

4.2.6 Humidity test
4.2.6 2N

The purpose of this test is to verify moisture (expressed as relative humidity or dew point) levels are
within the control limits over the time period specified by the customer for the area being
tested.Procedures for these tests are given in B.6.

ZNAR BRRINEER P AR XISEENERA, EE(ENEEHE RERR)KFEEHRER.
LT XERORIER

4.2.7 Installed filter system leakage tests
4.2.7 LRI IER IR

These tests are performed to confirm that the final high efficiency air filter system is properly
installed by verifying the absence of bypass leakage in the air filter installation, and that the filters
are free of defects (small holes and other damage in the filter medium, frame, seal and leaks in the
filter bank framework).These tests are not used to determine the efficiency of the filter medium.The
tests are performed by introducing an aerosol challenge upstream of the filters and scanning
downstream of the filters and support frame or sampling in a downstream duct.Leak detection
methods are given in B.7.

HITXENRAZ A T BRI IRBLETEESRLR, UTIRSISEREOIIRNAR. EZR.
FEMHF AN B SSEEAESS ':F'EI’J/J\?L*DETJ@L\W)EEEEU\E—,\%?‘i?’ﬁl.ﬁ%%?&?‘f%lﬁﬁo XWX RRF
HE N RV, BEEEiEes ERSIANSBRIkE, HEDESNZEER T HABRETRFE
B SHITINR, B.7 444 7 tRa A %

4.2.8 Containment leak test
4.2.8 R RN

This test is performed to determine if there is intrusion of unfiltered air into the cleanroom or clean
zone(s) from outside the cleanroom or clean zone enclosure(s) through joints, seams, doorways and
pressurized ceilings.The procedure for this test is given in B.8.



BHITZNRBAN THERTEET[NEDEIEE,. B2, TONMEXRERMEEZEZEFXIMNTIMNB
BNEREFERX, B.8GHTIZARNER

4.2.9 Electrostatic and ion generator tests
429 #ENEFRERNL

The purpose of these tests is to evaluate electrostatic voltage levels on objects, static-dissipative
properties of materials and the performance of ion generators (i.e. ionizers) used for electrostatic
control in cleanrooms or clean zones.Electrostatic testing is performed to evaluate the electrostatic
voltage level on work and product surfaces, and the static dissipative properties of floors,
workbench tops, etc.The ion generator test is performed to evaluate the ionizer performance in
eliminating static charges on surfaces.Procedures for these tests are given in B.9.

XN B BT EYA LR EBEKT. MEEBREBISEURA T E =G F X BT
MWBFARESRENBFAERRIMER. HITHENXZN TGN~ RRENFHEREKT, kit
R TEETIESNEHEBEEEITE. #ITBEFAESNAZAN T HEEFRESTERREFESEN
MEE. B.9 AT XEHINHIER

4.2.10 Particle deposition test
4.2.10 FhnAR it Ie

The purpose of this test is to verify the quantity and size of particles deposited from the air in the
cleanroom onto a surface over an agreed period of time.Procedures for this test are given in B.10.

AN ENZRIEE—BEENNER, HHFRETSHNRIRE LT HENRT. B.10LSHT
ZIXIHIEF
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4.2.11 Segregation test

4.2.11 Bt

The purpose of this test is to assess the separation effectiveness achieved by a specific airflow,
challenging the lesser classified area with particles and determining the particle concentration in the
protected area at the other side of the segregation.Procedures for this test are given in B.11.

AWK BHIRTHERE UAFMAZIN D BRR, BFRERRID XX, #FREDBA—MIRE
PXIEFRCRE, B.11 AH T iZIAKNERF

5 Test reports
5 fp iR &

The result of each test shall be recorded in a test report, and the test report shall include the
following information:

SRABHERMIERTRERER, RRRENEEUATER:

a) the name and address of the testing organization, and the date on which the test was performed;
a)MiL AR R B FRANtaE, ARt TMIRaY B EA;

b) a reference to this document (ISO 14644-3:2019);

XA 85| B (EFrr A AR 14644-3:2019);

c)

c)

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;

BREIRA NN S ERE A XIYIEUE(NALE, BESZHBXE), URFMERFUELITIAR
BIR;

d) the specified designation criteria for the cleanroom or clean zone, including the ISO
classification, the relevant occupancy state(s), and the considered particle size(s);

BARAZIHAXNIEERENE, BREEMMVELARDE. BXSBARSNEEBHTHIRT;
e)
e)



f)
f)

the 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 apparatus and its current calibration certificate;

FRARITS EZNAT, URSHEHREIRIL T EZERVEMSEHREYS, URiRIESEREHFIREIE
BHIIRIR;

the test result, including data reported as specifically required in the relevant clause of Annex B, and
a statement regarding compliance with the claimed designation;

MIALER, SEMG B MXFRPEFEXRIREHETE, URXTHEERIIEENERR;
g) any other specific requirements defined relevant to the clause of Annex B for particular tests.

g MR EIRNILE X B St B AR EREMREER,
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Annex A

M —

(informative)



(E2MH)

Choice of supporting tests and checklist

SEA AT RAEE

A.1 General

A1 #ER

Special care should be taken when determining the sequence for carrying out tests for cleanroom,

clean zone or controlled zone performance.

REEAE. AR EXERNHANIRFER, RSO,

The selection and sequence of tests should be determined between customer and supplier and
should detect noncompliance at the earliest stage possible and not compromise other tests in the

sequence.

MABEFEMIRF MNAEEF P MHN B ZERE, ANRABEFMRNAFTEI, MAREIRFRIEM

Mzt

A.2 Test checklist

A2 MiAEER

Table A.1 provides a checklist of tests and apparatus.

Zxal IR T MHANEE B R,

Selection of |Test Test pro- Selection of |Test Apparatus | Comments
test procedure | cedure test ap- apparatus reference
procedure reference paratusb
and
sequencea
Air pressure |B.1 Electronic |C.2.2
dif-ference micro-
manometer
Inclined C.2.3
manometer
Mechanical |C.2.4
differen-tial
pressure
gauge
Airflow B.2 C.3
Uniformity |B.2.2.2 Thermal C.3.1.1




of velocity anemometer
within the
clealnroom Three- C.3.1.2
orc eafn dimensional
201‘1((1%‘( 0:. ultrasonic
im} f11rec iona anemome-
airflow) ter, or
equivalent
Vane-type |C.3.1.3
anemome-eter
Tube array |C.3.1.5
Supply B.2.2.3 Thermal C.3.1.1
airflow anemometer
velocity (for
iln}(ifllrectlona Three- C.3.1.2
airflow) dimensional
ultrasonic
anemome-
ter, or
equivalent
Vane-type |C.3.1.3
anemome-eter
Tube array |C.3.1.5
Supply air |B.2.2.4 Thermal C3.1.1
volume flow anemometer
rate meas-
lf_ll‘ed by1 fll‘tfr Three- C.3.1.2
?Ce velocity dimensional
(for ultrasonic
unidirectiona anemome-
1 airflow) ter, or
equivalent
Vane-type |C.3.1.3
anemome-eter
Tube array |C.3.1.5
MIIRERE 25 WtiesE WHgEms HRER  NBSE T
PO a 28
EEE B.1 BFHEES C2.2




it

pEEnt C23

MmzEEt C24
Wi B.2 C.3
EeEES B.2.2.2 Mgt C3.L1
R PIYIERESY
BT =t RE C.3.1.2
FSR) R

M A REE | C.3.1.3

=]l C.3.1.5
My SmEE B.2.2.3 R E T C.3.1.1
(BB

=t RE | C.3.1.2

SR

M A REE | C.3.1.3

R C.3.1.5
midiEes®m B.2.24 R E T C.3.1.1
SERE BTt
SERE(E =R C.3.12
FRETR) R

MRS | C.3.1.3

| C.3.1.5




Copyright International Organization for Standardization Provided by IHS Markit under license
with Standards Council of Canada No reproduction or networking permitted without license from
IHS

EFMRENRAR RS, HERIEERADRERIBMERTEZAIMTARM, REERFIZER
SFR], TFERIEER

ISO 2019 - All rights reserved
EPRRENALR 2019 -(REFIBEF

Not for Resale, 09/15/2019 20:39:20 MDT
TSEE, 20194 15 A9 H 20:39:20 MDT
ISO 14644-3:2019(E)

EFRAT LR 14644-3:2019(2%)



Table A.1 (continued)

Selection of | Test procedure | Testpro- | Selection Test apparatus Apparatus | Comments
test procedure cedure of test ap- reference
and sequence? reference | paratusP

Supply air volume |B.2.2.5 Orifice meter C3.23
flow rate in air Venturi meter C.3.2.4
ducts (for unidi-
manometer
Thermal anemometer |C.3.1.1
Supply air volume |B.2.3.2 Airflow capture hood |[C.3.2.2
flow rate meas- with measuring device
ured at the inlet
(for non- unidi-
rectional airflow
installation)
Supply air volume |B.2.3.3 Thermal anemometer |C.3.1.1
flow rate calcu- Three-dimensional  |C.3.1.2
lated from filter ultrasonic anemome-
face velocity (for ter, or equivalent
non-unidirection-
al airflow i) Vane-type anemom- |C.3.1.3
eter
Supply air vol- B.2.3.4 Orifice meter C323
ume flow rate Venturi meter C.3.2.4
in air ducts (for
nnn_unidirectlnn_ Pitﬂt—StatiC tuhES alld C...3_..1..&
Thermal anemometer |C.3.1.1
Airflow direction |B.3 Tracers C4.41
and visualization Thermal anemometer |C.4.2
Three-dimensional C.4.3
ultrasonic anemome-
ter, or equivalent
Aerosol generator C4.4
Ultrasonic nebulizer |[C.4.4.2
Fog generator C.4.4.3
Recovery B4 Light-scattering C.5.1
airborne-particle
counter (LSAPC
Aerosol generator C.5.2
Aerosol source sub- [C.5.3
stances
Dilution system, C.5.4
equipment
Thermometer C.6
Temperature B.5 Expansion Thermom- |C.6 a)
eter
Electrical Thermom- |[C.6 b)
eter
Thermomanometers |C.6¢)
Humidity B.6 Dewpoint hygrometer |C.7 a)
Electrical conductivity |C.7 b)

variation hygrometer
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Table A.1 (continued)

Selection of | Test procedure | Testpro- | Selection Test apparatus Apparatus | Comments
test procedure cedure of test ap- reference
and sequence? reference | paratusP

Installed filter B.7 C8
system leakage
Installed filter B.7.2 Aerosol photometer [C.8.1
system leakage Aerosol generator C.8.3
scan test with an
aerosol photom- Test aerosol source  |C.8.4
eter substances
Installed filter sys- |B.7.3 Light-scattering C.8.2
tem leakage scan airborne- particle
test with a LSAPC counter (LSAPC)
Aerosol generator C.8.3
Test aerosol source C.8.4
substances
Dilution system, C.8.5
equipment
Overall leak test |B.74 Aerosol photometer |[C.8.1
D[fif_'ltsrs mount- Light-scattering C.8.2
& 111_: udcl'gs or airborne- particle
air-handling units counter (LSAPC)
Aerosol generator C.8.3
Test aerosol source C.84
substances
Dilution system, C.8.5
equipment (LSAPC
method only)
Containment leak (B.8 c9
Light-scattering |B.B.2.1 Light-scattering C9.1
airborne-particle airborne-particle
counter (LSAPC) counter (LSAPC)
method Aerosol generator C9.2
Test aerosol source c9.3
substances
Dilution system, C9.4
equipment
Aerosol photome- |B.8.2.2 Aerosol generator C9.2
ter method Test aerosol source C9.3
substances
Aerosol photometer [C.9.5
Electrostaticand |B.9 C.10
ion generator
Electrostatic B9.2.1 Electrostatic voltme- [C.10.1
ter
High resistance ohm- |C.10.2
meter
Charged plate monitor |C.10.3
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Selection of | Test Test pro- Selection of |Test Apparatus | Comments
test procedure | cedure test ap- apparatus reference
procedure reference paratusb
and
sequencea
Ion B.9.2.2 Electrostatic |C.10.1
generator voltme-ter
High C.10.2
resistance
ohm-meter

Charged C.10.3
plate
monitor

Particle B.10 Witness C.11.1
deposition plate
material

Wafer C.11.2
surface
scanner

Particle C.11.3
fallout aero-
sol

photometer




Surface
particle
counter

C.11.4

Particle
deposition
meter

C.11.5

Optical
particle
depo-sition
monitor

C.11.6

Segregation
test

B.11

Light-
scattering
airborne-
particle
counter
(LSAPC)

C.12.1

Aerosol
generator

C.12.2

Test aerosol
source
substances

C.12.3

Dilution
system,
equipment

C.12.4

a In the boxes of column 1, test planners can number the selected test methods according to the test

sequence.b In the fourth column, test planners can select test apparatus according to the test
method selected.

MWiAFZERIR | 1S MiHAEESE | Mg ENE AREE NEBEEE it
FFHYESE a #
BFrk4El |BOY22 smmmEx | C.10.1
=rEmmEx | C.10.2
HEFREm C.10.3
a8
RLFImAR B.10 iERME |C11.1




B A RE
%

C.11.2

'?‘i'
"\

K+
BRIET

7?»

!
R

C.11.3

RERLFITER
2=

C.11.4

FRLTARY

C.11.5

FFRIFIAR
mAEs

C.11.6

SEdl Bl

FERRST = SHL
Fitigs

C.121

[BRKERS

C.12.2

M SRR
Z)oA

C.12.3

BRASL. 8
&

C.12.4

£ 1 =g 1S, NI HRIA AT BARTEN R 3 it
X3 AT LUREEE R B 77 75 M (28

ol SHI b7 9t

TRS. EHEMEE=F, Mt

A.3 Planning for testing and verification
A3 MRFNFEIE T
As a minimum, testing should be carried out:

EDROEITME:

a) in connection with classification according to ISO 14644-1;

a)IREEFRRELAR 14644-1 #H1TH K

b) at verification during start-up;

b)EahEREIRVISIE;

c) at verification after failures have been identified and rectified;




C)TEMIARN L [E P& /e 1TI0IE ;

d) at verification after modification;

d)ERUERIIE;

e) during periodic testing.

e) BRI HA I,

A risk assessment should be performed to establish the appropriate intervals for periodic testing.
REFHATHBLITAE, LA S EHAMIARYIE S 8] FR.

Monitoring data, trend and test result should be used to confirm and, if appropriate, adjust time
intervals for the selected tests.

R miEEdE. BEMNIRE R KMIAFHIFREMENRX B EER(ANREIE).
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Annex B

B+ —

(informative)

(1ER1%)

Supporting test methods



2 S l§waprs
B.1 Air pressure difference test
1 Z=SEENR

B.1.1 General

B.1.1 #fiA

The purpose of this test is to verify the capability of the complete installation to maintain the
specified pressure difference between the cleanroom and its surroundings, and between separate
cleanrooms and clean zones within the installation.[] This test is applicable in each of the three

designated occupancy states, and can also be repeated on a regular basis as part of a routine facility
monitoring program as described in ISO 14644-2[] .

ALK ENERIEBR N EERIFEFZEREREFR ZBURIRIE#ENRERE#X Z B EE
EWEEN. [[ZMXERT=MEE SAIRSHIE—, WAILUEANERRTAENAR 14644-2])FiEk
BRI ST R —E D E R E S #H T,

B.1.2 Procedure for air pressure difference test
B.1.2 =8EENXIEF

It is recommended that the following items are confirmed before starting the measurement of
differential pressure between rooms or between rooms and outside areas:

BiNEFRNEREZEHFEESIMNIXIEZBNEEZRT, FHIALLTHA:

— values and acceptable range of differential pressure between rooms should be defined;
—R7E X 5 8l [ElE & EM A2,

— supply air volume and balancing of the air handling unit supplies are within specifications;
— S ENTSAEREHSNTEREE;

— cleanroom components that could impact the differential pressure between rooms such as doors,
windows, pass through, etc.should be closed.Permanent openings should be kept open during the
test;

FIRERMES BB EERVEFEARM, W) B, BEF. MZXI]7T. MidihE, KAEFORERE
ﬂ?ﬂkm,

— the air handling system has been operated and the conditions have been stabilized;
—FRVEBRAEZET, FHELRE
— extraction systems should be operating as agreed and specified.

— R ARG NIERYENMEEZIT.



The pressure differences between each individual cleanroom, clean zone and the connected adjacent
room(s) should be measured.

ZNES MRIIESE. EEXMBERNESEEZERNEE.

This will include measurement of the pressure difference between (a) classified room(s) connected
to the non-classified surrounding environment.

X EIENESIED KBAEMRAEN D LB B ZENEE,

To avoid possible erroneous readings, the following should be considered:

AT ER ARV IR, NEEUTLR:

a) installation of permanent measuring points;

Q) REXRAMME S ;

b) measurements in the cleanroom and clean zone should not be taken near supply air inlets, return
b)EAEMEAXNVEREEXNND. BIXKMHE#HTT

air outlets, air movement devices, doors and other localized high air velocity areas that may
influence the local pressure at the measuring point;

HXEA. =SSBoEE. HEMATERZIMNERBEENHEEREKEEKE;
C)
C)

when the measured differential pressure is lower than an agreed value, direction of flow between
rooms should be confirmed by flow visualization methods.

SNENEERTAEEN, MBS RERIL G ERE BB ZEAREF .
B.1.3 Apparatus for air pressure difference test
B.1.3 =8EEMXi&&E

Apparatus descriptions and measurement specifications are provided in C.2. An electronic
micromanometer, inclined manometer, or mechanical differential pressure gauge can be used.

C.2 PR T NSEERTMENE, ATUFERBFHET. MREAHENMMESET,
The apparatus should have a valid calibration certificate.

BN BB BMEIRAEIE .

P N N N N N N N N N N VR N N N T RN

T s PIY) 5 9 97 T 9 5 9y T
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B.1.4 Test reports

B.1.4 Mtk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIER AN Z BRI, NIRRE 5 FAMRIERUTERMEE:

a) type of tests and measurements, and measuring conditions;

a) M ERVRE LRGN E 4

b) type designations of each measuring apparatus and apparatus used and its calibration status;
b)EAMNE MUENFINNBNE S BMRERERE;

c) cleanliness classes of the rooms considered;

C)FFEBREEINBEEFXR;

d) measuring point locations, when required the reference point location;

DNERME, BERNNVESESUE;

e) occupancy state(s).

e)d AR



B.2 Airflow test

B.2 S

B.2.1 General

B.2.1 #fiA

The purpose of these tests is to measure airflow velocity and uniformity, and supply air volume
flow rate in cleanrooms and clean zones.Measurement of velocity distribution is necessary in
unidirectional airflow cleanrooms and clean zones, and supply air volume flow rate in non-
unidirectional cleanrooms.Measurement of supply air volume flow rate is carried out to ascertain
the air volume supplied to the cleanroom or clean zone per unit of time.The supply air volume flow
rate is measured either downstream of final filters or in air supply ducts;both methods rely upon
measurement of velocity of air passing through a known area, the air volume flow rate being the

product of velocity and area.The choice of procedure should be agreed between customer and
supplier.

XENANBENENEVREENYSMNE, HEEEENMEAKRETERRE. BRSREREN
BRAKFEENERENSH, FREETHAEFTERETERAE, #ITHNESERRENNE, LA
ESRUNBHNEFFERETFXNTTUE, HAREREERZTIER TEIEIEETNE; X
M EEEAM T BRI ENXENEREENNE, TRARRESERENERNRR. 2FERE
N % PN EEE,

When measuring airflow velocity, the following conditions should be considered carefully:
MESRERER, NFAZRUTRMY:

a) probe direction should be chosen appropriately under the consideration on the airflow velocity;
Q)NTEZE RMEERER & HEFERK G M;

b) measurement should be conducted during sufficient time for repeatable readings and the average
velocity or air volume flow rate should be recorded.

b)NERBKIBENHITNE, LIRSRIEEMNIRN, HiCRFIIRERE[IERRE,
B.2.2 Procedure for unidirectional airflow testing

B.2.2 8RSmNiAiERF

B.2.2.1 General

B.2.2.1 #fA

The velocity of the unidirectional flow determines the performance of a unidirectional
cleanroom.The velocity can be measured close to the face of the terminal supply filters, or within
the room.This is done by defining the measuring plane perpendicular to the supply airflow and
dividing it into measuring points (grid cells) of equal area[].B.2.2.2 Supply airflow velocity



BRBHNIRERE T BREAENMEE, RETUERIRGRREEISRAXENNE, XEBEL
EXEHETENSRNNEFEHFEIN S AEFER[ANE S(REET)REMBN], B.2.2.2 NS
RE

The airflow velocity should be measured at approximately 150 mm to 300 mm from the filter face
or entry plane.

SRR ENERE ISR RE N A FEL 150 2XKE 300 2KLNE,

T o s PIEY) 39 9 97 T 95 99 5 9y T

The number of measuring points (grid cells) is highly dependent upon the instrumentation used to
perform the measurements, configuration of room infrastructure, location or process equipment and
the design of the installed filter cell. The minimum number of measuring points (grid cells) should
be determined by Formula (B.1):

MER(MBRT)WHEERAEE LEURTRTHITVENNE. FEEMIRENEE. UENTZR
BURRERNTIERETHIRIT. MER(NEET)NR/NIENHAN(BLWAE:

NA=x10

NA=x10

(B.1)

(B.1)
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where

T E

N is the minimum number of measuring points (grid cells;N should be rounded up to a whole
number);

n @MNESNER/NIE(MNEETT, n MiZAEANEER),;
A is the measured area in m.
a2 m ARUANEER,

Where the average velocity is required for a zone with unidirectional airflow, the average velocity is
calculated from Formula (B.2):

HEOAKEFRZTIREN, FHEREHAN(B)ITE:
Va=(}Vn)/N

Va=(}Vn)/N

(B.2)

(B.2)

where

TEWmE

Va

tHED

is the average velocity in m/s;

BTIIEE, BAIAK/AD;

Y Vn is the sum of all the measured velocities (Vn) in m/s;
YVn @R NERE(Vn)BEHM, B4R m/s.

Vn

R

is the measured velocity at each of the grid cell centres in m/s;
EETMMRETRORNNERE, BAAK/AD;

N



N

is the number of locations at which the velocities (Vn) were measured.
ENERE(Vn)HNUEHEZ,

At least one point should be measured for each filter outlet or fan-filter unit.
ShNTIRSEE AN ETRERTEDNE— R

If the measured data is to be used to determine airflow volume flow rate as in B.2.2.4 or uniformity
of velocity as in B.2.2.3, then it can be advantageous to increase the number of measuring points
(grid cells).

MBENEHIEAFRESTAIRTEG B.2.2.4)REEH OGN B.2.2.3), WHLHINE &S (RS #7358
HWETTgERE .

For smaller areas, it can be necessary to increase the number of measuring points (grid cells) to
improve the likelihood of detection of uneven airflow velocities.

NFRNKE, FIERBREMNER(MBET)IIRE, URSNFSSTREERN A&,

The measuring time at each position should be sufficient to ensure a repeatable reading.Time-
averaged values of measured velocities should be recorded for multiple locations.

SMUBERNEN BN EUBFRIEEATES, WAZMIERERNERENETIE,

NOTE 1 If the supply airflow velocity is measured too close to the source, there is a risk of
measurement error due to variable airflow distribution.If the supply airflow velocity is measured too
far from the filter face, the measurement reading can be compromised.

A LINRENEFENEGERLINE, BTFASHEN, FEUERENNIL, NREKEENER
BESRENE, NERKAIEIREIF M,

NOTE 2 A temporary barrier can be used to exclude disturbances to the unidirectional airflow.
v 2:IImBY R R] A FHIFR XY B SRA T,

B.2.2.3 Uniformity of velocity within the cleanroom or clean zone

B.2.2.3 BAESEEXAEREY M

The uniformity of velocity can be measured according to B.2.2.2 or as agreed between customer
and supplier.

ERERISM R LRYE B.2.2.2 S A AN Z BN EHITNE,

NOTE When production apparatus and workbenches are installed, it is important to confirm that
significant airflow variations do not occur.

A HREEFRENTESH, EENEMIASAEEZNRT N,



The data to be used to determine the uniformity of velocity and maximum deviation, i.e. the
velocity and its variation, should be agreed between customer and supplier.

ATFHREREIIENRARMENLE, RENREZN, MAZEFAMIHNEEE.

The standard deviation and mean average should be calculated from the velocity readings and the
uniformity of velocity, UV, obtained with Formula (B.3):

TEREN I NARE R ERMAREIIE(ERIMND)ITE, REHIEHA(BI)RSE:
UV =[1 - (c/Va)] X 100

uv =[1(o/va)] X 100

(B.3)

(B.3)

T s PaY) 5 9 97 T 9 5 5y T
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where

e E

o is the standard deviation;

o BWEE;



Va is the average velocity.

Va B R E,

The maximum deviation of velocity, Dmax, is calculated with Formula (B.4):
EEMRAMRE Dmax AAR(B4)itHE:

Dmax = [(Vd - Va) / Va] X 100

Dmax = [(Vd - Va) / Va] X 100

where

EME

smaxis the maximum deviation in %;

smaxis RARE, FUN%;

Va is the average velocity;

Va B FI9HE,;

Vd is the reading with most variance from the average.

Vd B5FIEEBRRARIEH.

B.2.2.4 Supply air volume flow rate calculated from the velocity measurement
B.2.2 4 U ARIEFERENEHENTSARRE

(B.4)

(B.4)

The results of the airflow velocity test carried out in accordance with B.2.2.2 can be used to
calculate the total supply air volume flow rate with Formula (B.5):

RE B.2.2.2 #THRRMEEIRENERTATIHEAN(B.S)FHEHSEIRNRE:
Q=2(VnxAq)

q =oo(VnxAc)

where

T E

(B.5)

(B.5)



Ac is the cell area which is defined as the free area of the media divided by the number of
measuring points (grid cells) in m;

Ac ZBTER, EXANHREIEBERFFU m FlER(FSETT)RIRE;

Q is the total air volume flow rate in m/s;

qQBERTRARRE, BAAK/FD;

Vn is the airflow velocity at each cell centre in m/s;
Vn B8 1MEMPONTREE, LKA,

Y is the summation for all cells.

ZIEFEEETE*%E’JIL.\*DO

NOTE The accuracy of the air volume flow rate, when calculated using this method can be
influenced by many factors, such as;choice of test apparatus, choice of measuring locations, number
of measuring points (grid cells), distance from filter face and calculation of open cell area.

A BERIT AR, SRATUAENERESRIZREANEM, FlaMiRErEE. NEl
BiEE. NEBR(WBRT)NHE. EdEERENERURALERNITE,

B.2.2.5 Supply air volume flow rate calculated from velocity measurement in air ducts

B.2.2.5 HNARIEXN ERREENEHENTSAIRRE

Supply air volume flow rate in ducts may be determined by using apparatus such as orifice meters,
Venturi meters, pitot static tubes and anemometers.

EERIHREREFBIERAMRAET. XEERET. RIEEMNEITFIRERRAE.

In cases of the measurement by pitot static tubes and manometers or anemometers (thermal or vane
type) for a rectangular duct, the measuring plane in the duct should be divided into measuring
points (grid cells) of equal areas, and then the airflow velocity should be measured at the centre of
each cell.The number of measuring points (grid cells) is agreed between customer and supplier.The
air volume flow rate should be evaluated in the same way as defined in B.2.2.4. For a circular duct,
the air volume flow rate by pitot static tubes may be determined by the procedure as typically
described in ISO 5167-5[] .

EAREEMEDTSHNEFAIHAR)NERTEBERT, EEFHNETENS RERES

FUNE R (M8 ET), ARESMETHNFONEREE, /U"Jzﬁ(lﬂﬁ&ﬁm)ﬂ’ﬁkzﬂa%)ﬁ*mﬂfﬁﬁ
Eo TERMHRRENIUS B.2.2.4 FEXWHERGNEITIHE. WTEFEE, REENZEETUARAER
BT E PR E B 5167-5[ P E AR IR F R HE,

NOTE When measuring supply air volume flow rate, there can be differences between the
measuring methods by filter face velocity and measurement in the air duct.

/EE ém“%{ %/}L —_I- /ﬁ%ﬁ%ﬁﬁ r_E’J/mjijj_/f*ﬂﬂl_q]E’J/J\Jiﬁlf_.[ ﬁﬁﬁjﬁlﬁlo

T o s PIEY) 99 9 97 T 35 9 5 9
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B.2.3 Procedure for non-unidirectional airflow test
B.2.3 FFRESRVIAIZF

B.2.3.1 General

B.2.3.1 iR

In some cases, measurement of supply airflow velocity from individual outlets is necessary to
determine the air volume flow rate from each outlet[].

ARLEFELT, MERNMHONENEEN FHES M AMNNEREEZHEN],
B.2.3.2 Supply air volume flow rate measured using a capture hood
B.2.3.2 EBHESNERSAERRE

Because of the effect of local airflow turbulence and jet velocities issuing from an outlet, use of an
airflow capture hood that captures all of the air issuing from each final filter or supply diffuser is
recommended.The supply air volume flow rate is measured using an airflow capture hood with a
measuring device, or the air velocity of the air exiting from an airflow capture hood multiplied by
the effective area.The opening of airflow capture hood should be placed completely over the entire
filter or diffuser, and the face of the hood should be seated against a flat surface to prevent air
bypass and inaccurate readings.When an airflow capture hood with measuring device is adopted,
the air volume flow rate at each final filter or supply diffuser should be measured directly at the
discharge end of the hood.



BT M OREBRE R RANSTARENR N, BNERRMBRERBRMNE TR EEHENM
Y B REBFEE S, FATENERENIRBREKNERSEIRE, WERMNRHRE
HUENZSNZ[RRERUERER, URBERENAONTEBER MRS B, ENREAN
MEEFENRE, UMETSERNIZENER, SRXRATNERENTRMBIAEN, NESHHRR
BERNESMRATERAHENYT HRNZTFRRE.

The accuracy of the airflow capture hood should be verified to show that it gives accurate results for
the type of air outlet being measured, and a correction factor should be applied if the results are not
accurate.The correction factor is related to the flow.It corresponds to an in situ check and is based
on the difference between the reference measurement in air ducts and the air outlet.Also, in case an
air outlet is fitted with (swirl) diffusers the airflow capture hood can be adapted for the flow type of
the diffuser.

NIERHR SR AR, URAHSH TRUSHORBNERER, MRERTER, NYA
RIEZH. RERBSAREER. EXNTRZRNE, AETFNEMBEXNONSENEEZENES.
te5h, MRE[SHOFEBCRA)Y &8, [SABREERTY MamohRE,

B.2.3.3 Supply air volume flow rate calculated by velocity measurement

B.2.33 @I EENEITENTSETIRRE

T s PIEY) 39 9 97 T oy 99 5 9y T

Evaluation of the supply air volume flow rate without an airflow capture hood may be done with an
anemometer downstream of each final filter. The supply air volume flow rate is determined from the
airflow velocity multiplied by the corrected (free) area of exit.A temporary barrier may be used to
exclude disturbances to the unidirectional airflow.

EREARHERENERLT, JUERENREATIESE THINXERITKTHEESERE, HIEMER
SREEFRLMEEN(BR)HOERBE. IGHYREERATHBRYRRSRNTH.

For the number of measuring points (grid cells) and the calculation of supply air volume flow rate,
refer to B.2.2.2 and B.2.2.4, respectively.

KT NER(MNBRT)HREMNEXNAFIRRENITE, 23180 B.2.2.28 B.2.2.4

If it is impossible to divide the plane into measuring points (grid cells) of equal areas, the average
air velocity weighted by area may be substituted.

MRTERTEY D HAEFERNER(MEET), TUBERMREFHERERAE,

The accuracy of the air volume flow rate, when calculated using this method can be in influenced
by many factors, such as;choice of test apparatus, choice of measuring locations, number of
measuring points (grid cells), distance from filter face and calculation of open cell
area.Consideration should be given to these potential variations when performing this test.

TRARERVERN, HEAXMAETER, SRITFZARMNTM, FNRigErER. Ve
UERER. NER(MBET)MNKRE. ETESRERERURALERNITE, #TiZlEy, NE
FERXEBTERNE K,



B.2.3.4 Supply air volume flow rate calculated by velocity measurement in air ducts

B.23.4 BINERHNEENEHBEHN=ETUAE

Supply air volume flow rate in air ducts should be determined in the same way as defined in
B.2.2.5.

XEFRBERETRERN L B.2.2.5 R EXHEE D HHEE

B.2.4 Apparatus for airflow tests

B.2.4 W/)IL/)”IJEVLX%

Descriptions and measurement specifications of apparatus are provided in C.3. For airflow velocity
measurements, ultrasonic anemometers, thermal anemometers, vane-type anemometers, or their
equivalent, can be used.

RERAMNENTEES 3 ThiRM. WTFIARENE, FJUERABRRNET. RXET, A
UK B EF o

For supply air volume flow rate measurements, airflow capture hood, orifice meters, Venturi meters,
pitot static tubes, averaging tube array and manometers, or their equivalent, can be used.

SHFHETSHNETFURENE, AIUERSAERE. FUIRREIT. XEEREIT. RIETE. FHER
FIFEAITHENNERY.

Airflow velocity measurements should be made with apparatus that is not affected by point-to-point
velocity variation over small distances, e.g. a thermal anemometer can be used if small grid
divisions are

SRRENENERARNEB RN REETURMNEE, F90, MRS A
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18

Copyright International Organization for Standardization Provided by IHS Markit under license
with Standards Council of Canada No reproduction or networking permitted without license from
IHS

EfrtnERALRRINARE, HERIEERADRHRIBEMEXRTEZASTARM, REERFRIZER
SVFR], NSERIEECN

ISO 2019 - All rights reserved
EFrtrE AR 2019 -REFIBEF

Not for Resale, 09/15/2019 20:39:20 MDT
TEHEE, 20194 15 89 H 20:39:20 MDT

ISO 14644-3:2019(E)



EIFFAT LR 4R 14644-3:2019(2%)

selected and additional measuring points (grid cells) are used.On the other hand, a vane anemometer
can be used if it is sensitive enough and large enough to measure average air velocity over a range
of variation.

EREENMMMBNE R(MBETT), Z—HH, MRNFITEBRE. BBKA, EBNE—RIITNK
SEEREFHEEE, WA LUERKZETT,

The apparatus chosen should have a valid calibration certificate.
Frit(¥ 28 Nz BB B MAIRUEIE .

B.2.5 Test reports

B.2.5 Mtk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEZPANHNEZERI, MRS 5 FFTRIERUTESMEUE:

a) type of tests and measurements, and measuring conditions;

a)it AN 2R R AR N B 5 14

b) type designations of each measuring apparatus used and its calibration status;
b)EANE NNEMNEE SRIFRARERTS;

c) measuring locations and the distance from the filter face;

o) ME( EMELIEERIIES;

d) occupancy state(s);

() EARS;
e)
e)
f)
f)

result of measurement;
MELER;

other data relevant for measurement.



5NEMExEMEE,

B.3 Airflow direction test and visualization
B.3 S A M AT

B.3.1 General

B.3.1 #fiA

The purpose of airflow direction test and visualization is to demonstrate that the airflow direction
and its uniformity of velocity conform to the design and performance specifications.

A7 RMAAM AT AR R B BYRIEPR SR 5 M R HEE I SR Skt A e,

Computational Fluid Dynamics (CFD) used as a predictive or analytical tool is not considered in
this

HERANAZ(TEREH AR EATMNFH DT TR, FLHAREE
NOTE 1 document.
1 X,

NOTE 2 Tracer thread methods may not give a true indication of the direction of airflow due to the
tracer material's characteristics, e.g. weight of the thread.

AR 2 BT RIS, GIMNBSES, RERIEST5 /AR Re R EBAS UM A MRV E S8 T,
B.3.2 Methods

B.3.2 /5%

The airflow direction test and visualization can be performed by the following four methods:
SR EMWEA BT BT LU LA Pafh 75 A # 1T

a) tracer thread method;

a)RERIRSUE

b) tracer injection method;

b)RERFENTTIE;

c) airflow visualization method by image processing techniques;

0)BE BB IER AN SRR E;

d) airflow visualization method by the measurement of velocity distribution.



d)iEENERE DR R %

By methods a) and b), airflow in the cleanroom or clean zone is actually visualized by the use of
fibre tracer thread, or tracer particles.Devices, such as video cameras, record the profiles.The fibre
tracer thread or tracer particles should not be a source of contamination and should follow the
airflow profile accurately.Other apparatus such as a tracer particle generator, and high intensity light
source may be used for these methods.

7375 a)flb), EEEIEAXFRIUAK I L@ R ERERATNRIR FRAN L. RENF
RERIERXENR, FERIREAIRERFRANEASRIER, NAERRERRD . XEFARLUE
REMIZE, FIUIREAFAXESNSRELIR.

Method c) is used to demonstrate quantitatively the airflow velocity distributions in the cleanroom
or clean zone.The technique is based on tracer particle image processing techniques using
computers.

FEORTEERREFEITRXNIARED T, ERAERTERITENIRERN FEGRLERAK,

Care should be taken to ensure that the personnel undertaking the test do not interfere with the
airflow patterns being investigated.

R/NOHRREITIIHBIA RS FIHERRAERN SRR

NOTE 1 The airflow is affected by other parameters such as air pressure difference, air velocity, and
temperature.

A 1 AR EMBHHIRNE, IESEE. SVEENEE,
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NOTE 2 Appropriate airflow visualisation techniques best assess the effectiveness of air distribution

in unidirectional airflow cleanrooms, clean zones and controlled zones.However, the method can
also be used in non-unidirectional areas.

A 20EER R AU RARRIF I EEESREEE. FRAKMRIEXPIRDBHER L. A,
B AR L AT IERR X,

B.3.3 Procedures for airflow direction test and visualization



B.3.3 SaA ML eI R{bizF
B.3.3.1 Tracer thread method

B.3.3.1 RERESUE

The test is carried out by observation of tufts, e.g. silk threads, single nylon fibres or thin film
tapes.These are set on the tip of support sticks or mounted on the crossing points of thin wire grids
in the airflow.They provide visual indication of the airflow direction and fluctuations due to
turbulence.Effective lighting will aid observation and recording of the indicated airflow.

ZRBE MR ERIATT, HlNLs,. RRERTHITHRT., SIMRIKBEESEMTHITNRNE REE
[RPALMIEHIRER = Lo ENHRESURA MARRS AR ITER. BRI EE T
FMERIBETHRR.

B.3.3.2 Tracer injection method
B.3.3.2 RERFLENTT A

The test is carried out by observation or imaging of the behaviour of tracer particles, which can be
illuminated by high-intensity light sources.The test provides information about the airflow direction
and uniformity of velocity in a cleanroom, clean zone or controlled zone.The tracer particles can be
generated from materials such as de-ionized (DI) water, sprayed or chemically generated alcohol/
glycol, etc.The source should be carefully selected to avoid contamination of surfaces.The desired
size of droplets should be considered when selecting the droplet generation method.Droplets should
be large enough to be detected with the available image processing techniques, but not so large that
gravitational or other effects result in their motion diverging from that of the airflow being
observed.

BIMEH AL GRERALFBVITARSITIL, RERRF A R ERECORRS ZMRH TERE.

BARRIFEXRARASRAMREIIERNER. RERRFRIUBENESFK. BESHLFERE/
CEEMRER. NFMEREKR, BRSRERE, EFRRBERGEN, NEERBNERRY,
RHENZEBA, JURANENEGRLERALNE, ERERFENHEMEZIMSHENREEHRE
IR UARRIBE,

T o s PIEY) 39 9 97 T 95 99 5 9y T

B.3.3.3 Airflow visualization method by image processing techniques
B.3.3.3 B EGAER AR SRAI I &

Processing particle image data derived from the method described in B.3.3.2 on video frames or
films provides quantitative characteristics of airflow by way of two-dimensional air velocity vectors
in the area.The processing technique requires a digital computer with suitable interfaces and the
appropriate software.For greater spatial resolution, devices such as a laser light sources can be used.

TEARSMmI s A LN IEM B.3.3.2 AR AT RIRRI FEIGEHE, B ZKEN_ g NREXRER
HIRNEERTE. XMVERAFTE-—SAFEEEOMEIRENBRFIHEN. ITREESHNT
ED¥EE, A UERBCEREFRE.



B.3.3.4 Evaluation of airflow distribution by measurement of velocity distributions

B.3.3.4 @I NERE D HITETRD
The velocity distributions of airflow can be determined by setting air velocity measuring apparatus,
such as thermal or ultrasonic anemometers, at several defined points in the cleanroom or clean zone

under investigation.Processing of the measured data provides the information about the airflow
distribution.

SRNEE DA LB RS AZEREEMARIERXN/ L RERIRETVERENEXERAE, 5
YRGB AR AR, MEHERILIBRE T X FTRPHHER.

B.3.4 Apparatus used for airflow direction test and visualization

B.3.4 BFSRA RN MLIgE

The apparatus used for the airflow direction test and visualization is different for each test
method.The apparatus suitable for each test method is given in C.4, Table B.1 and B.2.

BFSRARMRAM AR ERSMHNIR AR, C4. RB1MB2AHTERTEMALGZE
NG

Table B.1 — Materials or particles used in tracer thread or injection methods

& B.1 —RERIRGEE ST 75 A E AR R B RAL

Item Description

Material used in the tracer thread method Silk thread, cloth, etc.

Particulate method used in the tracer injection | DI water or other fluid mist of 0,5 m to 50 m in

method diameter.Bubbles of neutral density in the air at
the measuring location.Organic or inorganic test
fog.

Image recording devices for recording the Various devices, such as photographic cameras,

visualized pictures or images of tracer particles |video cameras, including high-speed or strobe or
synchronized functions and image recording
devic-es, used in flow visualization procedures.

e R

TERBACER AR “i%. %,

RERENIE R E R BIRHALE B2/ 0.5m E 50 m WEBFKEHEMAEE,
MELE E SHRPEEENSE. BN




AFRRREAFHARLE R S EGHEGIZR
&

Biigd, WREN. BE&Y, SESERITAE
EZEEMEGICREER, BT RARLER,

After flow visualization, it is generally necessary to re-clean the cleanroom or clean zone.

nEEAtE, BEREEMFIEAENE 2K,
NOTE

AR
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Table B.2 — Illumination light sources for airflow visualization

& B.2 —URAILIREAYER

Item

Description

Various illumination light sources for contrasted
obser-vation or imaging of airflows

Tungsten lamp, fluorescent lamp, halogen lamp,
mercury lamp, laser light sources (He-Ne, argon
ion, YAG lasers, etc.) with or without
stroboscope or synchronized devices to the
recorders.

Image-processing technique for quantitative
measure-ment by flow visualization

Laser light sheet method, consisting of high-
power laser sources (argon or YAG laser), optics
including cylindrical lens, and a controller,
where two-dimen-sional airflows are visualized.




Wil=| R

BTSRRI HEREA R AT TtdT. MR, R BUCOER(ER. &
Bf. LnaBERES). JHFRERATEMA
NN IEREBHIE T EE,

AR E ENERE G ERA HOCERE, BRMRBUR(REZRAEARN
%), BIEEEBENCFRANITHIZRAEN, HPA
SR AT

B.3.5 Test reports
B.3.5 Mtk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEFPANHNEZERI, MIRERE 5 FFTRIERUTESMEUE:

a) type of tests, method of visualization and test conditions;

a)iR KR, AIA LA AN SR

b) type designations of each measuring apparatus used and its calibration status;

b)EANE N NEMNBHNE SAMRERERS;

c) visualization point locations;

O M RAE;

d) images stored on photographs or any other recording media, or raw data for each measurement,
dFEERFREAMEMIERARENES, S8 XNENRGBEHIE,

in the case of the image processing technique or the measurement of velocity distributions, if
specified;

FEGOERAIEEDHNENERLT, MREENIE;
e)
e)
f)
f)



a plan of the exact location of all apparatus should accompany the flow visualization report;
MENA IR E N B E IR ERVERMUE TR,

occupancy state(s).

E AR

B.4 Recovery test

B.4 tiE izt

B.4.1 General

B.4.1 #iiA

This test is performed to determine the ability of the installation to reduce the concentration of
airborne particles by dilution.Cleanliness recovery performance after a particle generation event is
one of the most important abilities of the installation.This test is only recommended for non-
unidirectional airflow systems as the recovery performance is based on the dilution and mixing of
the air found in non-unidirectional airflow systems, and not unidirectional airflow systems, where
contamination is removed by the unidirectional flow of air.The recovery performance of a non-
unidirectional cleanroom is affected by air distribution characteristics such as ventilation
effectiveness, thermal conditions, and obstructions.The recovery test can be performed using an
LSAPC or an aerosol photometer.When an artificial aerosol is used, the risk of residue
contamination of the cleanroom or clean zone should be considered.

HITZIREEN THEZEEBIHRRRERE[SPTAIRENED. FHEREHEIEEERENE
RREREBNENZ— HARMNEFATIERRASARS, BARKREEETIFERTARATLR
HHNZ=SHENES, MIFRRTARS, BRASRRASKTHSRBIRERATRER. FREEFE
FIME MR T IO MRERIRM, MBXER, AFAHENERY. EWIXiLe] UER LSAPC S3A
BIACEIT#HIT, HEAANSFARE, NEEREFEHEFXARSIAINL,

B.4.2 Cleanliness recovery performance
B.4.2 BEEREEEE

Recovery performance is evaluated by using the 100:1 or 10:1 recovery time and/or the cleanliness
recovery rate.The 100:1 or 10:1 recovery time is defined as the time required for decreasing the
initial concentration by a factor of 100 times (or 10 times).The cleanliness recovery rate is defined
as the rate of change of particle concentration by time.It is possible to estimate both of these from
the same particle concentration decreasing curve.The measured concentration levels used should be
taken from inside the time range where the decreasing of particle concentration is described by a
single exponential, indicated by a straight line on a semi-log chart (concentrations on the ordinate
by the logarithmic scale, and the time values on the abscissa by the linear scale).Moreover, the test
concentration should not be so high that coincident loss occurs, or so low that counting uncertainty
occurs.

I fEA 100:1 8¢ 10:1 BYRERSEIF/EEEERE RRITAIE MR, 100:1 8¢ 10:1 EIULEFEIE X 79
R RE R 100 23X 10 2)FrEREdiEl, BEEMERE X AFRIRERRERNZNR, KBRS
IR E TR R LIS AE R, FTRRNNEREKFNEENESEERN, EZNEEER, M



KR EE BB X4 3B _ RV B LR (AT LRRE B BRZIERR, B4R LR EERZIEZE
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The purpose of the recovery time test is to evaluate an actual time interval for the concentration to
reach target cleanliness level after the particle concentration in the cleanroom or clean zone has
temporarily become higher due to planned maintenance shutdown, or unplanned plant failure.The
purpose of evaluation by recovery rate is to establish the local ability to recover the cleanliness after
the particle concentration around the measuring point has temporarily become higher.The slope of
decreasing curve on a semi-log chart indicates this local ability.

S BEINR By B AR IHETE S S ES0E # X P BIBRIRE BT RIZER EH a0t RIS T SEmE iy
TEfE, REXE BNEFEKTRKEERIEER. EWRITEHEETENE B ERIRNIRE &Y
TafE, BIUMEFEENREREEN. FIHE L@ RERIRRRAXM/EEREES.

The 100:1 test is not recommended for ISO Classes 8 and 9.
X FEFRFRERLELR 8 4hF0 9 4K, AEINGHTIT 100:1 M,

NOTE The measurement of the recovery rate not only gives the recovery rate but the air change rate
per unit of time at the location where the measurements were made.If the local air change rate at the
location is compared to the overall air change rate in the cleanroom, the effectiveness of the
ventilation system in providing clean air at the measuring location can be obtained.

AR ER NG TEIWER, BeHTNEUERUNBANTSTAE, NRFZUENFER
TREURSEFENBEATSTARHTILR, ATURSENRZGENEUEREEFZERE.

B.4.3 Procedure for recovery test

B.4.3 REMRIZR



B.4.3.1 Selection of measuring points

B.4.3.1 N& = REEF

Place the LSAPC probe in the working plane at appropriate location(s) (which can include critical
locations or suspected worst-case locations).The measuring points and number of measurements
should be determined between the customer and supplier.It can be inappropriate to choose

measuring locations that give recovery performances not representative of the cleanroom, such as
under an air terminal without a diffuser.

& LSAPC HkMETFFENE S E(BEXBUEBHAIRNSIFERNLER). NESMNERENH
EPMENERE, EEMEMEFIAREFENNEVERAGE, HINELEYT HSNE[KL iR
T,

B.4.3.2 Test method

B.4.3.2 Mk 5%

Care should be taken to avoid high airborne concentrations of particles that can cause coincidence
error and contamination of the LSAPC optics.Before testing, calculate the concentration required to

carry out the recovery test.If the concentration exceeds the maximum concentration of the LSAPC,
where particle coincidence will occur, use a dilution system.Testing procedure:

RoERBRTESPERENNF, XENFERSRETIREM LSAPC XFHEHRISR. MWikal, 8
FHITEIBCIAFrRRARE, NRKREBT LSAPC IREARE, ERNSHIFNES, NWERHEERS.
Mz

a)

a)

set up the particle counter in accordance with the manufacturer's instructions and the apparatus
calibration certificate;

RIEHHE BB BAM N SERUEIE IR BN FITIES;

b) the particle size used in this test should be less than 1 pm. It is recommended that the size
channel used by the LSAPC corresponds to that of the maximum number concentration of the
aerosol;

bR R ERMSHRIR TR/NF 1 pme EIX LSAPC EEMNRTBESSARB AR ERENEEE
XF N

0)
C)

the cleanroom area to be examined should be contaminated with an aerosol while the air-handling
units are in operation;

SSMBEBETH, FRENESERATRSARTR;



d) raise the initial particle concentration to more than 10 or 100 times depending on the target
cleanliness level (see Note 1);

dIRIEEANEEEKTE, BBFAIRERSE 10 5 100 FI E(FRE 1);

e)

e)

f)

f)

commence measurements at not more than 1 min intervals and record time and concentration.
SRAED 1 2HFENE, HicREEMNRE,

The results of the decay of the logarithm of the particle concentration should be plotted against time
to ensure that the results used are where the decay is exponential, i.e. the decay line is straight, and

not at the beginning where the decay has not been established, or at the end where the background
count in the cleanroom reduces the decay rate.

FRLREN RS RNER A%, URREANERERARAN, IRBEZRERN, MARE
REBIURBHFRL, NEETEFEERITBEFRRRAEARNERL,
NOTE 1 The target cleanliness level can be either the design cleanliness level, the level established

by testing according to ISO 14644-1 at the at-rest condition, or an alternative agreed cleanliness
level, assuming that the level is at a point on the decay graph where the decay is exponential.

* LEtREEEK TR UZRITEEEKT, WA URRIEERTENAR 14644-1 7E521E S 4T
BIHKE, HERS —IRAENBEEKT, RRZKFUTREE LRTHEH R

NOTE 2 If necessary, an alternative, but less convenient method, can be to turn off the ventilation
system, add the test particles, mix with a room fan if needed, and turn on the ventilation system.

A 2MBLE, Z—MAXBENAEZRXABRRYE, MMUNATN, NEHE, SEANBES,
FHITHBRARS.
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B.4.3.3 Evaluation by 10:1 or 100:1 recovery time
B.4.3.3 #%88 10:1 5% 100:1 By E B {8l 1 TiT(4
Evaluation procedure:

THhIZRE:

a)

a)

note the time when the particle concentration reaches the 10X or 100X target concentration
threshold (t10n or t100n);

ARTRDREIXES] 10X 8 100X BFRRES{E(t10n 5% t100n)AYETE];

b) note the time when the particle concentration reaches the target cleanliness level, tn;
b)IERBHIREAE BARESE tn AYEY(E];

c) the 10:1 recovery time is represented by t0,1 = (tn — t10n);

0)10:1 kE R8BI t0, 1 =(TN t10n)&xR,;

d) the 100:1 recovery time is represented by t0,01 = (tn — t100n).

d)100:1 " E BB t0, 01 =(TN t 100n)FRTo

B.4.3.4 Evaluation by recovery rate

B.4.3.4 [E|WZRiF{H

Recovery performance can be determined from the slope of the particle concentration decreasing
curve, as follows:

MBTRLRE T B B £ BRI R A] LA RE Ik 188, 90 P

a)



a)

commence measurements and record time and concentration continuously.Sampling time should be
as short as possible but sampling should be such that the count has statistical relevance.Time
intervals between the samplings should be as short as possible;

FaMEHESRICRIENIRE, REFRBINRAJEERE, EXRFNETSREERITEXSE. REFEZE
B B)iB]FR N R AJ REE ;

b) plot the data of decreasing particle concentration on a semi-log chart (concentrations on the
ordinate by the logarithmic scale, and the time values on the abscissa by the linear scale);

b)TEF X EE AT BHIRE R EBIR(N LT ERURE X BARE, BT ERIREIERLMRE);

c) decide higher and lower concentration limits as to the decreasing curve measured is accepted as
almost straight line;

OfERSHBRIRAIRERIR, RANEN TEMEREZAILTFES;
d) cleanliness recovery rate is obtained from the slope of the line between the higher and lower
d)FEEMERMNRESMNRIEZENELAREKIRE

concentrations.The cleanliness recovery rate between two measurements is calculated from Formula
(B.6):

RE. MRNEZEREEERERHAN(B.6)IHESH:

r

tt
tt
C
C
C=-x-(l[1)1100,1log (B.6)

c=x([\/l100, 3t%(B.6)

Ty s PIEY) 39 9 97 T a5 99 5 9y T

where

TEWmE



Co
TELKB
C1

C1

is the higher concentration at t0;
t0 BRERE;

is the lower concentration at t1.

i t1 BRIEIRE,

is the cleanliness recovery rate;

/ﬁ /nr_@”f(

t1 — t0 is the time between measured concentration crosses CO and C1;
t1 t0 @MEREZF# CO F C1 Za]pyBtia];

NOTE The ventilation effectiveness of a critical location or locations in the cleanroom can be
determined by comparing the recovery rate at the location or locations with the overall recovery rate
of the cleanroom.When the air and the contamination in the cleanroom are perfectly mixed at the
start of the recovery test for the cleanroom, the overall recovery rate of a cleanroom is the same as
the air change rate of the cleanroom.Therefore, the ventilation effectiveness can be obtained by
comparing the recovery rate at the location or locations with the air change rate of the cleanroom.

EOEAZER— NSO XBUENEBREERAT BT ZUEN S MIBENEIWRERSEEZR S EU

Lﬁtt%&%ﬁﬁ/&o HEEENT IR %E%ﬁréWEJUJlﬁﬁ&éNr—cé}tn.:.E]‘, BRENEMER
5FFAENT[STAEMER. FHlit, JUBEIR—ITHEZMIENORRSEAENTIEURHITLL
BRRRGBEBXEE,

To obtain comparable values of the recovery test, it is necessary to consider the influence of the
temperature difference between incoming air and the recovery performance test point, which causes
changes to the airflow in the cleanroom.This temperature difference can vary between the at-rest
and as-built conditions, due to changes in the heat gains in the cleanroom, and between the different
requirements for seasonal warming or cooling.The temperature differential between the incoming
air and recovery test point should be measured.

ATRELWORIENFATLLE, BREZBHESMOWtRRER ZEIEERNFME, XTEERSEE
ESRNEN. AFESFERPMETNTN, BEMRIFHZERVEERIERR, FENEHENER
MAREERZ BB REWBATEERE, Eiﬂﬂ%iﬁ_’—:\ﬂl@Hﬁziﬂﬂﬁt,mZmﬂE’Jm%o
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B.4.4 Apparatus for recovery test

B.4.4 mEiXI0i%E

The apparatus listed below can be used for a recovery test:
Trlg&E R B FIRENR:

— aerosol generator and artificially generated aerosol, which have the same characteristics as those
described in C.5;

—BRREBMALFENTAR, HFFESSE 5 THERRMER);

— light-scattering airborne-particle counter (LSAPC), which has the efficiency described in C.8;
— RN TSR FITERES, HBERU 8 R,

— dilution system, if necessary, as described by C.5.4;

—MBHE, BERSR, WC.5.4FMR;

— thermometer.

mEIt.

A recovery test can also be carried out using an aerosol photometer.

Bl Ie th AT UE R VAR E 1T#1T,

NOTE



AR
B.4.5 Test reports
B.4.5 Mtk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIER AN Z BRI, NIRERSE 5 FAMRIERUTE B MESE:
a) type designations of each measuring apparatus used and its calibration status;
a)Ff AE N NENENESEMEERERT;

b) number and location of measuring points;

b)ME SR EBMIE;

C) occupancy state(s);

o) HARE,;

d) result of measurement.

dMELR,

B.5 Temperature test

B.5 BE MK

B.5.1 General

B.5.1 #fiR

The purpose of this test is to verify the capability of the installation to maintain the air temperature
level within the control limits and over the time period agreed between the customer and supplier
for the particular area being tested.Refer to ISO 7726[] and other related documents for details of
suitable test methods.

ZIR Y B BB IIERFEE I HISE B A AR £ 2 P AL il 145 E I E BB Bl R R = UR
BEKFREE, BXAEENRAENFAER, FEEZEGRAENAR 7726)FEMBX M.

B.5.2 Apparatus for temperature test
B.5.2 RENR L&

The temperature test should be performed using a sensor that has accuracy as defined in ISO 7726,
[] for example:

BEMRNR AR EMRENAR 7726()FE X NFEHENEREHT, HIa:



a) thermometers;

a)REIt;

b) resistance temperature devices;
b)EERERE;

c) thermistors.

c)ABEEFH,

The apparatus should have a valid calibration certificate.
BN AEBERIRAEIEFR,

B.6 Humidity test

B.6ZENH

B.6.1 General

B.6.1 #fiR

The purpose of this test is to verify the capability of the installation to maintain the air humidity
level (expressed as relative humidity or dew point) within the control limits and over the time
period agreed between the customer and the supplier for the area being tested.Refer to ISO 7726[]
and other related documents for details of suitable test methods.

ALK BNEIIERER R P NHE B MR XA ERE BB AR = UEE K (LB EESE R
KR)RFEEHIRERNNES. BXEENAGEZNFAEER, BESZERMTENRAR 7726 )N H
KXo
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B.6.2 Apparatus for humidity test

B.6.2 BE MR L&

Humidity tests should be performed using a sensor that has accuracy appropriate to the
measurement as stated in ISO 7726[].

REMAN AR S EMRAREMALR 7726[ Pk N EFEERIE X233 1To
Typical sensors are:

HARERIEE:

a) dielectric thin film capacitor humidity sensor;
BN TUERERRTEERKES;

b) dew point sensor;

b) & 1L %2R

c) psychrometer.

o) FER.

B.7 Installed filter system leakage test

B.7 RERTIER MR

WARNING — The aerosol challenge can provide an unacceptable particulate or molecular
contamination within some installations.Some test aerosols can create a safety hazard under certain
circumstances.This document does not address any safety issues associated with these methods.It is
the responsibility of the user to consult and apply appropriate safety practices, risk assessments and
any regulatory limits prior to use of this document.

ELE RARNRE AT ESEREREEFTE AT EBEZHBAH D F5. EREBRT, —EIAKE
F=EMEERE. AXHFRTREXLEREEXNEARER#E, EFEAEAXEFZH, BRERES
WHNAEENRZ SRR, X EFE A EERS.

B.7.1 General

B.7.1 #h&



B.7.1.1 Methods

B.7.1.1 B

These tests are performed to confirm that installed filter systems with integral efficiency of 99,95 %
or higher at most penetrating particle size (MPPS) are properly installed by verifying the absence of
bypass leakage in the installation, and that the filters are free of defects (small holes and other
damage in the filter medium, frame, seal and leaks in the filter bank framework).Portions of the test
methods given in B.7 have been adapted from [EST-RP-CC034.4[].

HITXENAZA T BRI RTRESEIR, MIARENTESAFRNERURERANTENE
(MPPS) T/ 99.95%8EE, HEIEFKBERBOIIENF. ER. BEHANTIRFHEESRFHIFLAN
Hithisiif), B.7 P HAIE 2145875 7£E M IEST-RP-CC034.4[ A B 24wk o

These tests are not used to determine the efficiency of the filter medium.The leak test establishes
the level of leakage, relevant to the cleanliness performance of the installation.The tests are
performed by introducing an aerosol challenge upstream of the filters and scanning downstream of
the filters and support frame or sampling in a downstream duct.The test is applied to cleanrooms
and clean zones in as-built or in at-rest occupational states, and undertaken when commissioning
new cleanrooms and clean zones, or when existing installations require re-testing, or after the high-
efficiency air filters have been replaced.

XEMARA T HESETRNER, WRIAHE 7 51R&FEEEEXIRKTE, BTt
ERESINTARA, HESESINIEER Tl sE T e EFERERETUIR. ZWERT
RTEFEIRIRS TREEENE AKX, HERRMEEENERXE, HEREREZTEZENMNR
B, EERENE[IIEERHTT

Two procedures for filter systems with ceiling, wall or apparatus mounted filters are described in
B.7.2 and B.7.3. A procedure for duct mounted filters is described in B.7.4. The apparatus and
methods are different, with the method described in B.7.2 measuring a mass concentration using an
aerosol photometer and the method described in B.7.3 measuring numbers of particles using a
LSAPC.

B.7.2 1 B.7.3 iR T RTEIR. BEFEELRIIERNTERANANMER. B.74PERTEER
FdIRBENIERF. REMBGZEARRE, B.7.2 PERNAEAERSARNEITNERERE, B.7.3 PEk
75 EER LSAPC NEFHEHE,

B.7.1.2 Aerosol photometer method

B.7.1.2 SUAREEIT A E

The aerosol photometer method (B.7.2) may be used for testing:
SBRFEIHEB.7.2) eI BAFIR:

a) cleanrooms and clean zones with all types of air-handling systems;
A)HEEMTRREBERANETAENERK,;

b) installations where outgassing of oil-based volatile test aerosol deposited on the filters and ducts

b)LiEEMEE LN EREA MR AR FSNEE



is not considered to be detrimental to products and/or processes and/or personnel within the
cleanroom or clean zone.

AHONNNE R EE 2K AN~ G/ /A REE,

NOTE The aerosol photometer method can require a higher upstream aerosol concentration, when
compared to the LSAPC method.

E:5 LSAPC 7778k, [BRAERGAREREESHN LFEARIRE,
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B.7.1.3 Light-scattering airborne-particle counter (LSAPC) method
B.7.1.3 XN = SKFiH 88 5%

The LSAPC method (B.7.3) may be used for testing:

LSAPC 57%(B.7.3)rT AFMiat:

a) cleanrooms and clean zones with all types of air-handling systems;
A)FEEMTRRIBRAANERENE 2K,

b) installations where outgassing of oil-based volatile aerosol deposited on filters and ducts cannot
be tolerated or where the use of solid aerosol is recommended.

b) R RER NIRRT B EE LAHEIEA TS [HBWERAEGRTARNESR,



NOTE 1 This method requires a series of calculations to set up the method and can also require the
use of a diluter (see C.5.4).The calculations can be manual, through independent computers,
instrument linked computers, or within automated adapted LSAPC instruments.

A LZBEERE—RINTEREILZG XA, UARREERHZRSE(IN C.5.4), HEAILUEFohRY, &
IR BB XEEERITEN, NEEBEEN LSAPC (NEH#HTT.

This method can also be used with oil-based aerosol where outgassing can be tolerated.
XM EHNA AT HESER, EXMERT, FRISEUUEZEH.

NOTE 2

*2

B.7.2 Procedure for installed filter system leakage scan test with an aerosol photometer
B.7.2 BRBRAEITRETERFRABNIRARIZEF

B.7.2.1 General

B.7.2.1 #fi&

Preparatory steps are contained in B.7.2.2, B.7.2.3, B.7.2.5 and B.7.2.6, acceptance criteria in
B.7.2.4, the test procedure itself in B.7.2.7, and repair actions are to be found in B.7.6[][][].

EEFTEEEEB.7.2.2. B.7.2.3, B.7.25fB.7.2.6 A, BKIFEBEEB.7.24 %, MidiZFEARS
BEEB.7.2.7 R, #EHEEESTEB.7.6[11[1%.

B.7.2.2 Determination of probe size

B.7.2.2 st RN BVHAE

It is desirable to choose a probe which has a rectangular inlet in sizes of Dp = 1 cm and Wp = 8 cm
or a circular probe of diameter Dp = 3,6 cm.Dp is the probe dimension parallel to the scan direction,
expressed in centimetres; Wp is the probe dimension perpendicular to the scan direction, expressed
in centimetres.

R§F1%4E Dp = 1 EK. Wp = 8 ERAVRER, NO K Dp = 3,6 ERNERKRst. Dp B FTFHRERFAN
AR, BERKRT; Wp REETHBMARNRARY, BEXET.

B.7.2.3 Determination of scan rate

B.7.2.3 HiEKHE

The probe traverse scan rate, Sr, should be approximately 5 cm/s[].
RAEEIFEIRZ Sr 2979 5 R/ o

B.7.2.4 Acceptance criteria



B.7.2.4 BT

While scanning, any indication of a leak equal or greater than the limit which characterizes a
designated leak should be cause for holding the probe at the leak location.The location of the leak
should be identified by the position of the probe that sustains the maximum reading on the aerosol
photometer.

HiE, ERFFHATHEEMFRREFERTN SERAFRFTYRUE, MRNUENBEIR
FRBRAEITRARIRBBIIR LI ERAE,

A leak detected in excess of 0,01 % of the upstream mass concentration is deemed to exceed the
maximum allowable penetration.However, for filter systems of an integral efficiency at MPPS >
99,95 % and less than 99,995 %, the acceptance criterion is 0,1 %.

B EERERE 0.01%HHRKANBIRARITFESE. AM, WFERKNRRIRDIER=>99.95%
B/VF 99.995%B9 iR R 4E, ERIMVEN 0.1%

If filter systems of an integral efficiency lower than 99,95 % at MPPS are to be tested, a different
acceptance criterion are necessary, based on agreement between customer and supplier.

NRBNAEAINR R A BRLRRT 99.95%RIT RS, RIFEFPMNHNEZENN, BUEXRA
R ERYIE AT A

For actions to be taken to eliminate detected leaks, see B.7.6.
NFEREFE I HPRMONEIRHER, 551 B.7.6

B.7.2.5 Choice of upstream aerosol challenge

B.7.2.5 B SUARPkEL RIS

An artificially generated aerosol by Laskin nozzle, thermal generator or similar should be
introduced into the upstream airflow to achieve the required homogeneous challenge
concentration.The mass median particle diameter for this production method is typically between
0,3 m to 0,7 m with a geometric standard deviation of up to 1,7.

Laskin B, MAE[/FATERNTARNSIANLFIR, ARRENSSRERE, XMES~T
ENRERENFEEE 0.3m £ 0.7m ZjE, JUthERESE 1.7,

A guide to aerosol source substances is given in C.8.4.
C.8.4 48T ARIFYI s

NOTE

AR
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B.7.2.6 Concentration of upstream aerosol challenge and its verification
B.7.2.6 LSRRk EIRE R EISIE

The concentration of the aerosol challenge upstream of the filter should be between 1 mg/m and 100
mg/m.

diEes EFUARBRENTE 1 257/ KE 100 E5=/KZE,

Not all photometers are capable of using 1 mg/m as the upstream challenge.
FAEFRB LEITHEREEER 1 25/ KIER Lkl

NOTE

AR

Appropriate measurements should be taken for the verification of the homogenous mixing of the
added aerosol to the supply airflow.The first time a system is tested, it should be determined that
sufficient aerosol mixing is taking place.For such validation, all injection and sampling points
should be defined and recorded.

R RENE SN ERIERNN AR S HN UREIITREEG. BRWRAREN, VAERERET
RONRBRESG. WFXMIEIE, NEXFHIERAAEES RMEER,

The upstream aerosol concentration measurements taken immediately upstream of the filters should
not vary more than 15 % in time about the average measured value.Concentrations lower than the
average reduce the sensitivity of the test to small leaks, while higher concentrations increase the



sensitivity to small leaks.Further details as to how to conduct the air-aerosol mixing test should be
agreed between customer and supplier.

BEREIES EpH T EFUARIRENEETHNE ENBUANBI FIINEER 15 % KT T
BERREZFERIRE/ NRI SRS, MKBMRERIEMNNIERIEE L. XTFUOMETES-S
BARESRENESATNHAE A MENEEE.

B.7.2.7 Procedure for installed filter system leakage scan test

B.7.2.7 REMTIRA GO RIRENXZER

Prior to performing this procedure, the airflow velocity test (B.2) should be carried out. Where
installations are operated at different airflow velocities, the highest level should be selected for the
filter system leakage scan test.The test is performed by introducing the specific challenge aerosol

upstream of the filter(s) and searching for leaks by scanning the downstream side of the filter(s) and
the grid or mounting frame system with the photometer's probe as follows:

TEHRITIZREFZA, N#HTIREENRXB.2), SREURFNSMEEIZITE, NMEFERSKFEHT
WRARGUHRIEAE IR, BEEIIEE LRI NFENBSBR, FHERXETHRARETIEE TF
MFRME L EAERAFRIETMNT, HITWIR, WA

a)

a)

measure the aerosol concentration upstream of the filters according to B.7.2.6. This aerosol

concentration should be used as the upstream 100 % reference for the photometer.Downstream
measurements is then displayed as percentage penetration of upstream concentration;

R¥E B.7.2.6 MELIESE LFNARIRE, ZBARKRENAELEITR L 100 %5Z, TiElE
EETRALFERENSERDLL;

b) the probe should then be traversed at a scan rate not exceeding 5 cm/s using overlapping strokes
b)ABNZERAESNERE URNET 5 BEX/MHFEEE TR

(1 cm recommended).The probe should be held in a distance of 3 cm or less from the downstream
filter face or the frame structure;

(= 1 cm)o BRANRFEES MBS ENAERLEN 3 EXNERENEEA,
c) scanning should be performed over the entire downstream face of each filter, the perimeter of

each filter, the seal between the filter frame and the grid structure, including its joints;d)
measurements of the aerosol upstream of the filters should be repeated at reasonable time

ONESMTERNENTEE. 8NTRSNER. TRSFERMSMEAZ BINEZEH(BFEEREX) L
HITHM; d)diER EESSRNNENESENNEESEHTT

intervals between and after scanning for leaks, to confirm the stability of the challenge aerosol
concentration (see B.7.2.6).

HiEt Rz BN Z [FRIBSEEIRR, UHIASRGSUARORERIZE (T B.7.2.6).



B.7.3 Procedure for installed filter system leakage scan test with a LSAPC
B.7.3 A LSAPC #1722 & BB AR NLER

T o s PIEY) 99 9 97 T 99 99 5 9y T

B.7.3.1 General

B.7.3.1 #fi&

Preparatory steps are contained in B.7.3.2 to B.7.3.7, test procedure in B.7.3.8 and B.7.3.9.
acceptance criteria in B.7.3.4 and repair actions in B.7.6. An example of an application with
evaluation is contained in B.7.3.10.

EESREEEB.73.2EB.7.3.79, MifiZFE &7 B.7.3.8 1 B.7.3.9 1, BT EESTEB.7.3.4
&, HEEFEEEB.7.6 F. HHEMGHNNATRGIESTEDB.7.3.10 F

This method has a two-stage approach:
XM EERME:

— Stage 1: the clean side of the filter should be scanned for a potential leak.During scanning with a
LSAPC, detection of more than an acceptable count for given test conditions, Na, in sample
acquisition time, Ts, indicates the potential presence of a leak.In this case, the second stage should
be performed.If there are no indications of potential leaks, further investigations are not
necessary.The determination of Na is described in B.7.3.5 and Ts is described in B.7.3.8.2. The
procedure for stage 1 scan test is described in B.7.3.8.

—% 1 MR NAWTESRNEEERS A BTN, £A LSAPC HiEHiiE, FLEMRAFHT, @l
F@d A RR IR, EFmRENETs N, RABEEFEETR. AXMERT, NMZHRITE MR,
MRKBBEMFENLR, KRELEHE—TIFE, WRNETEB.7.3.5 FEk, TsEB.7.3.8.2 fEidk,
B EPENIXAERE B.7.3.8 himid

— Stage 2: the probe should be returned to the place of maximum particle count under each
potential leak and a stationary re-measurement should be performed.During the stationary re-
measurement

—% 2 NERR MR RIS REBEE TRRATAITHRUE, HVETEENERNE, THSER
MEHAE]
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with the LSAPC, detection of more than acceptable count for given test conditions, Nar, in
sustained residence time, Tr, indicates the presence of a leak.The determinations of Nar and Tr are
described in B.7.3.9.2. The procedure for stage 2 stationary re-measuring is described in B.7.3.9.

X F LSAPC, XNFLAERMAFZMY, NEBIrERNITER, ETRFEEEE Tr 4, Nar RnFE
/ﬁ/ﬁio T_ B.7.3.9.2 CP?E KT Nar *D Tr E’J/JI-HJA-EO 7_ B.7.3.9 CP?EE T% 2 B}'EX%II_-\E%ﬁﬂH\UEE{J*EJ%

B.7.3.2 Determination of probe size

B.7.3.2 &Rt RN BVHAE

The area of the probe size should ensure that the air velocity into the probe is the same as at the
filter face, within a variation of 20 %.The area of the intake probe can be calculated by means of
Formula (B.7):

RERTHERNBEREHEFNRINT[RRESSIERREIEREER, 720 %NTHEERN. #SHRk
HEARA AT AR(B7)itE:

Dp x Wp = Qva/U

Dp x Wp = Qva/U

where

M2

Dp is the probe dimension parallel to the scan direction in cm;
Dp BT FREFERRARY, BAUNEX;

Qva is the sampling rate of the LASPC in cm/s;

Qva 2 LASPC RURIFER, B{URNEXR/A;

U is the filter face velocity in cm/s.

u BB RERE, BAIAEKD,

Wp is the probe dimension perpendicular to the scan direction, in cm;



Wp REEFIEARNRARST, BAREX;
(B.7)
(B.7)

It is desirable to choose a probe which has a rectangular inlet in sizes of Dp = cm and Wp = 8 cm or
a circular probe of diameter Do = 3,6 cm.Recommended probe dimensions are based on a sample
flow rate, Qvs, of 0,000 472 m/s (= 472 cm/s, 28,3 I/min or 1 CFM).

AR — N E1E Dp = cm A Wp = 8 cm MYSETE A\ O E R Do = 3.6cm BER . EINAIRL
RTEF 0, 000£472 K/FH(= 472 EHK/E, 28.3 FH/436058 1 CEM)BIRES IR Quso

If filter face velocity is unusually high (>1 m/s), a smaller dimension for the probe, Dp, can be
calculated by use of Formula (B.7).

MRIFBREEERES( 1 K/A), HEHE/NRT Dp @I AR(B7)itH,
For a circular probe, Formula (B.8) can be used to determine the value of Dp.
NFEERK, 2N (B.8)AATHEEEE.

DDpsWWs=xx-0

D D p s W Ws =xxx(

where

M2

Dp is the nominal probe dimension parallel to the scan direction, in cm;

Dp BT FHREL BRRMERST R, 2ANEX;

DO is the actual probe dimension (diameter), in cm;

D0 BELFRRERT(ER), BAINEXK;

Ws is the probe overlap dimension perpendicular to the scan direction, in cm.For a circular probe of
a 3,6 cm, diameter, Dp, is 2,54 cm.

Ws REETHEARNREIESRY, BUNEXK, XWFEREN 3.6 EXNEFRX, Dp 7 2.54 EX,

T s PIEY) 99 9 97 T 35 9 5 9
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B85,

Scan direction.

HE7E .

Figure B.1 — Circular probe dimensions diagram
B.1 —REFHRLRTE

NOTE In order to scan the target surface area most efficiently, it is necessary to select Ws as Dp
becomes equal to Wp.In case of circular probe with a diameter of 3,6 cm, the most efficient Dp is
2,54 cm.

ERATEERMMARBRRERXE, % DpFF Wp iY, BREREFE Ws, XWFERZEN 3.6 EXNEFR
X, BN Dp 7 2.54 EX,

B.7.3.3 Determination of scan rate
B.7.3.3 H#EERENHE

For a rectangular probe inlet size of Dp = 1 cm and Wp = 8 cm, the probe scan rate, Sr, is 5 cm/s or
less.

XfF Dp =1 cm. Wp =8 cm BUFEFZARAAND, REFEHRE Sr FF5/NF 5 cm/so
For a circular probe inlet diameter of 3,6 cm, the probe scan rate, Sr, is 12 cm/s or less.
XFERFEN 3.6 EXRNERHRAAND, HEPERE Sr FF50/VF 12 BEXK/F,

Where the upstream aerosol concentrations cannot be achieved, it is necessary to change the scan
rate.The scan rate, Sr, in cm/s can be determined by assuming the sampling rate of the LSAPC is
0,000 472 m/s and use Formula (B.9).

Y ERSBARRETEARRINN, BRERTHAERE, HJEEESr, UWEX/MRHEA, LB RIE
LSAPC BIRHEEERH 0, 000+472 K/AHER A (B)RHE,

SCP

Nrcl

Nrcl



p

p

=X x x 0,000 472

=xxx0, 000472

where

TEME

Cc is the challenge aerosol concentration upstream of the filter in particles/m;

Cc B &2 LRk ARIRE, RAUNTHI/K;

(B.9)

(B.9)

Np is the expected median of particle counts that characterize a designated leak in particles;
Np BRI TE TR R FAL T E R FREA P E

Pl is the maximum permitted penetration of the filter installation to be tested at 0,3 m.
Pl REMIHXAIIERRET 0,3 MHNERARITFEEE,

B.7.3.4 Particle size to be counted and acceptance criteria

B.7.3.4 21t BRI EMN LT E

The particle size to be counted should be equal to or greater than 0,3 m.

B2 EHNRENFTH AT 0,3

While scanning, any indication of a leak should be cause for holding the probe at the leak
location.The location of the leak should be identified by the position of the probe.

A, TR TREN SBRAFREFEHRUE, MWRAIEN ZBITRTRIUERIR.
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A leak detected in excess of 0,01 % of the upstream number concentration is deemed to exceed the
maximum allowable penetration.However, for filter systems of an integral efficiency at MPPS >
99,95 % and less than 99,995 %, the acceptance criterion is 0,1 %.

B L ERE 0.01%REANBIRAARITES. AT, NTFERAMRRMRIUE=99.95%
B/F 99.995%m9 i8R GE, ERINEN 0.1%

If filter systems of an integral efficiency lower than 99,95 % at MPPS are to be tested, a different
acceptance criterion is necessary, based on agreement between customer and supplier.

SNRZMIX MPPS RAEBMARRT 99.95% T IBAS, NWEBRRIBZAMENEZENMIYN, RKATR
[E RIS U AT Ao

B.7.3.5 Expected number of particle counts
B.7.3.5 TRHAKI F K

The acceptable number of particle counts during the scanning (Stage 1) is Na and it is desirable to
select a Na value of 0 or 1.

HiEEhER DEFEIRI AR PR BER W, HEREEE 03 1 BME,

The lower confidence limit will determine Na.It can be calculated with Formula (B.10).
BERETRIEREMW. ERUAAI(b10)IHE,

NNapNp=-

NNapNp=-

(B.10)

(B.10)



where Np is the expected median of particle counts that characterize a designated leak of particles.
Hrh Np 2 RIHEE FRDERAIHRL 1T 5 A0 TR E.

It is the value Np that is carried forward in Formula (B.9), and Formula (B.11) can be used to
calculate Np:

AT(B.9)h4EHHIE Np 8, AR(B.11)AAF+E Np:
NNpaNa=+()++

NNpaNa=+()++

When Na = 0, Np is 4, and when Na = 1, Np is 5,83.
ZNa=08, Np#4, ZiNa=18f, Np A5, 83
(B.11)

(B.11)

NOTE Higher values of Na and Np can be selected if there are concerns with false positives being
caused by a "bleed through" of particles in undamaged filter media.

ARINRBORZHOLIENTRPTN BH SSBORKR, FTUEFERSHWNARE,

B.7.3.6 Choice of upstream aerosol challenge

B.7.3.6 £ UARPRELRTIEE

An artificially generated polydisperse aerosol should be introduced into the upstream airflow to
achieve the required homogeneous challenge concentration.The count median particle diameter for
this production method is typically between 0,1 m to 0,5 m with a geometric standard deviation of

up to 1,7.The median particle diameter for this production method is typically between 0,3 m and
0,7 m with a geometric standard deviation of up to 1,7.

NMTE EFSRPEIAATERNZDEIER, LURFIFFRRIISRERE, XiE~ G ERIHEPE
KZBEE 0.1m £ 0.5m 28, JUARERESX 1.7, XMEFEAENHERZRER 0.3m M 0.7m
zial, JUtnERESIE 1.7,

Alternatively, microspheres with an appropriate diameter can be used and an aerosol challenge.

5E, ALUERREELERIMIKE, HWUBRRHATHL.

Where an artificial aerosol cannot be introduced, atmospheric aerosol should be used as the
upstream aerosol challenge.

ERBESINATLRAREIMTS, KUERNKBIELFRRI L.
NOTE

pEF=1



B.7.3.7 Concentration

B.7.3.7 RE

A guide to aerosol source substances is given in C.8.4.
C.8.4 4 7T ARRYIEER

of upstream aerosol challenge and its verification
EiERARHk AR HLI0IE

The concentration of the aerosol challenge upstream of the filter should be sufficiently high to
achieve acceptable practical scan rates according to B.7.3.3. The concentration of aerosol challenge
upstream of the filter is determined with Formula (B.12):

RIEB.7.3.3, Tig LFBRAANRENBEES, LUARFHERIKIRMIEER, TiEE LA
B AHIARE R ATU(B.12)E:

Cc>Np x Sr/(QVs x Dp x PL)
Cc>Np x Sr/(QVs x Dp x PL)
(B.12)

(B.12)
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where

EME

Cc

EE/EIZ

Dp

HHEIE

Pl

Pl

is the challenge aerosol concentration upstream of the filter, in particles/m;
WEEs LRIk SURRURE, BRAIARRL/K;

is the probe dimension parallel to the scan direction, in cm;
BRARTREFITTFHEAR, RAUNEX;

is the maximum permitted penetration of the filter installation to be tested at 0,3 m.
BB ETE 0,3 AHNRAAITFEER

QVs is the actual sample flow rate of the measuring apparatus, in m/s;
QVs B MELEBRRISEPRF AR, BAUNK/AD;

Sr is the probe traverse scan rate, in cm/s;

Sr BERKMEMRER, BANENR/AD;

Based on the recommend probe size and scan rate as stated in B.7.3.2 and B.7.3.3, the concentration
of aerosol challenge upstream of the filter can be selected from Figure B.2:

1R¥EB.7.3.2 1 B.7.3.3 PMEMHEF R RITNAMER, TIRRE LSRR RER KE B.2 Fik

#:
Key

i’



60 000 000

| I //
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/‘/ 7]
-~

50 000 000 el .
e /-/_
40 000 000 e -

.
/-/ -
30 000 000 . —
20 000 000 —

Dp=1, Na=0
) Dp=1, Na=1 a
10 000 000 —:// —-— Dp=2.54, Na=0 —
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0 ] | 1 ] | 1
5 10

Koo)X

probe traverse scan rate, Sr in cm/s challenge aerosol concentration, Cc in particles/m
BREHEMEEERE, BEX/M)RESBRRE, Cc(Fhi/K)

Figure B.2 — Challenge aerosol concentration, Cc, for various probe traverse scan rate, Sr
B.2 REREERAAEER TR SBRARE

In most cases, generated aerosol should be added to the upstream aerosol challenge to reach the
necessary high challenge concentration.To verify such high concentrations, a dilution system can be
required to avoid exceeding the concentration tolerance of the LSAPC (coincidence error).

EARZHIFTRT, ERIARNAME LFSUARIET, DARSENEHRERE, 7 HIENL
BHRE, FTRFE—IHRERAL, LERET LSAPC RERE(EGTIRE).

Challenge aerosol concentrations can be adjusted by changing the probe scan rate by use of
Formula (B.9).

e BRIRE R LUEE A ATU(B) SR E R IR R FIF T,

Appropriate measurements should be taken for verification of the homogenous mixing of the added
aerosol to the supply airflow.The first time a system is tested, it should be determined that sufficient



aerosol mixing is taking place.For such validation, all injection and sampling points should be
defined and recorded.

R RENE H N ERIERNN AR S HN UREBIT RS, BRWRAREN, VAERERET
RONRBRESG. WFXMIEIE, NEXFHIERAAEES SRR,
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The upstream aerosol concentration measurements taken immediately upstream of the filters should
not vary more than 15 % in time from the average measured value.Concentrations lower than the
average will reduce the sensitivity of the test to small leaks, while higher concentrations increase
the sensitivity to small leaks.Further details as to how to conduct the air-aerosol mixing test should
be agreed between customer and supplier.

BEEEDIES LBE T EFUARRENEES TINEENIERERNNET 15 %, KFFI9ER
RESBRERIREX/ RIS, MRSHRESIGMNRASRE, XTFOAH#TESR-ER
BREREAESATNEE MM EEE,

When upstream aerosol concentrations vary over the time, these measurements should be continued
during scanning for leaks in order to gain data for calculations with sequential downstream counts.

Y ERSARIRERER B R, NMESERAEASHITXENE, UERSHE, BTELTIHF
R,

B.7.3.8 Procedure for installed filter system leakage test, stage 1 scan test
B.7.3.8 ZEMTIRBAGERNIAER, % 1 MEFEN
B.7.3.8.1 General

B.7.3.8.1 #iA



Prior to performing this procedure, the airflow velocity test (see B.2) should be carried out. Where
installations are operated at different airflow velocities, the highest level should be selected for the
filter system leakage scan test.The test is performed by introducing the specific challenge aerosol
upstream of the filter(s) and searching for leaks by scanning the downstream side of the filter(s) and
the grid or mounting frame system with the LSAPC probe as follows:

ERITIZRER 2, RHTREENX( B.2), HEEURANSTRAREIZTH, MEFREKTH
TEIEAGMRRENR, BIETIER LESINGENRSE AR, HER LSAPC Rt iEss
TEUAMBMEREER RS, BRMR, BT, W

a)

a)

measurements of the aerosol upstream of the filters according to B.7.3.7 should be taken first to
verify the aerosol concentration;

N ESERYE B.7.3.7 WEDIESE LFNSER, UERIESARKRE;
b) the probe should then be traversed at a scan rate not exceeding the value for Sr stated in B.7.3.3,
b)AIEIRA N LAAREEE B.7.3.3 RFLE R Sr BRI R EE D,

using slightly overlapping strokes.The probe should be held in a distance of approximately 3 cm
from the downstream filter face or the frame structure;

ERAENEESNEB, RANRFREEER TSR IERENL 3 EXNIUE;
C)
C)

scanning should be performed over the entire downstream face of each filter, the perimeter of each
filter, the seal between the filter frame and the grid structure, including its joints;

MESMTERBNENTFE. 8 NTIESBIAEL. SISSERNEMES 2 BHNEZH(BEEESK) bt
78;

d) measurements of the aerosol upstream of the filters should be repeated at reasonable time
d)diEss L SSRNEN £ SRR B EE#1T

intervals between and after scanning for leaks, to confirm the stability of the challenge aerosol
concentration (see B.7.3.7).

ARz BNz GRS EIEIR, UEIARSSARIKRENREM (W B.7.3.7),
B.7.3.8.2 Measuring parameters for two scanning types

B.7.3.8.2 MBI ES K



Generally, LSAPCs are designed to count particles in a specific volume of sampled air.Many
LSAPCs are not capable of outputting the data of particle counts during very short periods in
continuous measurement.

—AgKU, LSAPCs BiRIHEN T IMFEMRIRHRET TRHFTHRIATTIH . 7% LSAPCs R aEfEIER
K2 RO B 8] PR EE SR N 88 Ay Hh BRI 2R AR

Thus, the conditions for Na = 0 or Na = 1 (Na is acceptable count for given test conditions) should
be chosen in the installed filter system leakage scan test with the LSAPC.

Fit, =0 3ih= 1 NFAFEANTAERNIR FEH B IIER I R)NER LSAPC RERTIEHERS
Pkt i =8

T s PIY) 5 9 97 T 9 5 9y T

Choosing this condition, leakage is verified with each count during the test, or with the period
between counts.

EEXMER, AlRNIRER, XTSI RZERERE IR,
If the apparatus is equipped to emit a sound for each count, leakage can be verified using this sound.
MRIRFEEANERITHEBEAEET, WelUERZESRRIETR.

If the apparatus can output the counts during very short periods in continuous measurement, any Na
is applicable.Absence of a leak is verified if the observed count is equal to or less than Na at the
time (Dp / Sr).

NN BRI E IR RERET B RELN 25 HITEL, EFWEER. MR IEMBERNITHFTINT
fW(Dp / Sr), MHIATHER.

For reasonable test conditions, the following two scanning types can be selected:
NFSERNMNA M, ATLOER T MM EIEa:

a)

a)

Scanning type (a): Choosing Na = 0 for 0,3 m particles;

A (a): 79 0.3m R FIEF= 0;

— suitable when the frequency of stationary re-measuring is predicted to be very small;
—ERTF I H#SERMNENMEIFE/NIIER;

— type (a) test requires lower concentration for upstream than type (b);

—a BRI E K FIERERT b B



— absence of a leak is verified if the count is 0;the scanning test can be continued.
— IR ERIY 0, MIEIETHRS; NI AT A% SE,

32

32

Copyright International Organization for Standardization Provided by IHS Markit under license
with Standards Council of Canada No reproduction or networking permitted without license from
IHS

EfrRERAR RS, HERIEERADRERIBMERTEZASMTARM, REEFRIZER
SVFR], TSERIEEN

ISO 2019 - All rights reserved

EPrRENALR 2019 -REFRBEF

Not for Resale, 09/15/2019 20:39:20 MDT

TMFHEE, 20194 15 B9 H 20:39:20 MDT

ISO 14644-3:2019(E)

EFRAT A AL 14644-3:2019(3%)

b) Scanning type (b): Choosing Na = 1 for 0,3 m particles;
b)$F#EZEE(b): 9 0.3m R FIEFM= 1;

— suitable when predicted that stationary re-measuring may be necessary;
— AR R ERSEMUENIER;

— type (b) test requires higher concentration for upstream than type (a), however the influence of
LSAPC count error is reduced;

—EB(b)HBER EFFRESTEE (), BZ LSAPC HELRERNTNBNT ;

— if the observed count is 0 or 1, absence of a leak is verified.The scanning test can be
continued.B.7.3.9 Procedure for stationary re-measuring B.7.3.9.1 General

—INRUEREIIHEI 050 1, MEERARFEMIR. FMhAILAdE:, B.7.3.9 BSEMNERER
B.7.3.9.1 #iA

The observation of a particle count larger than Na indicates the potential presence of a leak, and the
location should be checked by stationary re-measuring.

X ARFWRIBAL T ERIMRRAGFE RN, NMEZEENERNERNENE,

3 9y PIEY) 39 9 97 T 35 3 5 9



B.7.3.9.2 Detection of leakage by stationary re-measuring
B.7.3.9.2 @I # S ENEAR M IRE

a)

a)

Observed counts smaller than Nar [particles]: the observed counts for Tr, equal to or smaller than
Nar confirm an absence of leaks.

ME BN NFARLF BT MR BB S T3/ NVF AR Tr iH 0SS B R
b) Observed counts larger than Nar [particles]: if the observed count exceeds Nar, stationary re-
b)MMR AT IR F AR F | DRI RN B+ EES 48, MERLERTh

measuring may be considered.If the observed count still exceeds Nar, the filter should be considered
to have a leak.

BILAERNE, WRMEBERITHENAEE Nar, &iESENEANE K.
B.7.3.9.3 Determination of measuring parameters for stationary re-measuring
B.7.3.9.3 S EHRNENESHEVHE

Recommended sustained residence time, Tr, is 10s.

BFFE(E et E Tr 79 10 7,

The number of particle counts that characterizes the designated leak, Npr, and acceptable count at
RIS EMRAVERIIT L. Npr MelERITHAVSME

stationary re-measuring, Nar, are calculated with Formulae (B.13) and (B.14):
FEEMNE Nar BAR(B13)#(b14)it&:

Npr = Cc x PI x QVS x Tr

Npr=Cc x PI x QVS x Tr

NNar=—-prprN

N Nar=prN

where

TEWE



Cc is the challenge aerosol concentration upstream of the filter in particles/m;
Cc 22828 LRI BREY SUBRUKE , BT/ K ;

Dp is the probe dimension parallel to the scan direction in cm.

Dp BT FREFERMRARY, BAUAENX,

Nar is acceptable count at stationary re-measuring;

FASEMNEN Nar 2250

Npr is the number of particle counts which characterize the designated leak;
Npr ERAESEHRIKI T,

(B.13)

(B.13)

(B.14)

(B.14)

Pl is the maximum permitted penetration of the filter installation to be tested at 0,3 m;
Pl @7£ 0.3m A MHAT ISR R ENRARITEEE,;

QVS is the actual sample flow rate of the measuring apparatus in m/s;

QVS BMENBAIKRIMFmRIE, LKA,

Tr is the recommended sustained residence time(s);

Tr BHEEFRFEUF BT EL

B.7.3.10 Example of an application with evaluation

B.7.3.10 ® &8I N A R

Examples of measuring parameters are shown in Table B.3. These tables give example parameters
for Dp = 1 cm and Wp = cm with a scan rate Sr = cm/s, and a circular probe with diameter 3,6 cm
and a

MEBEHARAIINR B.3 Fim. XLERAHT Dp =1 cm M Wp = cm. HEEZE Sr = am/s UNERA
3.6cm # a WEIFARFRIRFISEL

scan rate Sr = 12 cm/s.
R Sr = 12 ER/F

ISO 2019 - All rights reserved
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Table B.3 — Example of an application with evaluation

& B.3 — &R ARG

Scanning type

Measuring parameters

Rectangular probe (1 cm x 8
cm)
type (a) type (b)

Circular probe (diameter 3,6
cm) type (a) type (b)

Pl

Maximum
allowable
penetration of
the filter
system to be
tested

0,000 1(0,01%)

0,000 1(0,01%)

Dp

Nominal probe
dimension
parallel to the
scan direction
[cm]

2,54

Sr

Probe traverse
scan rate
[cm/s]

5

12

Qvs

Sample flow
rate of the
measuring
apparatus [m/s]

0,000 472

0,000 472

Np

Expected

4,0 5,83

4,0 5,83




number of
particle counts
that
characterizes
the designated
leak
corresponding
to Na [counts]
- Stage 1

Na

Acceptable
count during
Ts at scan test
[counts] -
Stage 1

Cc

Challenge
aerosol
concentration
upstream of the
filter [particles/
m]

423 728 814

617 584 746

400 373 682

583 544 642

Npr

Expected
number of
particle counts
during Tr = 10
s in the
sustained
residence time
that
characterizes
the designated
leak
corresponding
to Nar [counts]
- Stage 2

200,00

291,50

188,98

275,43

Nar

Acceptable
count during Tr
=10 s in the
sustained
residence time
[counts] -
Stage 2
(rounded)

171,72 (171)

257,35 (257)

161,48 (161)

242,24 (242)

MESEL
HfmkE

FERZRSL(1 cm x 8 cm)

LA(a)KE(b)

B R (E1F 3.6 EK)FKE (a)

LA (b)

Pl

IR

0, 000 1(0, 01%)

0, 000 1(0, 01%)




HNERAAIFBE
$

IR

FITTFREAR
BUARARER T R<T
[EXK]

Sr

P ICIEEETPES
KR[EXRK/FD]

12

Qvs

M E X 2FHHE o
TR K/

0, 000472

0, 000472

HHheE

RIEX N T4

[ ERvtEE Mt
A FRAR AL
] Mk 1

4, 0

5, 83

4, 0

1

it Ts
HRlElpy AT 2t
Lt e
1

EEHEIZE

PR 888 ity
SRR
L7 /K]

423 728 814

617 584 746

400 373 682

583 544 642

Npr

R =BT E]
A, Tr=10#
HAiB1 R TR Bkl
i, RIUETS
SR [T EAERS
RZBYIEE MIR] -
B ER 2

200, 00

291, 50

188, 98

275, 43

—HhRGE A i

TEFSHE AT E]
M Tr = 10 #HA
BRI RIER 1T4K
[i+%k] -56 2 i
B(EEEN)

171, 72 (171)

257, 35 (257)

161, 48 (161)

242, 24 (242)

B.7.4 Procedure for overall leak test of filters mounted in ducts or air-handling units (AHUs)

B.7.4 ZEEEEHTVIBREE(AHL) PRI RN BRI EZER




This procedure may be used for evaluating the overall leakage of duct-mounted filters.This
procedure may also be used to determine overall leakage of multistage filter arrays without
individual stage tests.It is important to be aware that this procedure is significantly less sensitive at
finding leaks than the method described in B.7.2 and B.7.3. The overall leakage test result is
affected by the total airflow volume in the system, as the airflow volume increases more dilution of
the leak occurs.Therefore, this test method should be used where duct-mounted filter installations
serve less critical cleanroom areas and where scan testing of those same filter installations is not
practical.If critical, the scan method should be adopted.

EZREFAIATFIHMLEERERTIRSNEMRHR. ZEFBAIATHRE SRTESEMETIRBEIR, ML

FRERBRNENR. FEEIENE, 5B.7.2 M B.7.3 PEARNGEMELL, ZEFELAIMREIENREE
BHERR. SHRIRERRRAGHLTSTURENTM, AATTREEN, WREAEESHE,

e, HEERENTEEERERSTAXXEIE2EXE, HEAERIESFEENRENIRT LA,
NMERZMAG E, MRBERRES, NRBRAESE.

This test is not designed to cover exhaust HEPA filter systems.
ZMA A B ABEHS HEPA ISR R MILITHY.

NOTE 1

F1

The test is performed by introducing the challenge aerosol upstream of the filters installed remotely
to the cleanroom or clean zone.The upstream particle concentration is first measured.The particle
concentration of the filtered air is then measured, and compared to the upstream concentration to
determine the total leakage or penetration of the filter installation[].

M BBEIERE TR ENE F X LRI IESE LS I AR BRIGETTH. BRNE LFEHRRE,
ARNETE=[NTRLRE, H5 EFREHITIR, MRELREREENSHRIEE].

The airflow velocity test (see B.2) for initial qualification should be done prior to performing this
test. Measurements of the upstream aerosol concentration according to B.7.2.6 (aerosol photometer
method) or B.7.3.7 (LSAPC method) should be taken first to verify the aerosol concentration and
homogeneity.

PR ENTREEZIXE(W B.2)NEHITZIRE ZA1#HIT. NEREEB.7.2.6(RARAEITE)THD .
7.3 . 7(LSAPE)NE LHFARARE, UIIESARRENIS M,

Measurement of downstream aerosol concentration should be carried out at locations where
homogeneous mixing has occurred.If homogeneous mixing does not occur, a series of
measurements should be taken at equally spaced locations in an agreed plane, between 30 cm and
100 cm downstream of the filter.This is a grid sampling method and the location and number of
measurements should be agreed between the customer and the supplier.

TESBRRENNENEAEITREGNUERT. MFRKBRENIRE, NEIIESETHE30 EX
E 100 EXZEMBEFERNFEEUEHT-RIINE, X2 —MMEIESE, NENUENHE
N %P MHNEEE,

N N N N N N N S N N N N RN

T o s EIEY) 99 9 57 T 95 9y 5 9y T
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Measurements of the total aerosol challenge or particle concentrations upstream of the filters should
be repeated at reasonable time intervals to confirm stability of the challenge aerosol source (see
B.7.2.6 and B.7.3.7).

g LS RERMANTALRENNENESENNEEFERESEHT, UHINASERIERRE
EM(W B.7.2.6 1 B.7.3.7),

Using a photometer, from the measured total challenge or concentration, the local penetration is
measured as percentage penetration for each downstream location measurement.Using a LSAPC,
from the measured particle challenge concentration, the local percentage penetrations should be
calculated for each downstream location measurement for the particle size used.Each downstream
percentage concentration should be lower than the percentage concentration specified, or as agreed
between customer and supplier.

ERHET, MNERNSHRETURES, BREERNENE T TRUENENESET DL, A
LSAPC, HRIBNENFTHMEARE, MWAFFATHNRINES N THIENEHERIEEED L. 51
TEEDECREMETRENBDLLRE, NEPANHNEZEREERRE,

Repairs or rectification of leaks may be made according to B.7.6 or by procedures agreed between
the customer and the supplier.

BJLURYE B.7.6 0% A MM Z B ERVE T IE A a4 [E R

NOTE 2 For applications, where ducted filters are required to be leak tested by scanning, the
methods are described in B.7.2 and B.7.3.

A 2 TFEREETESETSEHETHRNXNAE, 5ERB.7.2MB.7.3

B.7.5 Apparatus and materials for installed filter system leakage tests



B.7.5 BRE IR ARG AV IS S A4

B.7.5.1 Aerosol photometer (see C.8.1), limited to use in instances where the background counts or
concentrations are less than 10 % of that which characterizes a designated leak

B.7.5.1 RFBRILEIT(R C.8.1), XIRFERITARIRE/NTHEEMIRIFIERN 10 %pE R TR

B.7.5.2 Light-scattering airborne-particle counter (LSAPC) (see C.8.2), limited to use in instances
where the background counts or concentrations are less than 10 % of that which characterizes a
designated leak.

B.7.5.2 XBS=SKFIHEER(W C.8.2), (NRTERIHEERE/NTIEEMIREER 10 %RI1ER TE
Ao

B.7.5.3 Suitable pneumatic or thermal aerosol generator(s) to provide appropriate challenge aerosol
concentration in the appropriate size range (see C.8.3).

B.7.5.3 GENSEHHATNERLER, UESENRTEERNRHEENIGSEFRAREL C.8.3),
B.7.5.4 Aerosol dilution system (see C.5.4).

B.7.5.4 SARWBERS(W C.5.4)

B.7.5.5 Aerosol source substances (see C.8.4).

B.7.5.5 SUARIEYIBR(M C.8.4),

Apparatus specified in B.7.5.1 to B.7.5.3 should have a valid calibration certificate.

B.7.5.1 £ B.7.5.3 FMERNEN EEHRHIBEIE TR,

B.7.6 Repairs and repair procedures

B.7.6 {EI2FEIEIEF

Leakage repair should only be acceptable by agreement between the customer and the supplier.The
method of repair should take into account any instructions from the apparatus manufacturer, or the
customer.

QAEREFNENERENERLT, MREEABALUERN. BEFENEENEFEFHEFNE
35t PRo

In selecting materials for repair, outgassing and molecular deposition on products and processes
should be considered.

TEERFEMEIY, NE R RNLIZ MRS D FniR

Detected leakage in filters, the sealant or the grid structure should be repaired.Repairs to filter or the
grid support structure may be made using procedures agreed between the customer and supplier.



REETIEER. BRFISRMET PN EIATIR. ISR SEMSIZEMRAE ] UIERZR P MR
B Z BIEERIEFHTT.

After the repair has been completed and a suitable cure time has been allowed, the leak site should
be rescanned for leaks using the defined method.

BETRAARTEENRBIKERE, NERMERNG ZEMRMTREIL

T o s PIEY) 39 9 97 T 95 99 5 9y T

B.7.7 Test reports
B.7.7 Mtk &

By agreement between the customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEZPANHNEZ BRI, MRS 5 FFTRIERUTESHMEUE:

a) test method: aerosol photometer or light-scattering airborne-particle counter (LSAPC);
a) IR R AR E T RN =KL F 1T 8425
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b) type designations of each measuring apparatus used and its calibration status;

b)YERNENUENENESAMRERERT;



c) specification of the filter;
)i IEBRRYRIAE ;

d) any special condition or departures or both from this test method and any special procedures
agreed between the customer and the supplier;

d)& P MENE Z B ENEMFHFRFFRREB ARG AN EMEHREFRER;
e)
e)
f)
f)

measured upstream aerosol concentrations with their sample point locations and the corresponding
time of measurement;

ME _E R SUAROIRE R H R S i B AN R A E B a] ;

sample flow rate;and for LSAPC measurements, the particle size range;
HZAORIE; X F LSAPCE, KiEEH,

g) calculated average upstream aerosol concentration and its distribution;
g) it BT ERERIKRERE S,

h) calculated acceptance criteria applied for the downstream measurements;i) result of the
downstream measurement for each clearly identified filter, area section or measuring

hRZAF Nt ERIRE; DE M ARIRGITIEEE. XEESEsilER TEIESR
location;

s,

j) final result of the test for each defined location;

DEIMMEUENRLNMRNER;

k) if there is no leakage, then test passed.Otherwise if there is leakage then report leak location,
repair action and result of re-testing the location.

KinRgE R, WtEd, ZN, MREHR, WREHFUE. SEERMERNLIERNSER,

T o s PIEY) 39 9 97 T 99 95 5 9y T



B.8 Containment leak test
B.8 5tz

B.8.1 General

B.8.1 iR

This test is performed to determine if there is intrusion of contaminated air into the clean zones
from surrounding non-controlled areas and to check pressurized ceiling systems for leaks.

RITIZMA RN THE SREAREMNARFEFHIKIHENEFEXE, HAOENEXRERAZESEM
o

B.8.2 Procedures for containment leak test

B.8.2 ZeF RNt

B.8.2.1 Light-scattering airborne-particle counter (LSAPC) method
B.8.2.1 XS = A FIH B HE

Measure the particle concentration outside the cleanroom enclosure immediately adjacent to the
surface or doorway to be evaluated.This concentration should be greater than the cleanroom
concentration by a factor of 10, and equal to at least (3,5 X 10) particles/m at the particle size to be
measured.If the concentration is less, generate an aerosol to increase the concentration.

MERPFAHEREH]ORNEREINTIMNITRORE, ZRENELESEREKX 10 17, HEEFIHR
RIRSTTFEDETG, 5 X 10)FHL/ Ko MRIRERIR, ERTBREIIRE,

To check for leakage through construction joints, cracks or service conduits, scan inside the
enclosure at a distance of not more than 5 cm from the joint, seal or mating surfaces to be tested at a
scan rate of approximately 5 cm/s.

ATHEBIRTE., REFEBEBERUHRE, UKD 5 EX/MIABERE, EINERESHFIIXAE
4%, BHYESENED 5 EXRNUEHRTEE,

To check for intrusion at open doorways, flow visualization methods are recommended.
ATREFRIOREENE, BNUERRMAIRLT %

Record and report all readings greater than 10-2 times the measured external aerosol particle
concentration at the appropriate particle size.

ERAMEFAIE IR, XEFERTFESHHHRT TNERNIMNIERBALRERN 10-2 2,
NOTE
AR

supplier.



T,

The number and location of test points for this measurement are as agreed between customer and
ZNERNIE SRS EMUEHZ

B.8.2.2 Aerosol photometer method

B.8.2.2 SIBRILEIGE

Produce an aerosol outside the cleanroom or device in accordance with B.7.2.2 in concentration
high enough to cause the aerosol photometer to exceed 0,1 %.

RIEB.7.2.2, IHEREHIREINTERER UESARIEITET 0.1%RIER.
A reading in excess of 0,01 % indicates a leak.
FEHGEE 0.01%XRBE MR,

To check for leakage through the construction joints, cracks or seams scan inside the enclosure at
distance of not more than 5 cm from the joint, or seal surface to be tested, at a scan rate of
approximately 5 cm/s.

ANTREBIRTLENSR, REFIEEEINTAEIAKRE 5 BEXR/MHEMEEDM, RMEEEEN
A ERREAET 5 EX,
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To check for intrusion at open doorways, measure the concentration inside the enclosure at a
distance of 0,3 m to 1 m from the open door.



EREARIIIAREEANR, BEESHRIN] 0.3 KE 1 AKNMGNENERNNRE,
Record and report all readings in excess of 0,01 % of the photometer scale.
ERHBEEIHEITZIE 0.01%BIFFEIRE.

B.8.3 Apparatus for containment leak test

B.8.3 ZeFittiRMi{igE

B.8.3.1 Artificially generated aerosol source, as described in B.7.5, with a valid calibration
certificate;

B.8.3.1 ATEmMMSBRIRE, 801B.7.5 FFA, BEEEMHREILS;

B.8.3.2 Light-scattering airborne-particle counter (LSAPC), as specified in C.8.2 (or photometer, as
specified in C.8.1) with a valid calibration certificate and a lower particle size discrimination
capability of 0,5 m or smaller.

b.8.3.2c. 8.2 PMERNNENE I FETALITERF(LSAPC)(BL C.8.1 PMEREIT), BAEEX
HURAEIE BN 0.5m B/ \BYAMRFRIR T ¥/ 8EF 1o

B.8.4 Test reports
B.8.4 Mtk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEZPANHNEZ BRI, MRS 5 FFATRIZRUTESHMEBUE:

a) type designations of each measuring apparatus used and its calibration status;
AFTASNNIENBNESZEMAERERT;

b) data collection technique;

b)BEWER K ;

c) measuring point locations;
ONMERNE,

d) occupancy state(s);

(d) SARE;

e) result of measurement.

E)/J\ IE45R,



B.9 Electrostatic and ion generator tests
B.9 ##EEME F & E =N

B.9.1 General

B.9.1 #fiA

This test consists of two parts.One is the electrostatic test and the other is the ion generator (ionizer)
test.The purpose of the electrostatic test is to evaluate the level of electrostatic charge voltage on
work and product surfaces, and the dissipation rate of electrostatic voltage of the floor, workbench
top or other cleanroom or clean zone component.The static-dissipative property is evaluated by
measuring surface resistance and leakage resistance on the surfaces.The ion generator test is
performed to evaluate the performance of ion generators by measuring the discharge time of
initially charged monitors, and by determining the offset voltage of isolated monitoring plates.The
results of each measurement indicate the efficiency of eliminating (or neutralizing) static charges
and the imbalance between the amount of generated positive and negative ions.

ZERE D AR, —MERENR, ZF—ITEEFRESRNIK. FENLNENETEIEN~m
RERVFFBEBEKTE, UMk, TSN SREMESES S #XAMHNFEBEFNE, FHEAN
M geiEid I €K B A MR EREARIT G, #1TEFRESVRAZEN T EINE R BRSNS
RV BB B E] AN B RE PR 8 S MR RO RS B E SR E B F R £ 83801t Re. SXNENERKRIAEFREHR)F
BARRERUN=ENIERBFHREZ BN ATEE,

B.9.2 Procedures for electrostatic and ion generator tests

B.9.2 #EBEMBEFRERNINER

B.9.2.1 Procedure for electrostatic test

B.9.2.1 s IiHIZ =

B.9.2.1.1 Measurement of surface voltage level

B.9.2.1.1 REBEKFRINE

The presence of positive or negative electrostatic charges on work and product surfaces is measured
using an electrostatic voltmeter or fieldmeter.

fERFFREBERN B ITNE TN~ mRE L IEAFREBEIEE.

Adjust output of the electrostatic voltmeter or fieldmeter to zero by presenting the probe to face a
grounded metal plate.The probe should be held such that the sensing aperture is parallel to the plate
at a distance according to the manufacturer's instructions.The metal plate utilized for the zero
adjustment should be of sufficient surface area for the required probe aperture size and proper
probe-to-surface spacing.

RBRXA\BUERER, KFEBERIEBTRLRAT AT, RIEFERINEE, RANEREFES
RFET—EEBNUE, BTRAZNEZRRNEREBHRER, UWARAENRILEXNIEHH
B EIRERVIE]EE,
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To measure the surface voltage, place and hold the probe near the object surface whose charge is to
be measured.The probe should be held in the same manner as for the zero adjustment.For a valid

measurement, the surface area of an object should be sufficiently large, compared with the probe
aperture size and probe-to-surface spacing.

BENEXREEBE, BREAREFNBENMEREMLI, fREANUSEZERENLREE. NTFEX
HUNE, SEELFBAR/NNERKEIRENEEAEL, YENRERNIZEB K.

Record the readout of the electrostatic voltmeter.
10 RERE B EFRAVIEE

The measuring point or object selected for measurement should be determined by agreement
between the customer and supplier.

EEATNERNE S SRR B & P AN S 2 BRI IR E.

B.9.2.1.2 Measurement of the static-dissipative property

B.9.2.1.2 BREEAERNIERERVINIE

The static-dissipative property is evaluated by measuring surface resistance (resistance between

different positions on the surface) and the leakage resistance (resistance between the surface and
ground).These values are measured using a high-resistance meter.

BEATEDET N EXREEEGE EARLE Z(8]rY Rt K B FE (R EM M E 2 889 B FE)#KiT k.
XEEEASMAETUIEN,

Surface or leakage resistance is measured using electrodes that have appropriate weight and
dimensions.These electrodes should be set at the correct distance from the surface during the
measurement of surface resistance.



ERAEAEHEENMRITHNBERNEREEBMAETCHREMRE. TNEREERN, XEBRVISTETER
EEMRIEEES,

Specific details of the test conditions should be agreed between customer and supplier.

WA FHNEEAT AT N EEE,

B.9.2.2 Procedure for ion generator test

B.9.22 BFRERNAERF

B.9.2.2.1 General

B.9.2.2.1 #iR

The purpose of this test is to evaluate performance of bipolar ion generators.The test consists of
measurements of both discharge time and offset voltage.The measurement of discharge time is
performed to evaluate the efficiency of eliminating static charges using ion generators.Measurement

of offset voltage is performed to evaluate imbalance of positive and negative ions in the ionized
airflow from ion generators.An imbalance of ions can result in undesirable residual voltage.

ZR B BB HENRE FRESRMEE. i SER B EMKIEEENNE, RERENER
FIHEERABFAERERFRENNE, REBENNEATFTEEFREREEURPENBFHNR
T, BFATHESRAFENAREE.

These measurements are performed using conductive monitoring plates, an electrostatic voltmeter,
and a timer and power source.(Sometimes apparatus consisting of those parts is known as a charged
plate monitor.)

XU BER SRR, BoRBER, HNBHBRET. (G5B ARNEE RN 7RI
1588, )

B.9.2.2.2 Measurement of discharge time

B.9.2.2.2 HKBYiE]HYNIE

This measurement is performed using monitoring plates that are (isolated conductive plates) of
known capacitance (e.g. 20 pF).Initially the monitoring plate is charged to a known positive or
negative voltage from a power source.

EREMBERI 20 pP)RENR(ESSER)HTNE. &Y, BERMBRTEBIEMVIESRISE
£

The change of static charge on the plate is measured while exposing the plate to the airflow that is
ionized by the bipolar ion generators being evaluated.The change in plate voltage over time should
be measured using an electrostatic voltmeter and a timer.

HIRBEERIHERINRB FAESREBENTURPN, WER EFBEENEN, NEMRFHEBERMIT
B 85 2R AR B IERER R R T 1L,

Discharge time is defined as the time that is necessary for the static voltage on the plate to be
reduced to 10 % of the initial voltage condition.



TREEBY (B E X Athik LS BEEREVIRBESRMAR 10 %FrHRAEEL,
Discharge time should be measured for both negative and positive charged plates.
[Sz 797 £ BB A LE BB AYAR AR & 75 ER Bt 8]

Test point locations and results for acceptance criteria should be agreed between customer and
supplier.

WWARAERIE S B MR N HE P N EEE.
B.9.2.2.3 Measurement of offset voltage
B.9.2.2.3 KiARBERINE

Offset voltage is measured using a charged plate monitor mounted on an isolator.The charge on the
isolated plate is monitored by an electrostatic voltmeter.

ERAREERER LR ERSEENERFABE. FER EVBEBFHREBERSR.

Initially, the plate should be grounded to remove any residual charge, and it should be confirmed
that voltage on the plate is zero.

A, WARRNZAEIARBRERRRER, HBENZBIAMMR ERBEERNS,
38
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The offset voltage is measured by exposing the plate to the ionized airflow until the voltmeter
readout becomes stable.

BIRFRIRBRREEEURT, BIEEREBRER/REE, KVERBEE.

The acceptable offset voltage of an ion generator depends upon the electrostatic charge sensitivity
of objects in the work area.The acceptable offset voltage should be determined by agreement
between customer and supplier.

BFRERVAERREBERNAT TEXKEFYENEREAREE, ERHKFABENEE MM
R Z BB SR RE o

B.9.3 Apparatus for electrostatic and ion generator tests
B.9.3 BEMNBEFRERNAIRE

B.9.3.1 Electrostatic voltmeter or electrostatic field meter, for measurement of the surface
electrostatic voltage level for the electrostatic test;

B.9.3.1 BB EBEXREFEDIT, BTNERHBEIHEHNREFREBEKT;

B.9.3.2 High resistance ohm meter, for measurement of the static-dissipative property for the
electrostatic test;

B.9.3.2 SREERNER, AT NEHBENINNEHBFEBISTE;

B.9.3.3 electrostatic voltmeter, or electrostatic field meter and conductive monitoring plate, or
charged plate monitor for the ion generator test.

B.9.33 BTFBFAERNABEEER. NFEFEDITANSEEMNR. S BERENESE,
This apparatus is described in C.10. The apparatus should have a valid calibration certificate.

C.10 R 71z NE8. &N AR BB A,

T s EIEY) 99 9 57 T 95 9y 5 9y T

B.9.4 Test reports
B.9.4 MRk &

By agreement between customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEE AN E 2 BRI, NIREREE 5 FAMRIERUTERMEE:
a) type of tests and measurements, and measuring conditions;

a) AN ER B LI M E 54 ;



b) type designations of each measuring apparatus used and its calibration status;
b)ERANEGMNENBHNE S BT RERERT;

) temperature, humidity and other environmental data if relevant;
c)RE. EEMEMABXIFREE;

d) measuring point locations;

dMERIE;

e)

e)

f)

f)

occupancy state(s);

HARE;

result of measurement;

MELER;

g) other data relevant for measurement.

g)5MEE X H LR,

B.10Particle deposition test

b . 10 HKDAFIRIE

B.10.1 General

B.10.1 #iA

This test describes procedures and apparatus for measuring the particle deposition of particles that
deposit from the air onto product or other critical work surface in a cleanroom or clean zone.The
number of particles that deposit onto a given test surface area such as a witness plate, in a given
time, are sized and counted using optical microscopes, electron microscopes, surface scanning
apparatus, or real-time particle deposition rate detection device to obtain the particle deposition rate
data.Particle deposition rate data should be reported in terms of mass, particle area or number of
particles per unit surface area per unit of time.

ARWHEAR T BTFUEMNESFRREEEZEEE XN~ me X5 TIERE _ERNBRDCARER
Mg, EAXFEMR. BFEME. RELMIKENKLHAFRRERIQNIR & RAEM ITHELS
RE RS ELIARTE L8 E MR RE DN IEAR _ERVRIFEE, LURIGRIFMAREREREIE, FRONARRER SR
N UABTE. FHIERSE R EERARERFREERK S,



B.10.2 Procedure for particle deposition test

B.10.2 ORI IEF

B.10.2.1 Collection of particles on witness plates

B.10.2.1 TLIEAR ERRAIRTUREE

The witness plate, which should be at the same electrical potential as the test surface, is placed in
the same plane, and adjacent to the at-risk surface during the operational state.The at-risk surface is
at the

FRERST, EE5NHRELTFHREBUNIERRERER—FEAR, F5EMRKREESN. BhiE
£
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location of interest.The following procedures and methods should be followed when manipulating
and collecting particles on witness plates or another test surface:

MBI E, #RENURE IER S — MR E _ERIFREY, NWiEEUL T EFRMGA:
a)
a)

verify that all cleanroom ventilation systems are functioning correctly, in accordance with
operational requirements;

RIBIREER, BWIEFIEEEEBNAREGITER;



b) identify each witness plate and clean to reduce the surface particle concentration to the lowest
b)IRFIE N IR HEE, URREAMALCRERERE

possible level.Determine the background concentration of particles on each witness plate before
exposure;

FIRERIK T, BRIERT, MES I ILIER EFRIETE SIRE;
0)
C)

maintain 10 % of the witness plates as controls.These should be handled in exactly the same manner
as the test witness plates;

REF 10 %R IIEAREAXTER, XL LS M I IER e 2 ARV A AR IE,

d) transport all witness plates to the test locations in such a manner as to prevent particle
contamination from the air or by surface contact;

d) ARG LE = S SR E R S ARIALE BV 75 TOR PR TIERIE i 2N (L B
e)
e)
f)
f)

expose the test witness plate adjacent to an at-risk surface in the cleanroom, such as where the
product is exposed to airborne contamination;

REEAERERRENEANR IER, FN~nRBE TSR ;
determine the time intervals for exposure of the test witness plates based upon the cleanroom air
cleanliness and the particle counting apparatus.The exposure time should be from approximately

one hour to the length of time necessary to obtain sufficient particle deposition to provide
statistically valid data;

RIEESETVEFENTAOITHILE, HENXIERZEEIEER. FEIEINIZMAL—/6
FIR1S B BB RRD AR LUR MR T E BBV BEFr B VBRI E

g) expose the witness plates during the operational state;it may be necessary to expose them
) EIRFRES TEENIER,; FlaeEpEEE ]

during several manufacturing sessions to ensure that the plates are not used in unoccupied clean
conditions where no product is exposed;

FEJLREFIRRER, BRBRMAERETRRBENTNEEFETER;



h) cover and collect the exposed witness plates after exposure and store in closed containers to
protect from further contamination.

hRERBSHBERENIER, HEFEHANSSTR, UHLEH—PFR,
B.10.2.2 Counting and sizing collected particles
B.10.2.2 SHU SRR T 1T ERA 34k

Counting and sizing of particles collected on test surfaces should be carried out to obtain
reproducible data that can be used to determine the cleanliness of the location being tested.

Rz3$ M = E _EREERIBRL ST ERANE, URFRIRTHRENR M ESSEN I BIEE.

When using a witness plate, the number of particles and their sizes can be determined by one of the
following means:

HEAIIEREY, FRRVRERERTALEI AT EZ—HE:

a) optical light microscope with a calibrated linear or circular graticulate;
a) BARAENL LB MBI F AT BN,

b) electron microscope with a calibrated grating with known line spacing;
b)EFEMIR, BHEMLEEAIREHH;

c) surface scanner using size calibration information supplied by the manufacturer.
o)fEAHIEERMENRTRERE RNREFEN.

When using a witness plate, the PDR can be calculated as follows:
fERIIEREY, PDR AJLUTET:

a)

a)

count and size the particles on the measurement area of the witness plates, including the control
plates and categorize them in appropriate particle size ranges, based on the cumulative particle
diameters;

BRI HARTE R B TOIEAR & X i _E BB S TIH AR NE, FRERRFRERF N EE
EHRBRRTSEER;

b) subtract the values of the initial cleanliness of the witness plate from each test result;
b)ME NI RPIBE IR EEEE;

C)



0)

calculate the net concentration in a given unit of measurement of surface area, and calculate the
number that will deposit in a given time.When appropriate measurement units are used, this
calculation yields a PDR in terms of the number of particles deposited per square metre per second.

HEAERERNERMUNERE, AHBEELENENARNERE, SERAEHNNERMN, Xt
HEFET USHWET AKX NRBNFH SR E R TIRHD H 1.

Where multiple test results are obtained, record the mean PDR value at each location and, if
appropriate, its standard deviation.

MREBZNMVRER, EREMIBENTHIRHNHIEE, NREGE, ERETERE.
40
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B.10.3 Apparatus for particle deposition test
B.10.3 Fh AR iR 3% &

Various apparatus may be used for counting and sizing particles that have settled onto a test
surface.These fall into the following categories:

REE R BTSN ERRTENRRE LRSI, XEETF TR
a) light microscopes (particles larger than or equal to 2 m);
AXFEMIR(AFHFT 2 m B9FL);

b) electron microscopes (particles larger than or equal to 0,02 m);



b)EFEMIT(ATHEFT 0.02 KEIFHL);

c) wafer surface scanner (particles larger than or equal to 0,01 m);
o) A RERAMW (AT HZFT 0.01 KAYFTKI);

d)

d)

e)

e)

PDR detection device (particles larger or equal to 5 m);

PDR 2% & (FK A FHFTF 5m);

real-time PDR measurement device (particles larger than 15 m).
Sy PDR MEFE (KT 15 m HIFHL),

When choosing the counting and sizing apparatus, consideration should be given to the suitability to
detect particles in the relevant size range.Other factors to be considered include the time required
for sample collection and analysis.The apparatus used should have a valid calibration certificate.

TR RIS, NESQNEXRTERERATHINERS. FESENEMEREEFRY
EMORPAENEE. EANNENEEBERBIREILER.

B.10.4 Determination of sampling time and surface area
B.10.4 EX#¥ Ry B F1RERBVHEE

The lower the PDR, the larger the required exposed surface area, A, and exposure time, T. The
product of A X T should be large enough to allow accurate determination of the PDR.A value of 20
is suggested for use with the largest particle of interest [see Formula (B.15)]:

PDR #(f, FARRISRERE a IREE t K. x T HFRMVIZEHEKX, URITF PDR BEHINE,
BiEN 20, ATFRMENSEATRI[ZI A (b15)]:

AXT>20
X T>20
(B.15)
(B.15)

where

TEWE



A is the area of exposed surface;T is exposure time.
a TRBREWETR; t SECHE,

B.10.5 Test reports

B.10.5 iRk &

By agreement between customer and supplier, the following information and data should be
recorded:

RIEFPANHNEZERTN, MIERUATEEMEE:

R N N N N N N I R S L VRN

T o s PIEY) 39 9 97 T 99 99 5 9y T

a) type of tests and measurements, measuring conditions, and occupancy state;
a)RFIMERE, MEFGH S ARS;

b) type designations of each measuring apparatus used and its calibration status;
b)ERNEMNENBNE S BMRERERT;

c)

c)

d)

d)

measuring point locations;

MNERUE;

result of measurement.

MELR,

B.11Segregation test

b. 11 5 &A%

B.11.1 General

B.11.1 #fA

This test describes the procedures and apparatus required for assessment of the protective effect of a
specific segregating airflow.Testing can be either across a doorway or across the perimeter of an
area with a higher classification or a specific purpose different than the surrounding area.The test is



performed by generating an airborne aerosol in the lesser classified area, measuring this as the
reference concentration and counting the particle concentration just across the perimeter in the
protected area.The test can be performed at various selected locations along the perimeter under
assessment.

AR T IHERERBE URRIPRRAIENREFMIRE. WA UBEE )0, trUBEEsARK
HARNESFATHEBNXENER, BIEREIRXEF=ETIRFHAL, NEHEFANSER
E, #FitBEFRIFKEBNHMACREREITIR, A& R IR REE L E#H#1To
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This test should be preceded by a classification of air by particles test in the surroundings as well as
the protected area to determine the baseline particle concentration level. The challenging particle
concentration should be of sufficient level to be able to assess the protection factor.

FEMMAZ AT, ROBSIFRAMERFXPRFACINRAN = [SHTHE, UBERLTAIREKT, BHHK
R MEBTRIFREN EBE, REBITHERIFEF.

NOTE Airflow direction test and visualization can be performed to identify the perimeter of the
protected area.

ERALUEITRR A R AR, UBERFRPKIEE R
B.11.2 Procedure

B.11.2 #£FF

B.11.2.1 Generation of reference concentration

B.11.2.1 2EFRENFE



To challenge the protective airflow in the surroundings, a sufficient number of particles should be
generated.Recommended test aerosol particles are described in C.5.3. The mean particle size should
be 0.5 m and greater unless an alternative size is agreed between customer and supplier.

AT HREBABERRIPSR, M=t RBHENTHL, C.5.3 PR THFRNINTUARBHL, FIEEH
MENBREZ MR, SUFYFMRIR TN 0.5 m HEK.

In order to be sufficient, the following should be considered:

NTHEIZESD, NEEBUTLR:
a)
a)

verify that all cleanroom systems are functioning correctly, in accordance with an agreed occupancy
state;

WL AR ER AR T RBAEN S ARSERET;

b) to establish the challenging concentration, the protective effect to be verified should be used to
b)YATHREBRBRLEMERIRE, NERFIIERRIPEIRK

calculate the number of challenging particles based on the anticipated particle concentration within

the protected zone.This anticipated concentration should at least be 10 times the baseline count in
the point to be verified.

RIEBRZRIFXEANTTHIFRE, TEEERAMENNFRE, ZFIREE DN AFEIERELLT
Y 10 12,

B.11.2.2 Equipment geometry

B.11.2.2 g & AR

Test equipment geometry should be determined.The probe(s) in the protected area should not be
more than 0,1 m from the determined air barrier.The challenge concentration probe in the lesser
classified area should not be more than 1 m from the determined air barrier (between aerosol
generator and air barrier).The aerosol generator should be positioned approximately 1 m to 1,5 m
from the challenge concentration probe.

Rz E MR ILE R LAIFAR. RIFKARERKEREHENTTREANET 0.1m. MR R XIHFHIHE
SRERKEERENE[SFE(RBRAESNE[RFEZE)ANED 1 K, UARKESBNATES
PREUREIRETEY 1 KE 1.5 KB E,

NOTE The number of locations where the protected effect is determined depends of the perimeter,
the form of the protected area and agreement between the customer and supplier.

ARRERFRIPFURNUEBRENRTEK. REPEEIFEZNURE A HENEZ BB,

B.11.2.3 Procedure of measurement



B.11.2.3 MEREF

a) The sample times should be determined based on 1SO146441:2015, A.4.4. b) Begin the
generation of particles in the lesser classified side of the air barrier assuring that the

a)BNFF BT E] W ARHE 1SO146441:2015, A4 4HE. b)FFIRET SFEEREFR—M=EHAL, HIR

momentum of the challenge leaving the test apparatus does not overpower the air barrier.c) Record
particle concentration in the lesser classified area at each probe(s).A minimum of three 1-minute
measurements should be taken.

hEBEFANRISENHEFRTBITURRF. )RERETRHBRRDEXXKERFRE, EDNHEITZR
1 HETNE,

d)

d)

NOTE

AR

A dilution device can be required when measuring the high concentration.
NESKRENIRRERETEEE

record the particle concentration in the protected area at each probe(s).A minimum of three 1-
minute measurements should be taken.

EREMRHRIPXIRFRE, ELDNEIT=R 1 DHNE.
B.11.2.4 Calculating the protection index

B.11.2.4 itH{RIFIEY

The protection index is calculated with Formula (B.16):
RIFIEHRAA(B16)IHE:

PIX = -log (CX/CRef)

PIX =-H&(CX/CRef)

where

M2

(B.16)



(B.16)
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CRef

CRef

CX

CX

PIX

RhA

is the reference particle concentration, expressed in p/m, for particles >0,5 pm (challenge
concentration) of the nearest reference particle counter, (guidance value: >5 X 10/m).

BRIENSENFIH BRI F >0.5 FeRBEEGRE)ISERFRE, MUp/m KRR, FESE>S5 X 10/

m).

is the average particle concentration at measuring point x, expressed in p/m, for particles >0,5 pm;
XFF=0.5 HKRVRIF, MES x BRI FRE, Llp/m KK,

is the protection index;

ERIPHEE

B.11.3 Test reports



B.11.3 Witk &

By agreement between the customer and supplier, the following information and data should be
recorded as described in Clause 5:

RIEZ A MM ZBBIMY, NMARIRSE 5 FFTRIER U ME S MEdE:
a) designation of the type of each measuring apparatus used and its calibration status;
a)fEEFERNES NNENBHRERERERT;

b) data collection technique;

b)EIEWERK;

c) measuring point locations;

OMNERME;

d) occupancy state(s);

(d)SRARE;

e)

e)

T o s EEEY) 39 9 97 T 99 95 5 9y T

result of measurement.

MELER,
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Fd =

(informative)
(IE21%)

Test apparatus
RIEE

C.1 General

C.1 #fiA

Annex C describes the measuring apparatus that should be used for the recommended tests given in
this document.

MR C #8R T BT AL hpEEFE I 2R,

Data given in Tables C.1 to C.9 indicate the minimum necessary requirements for each item of
apparatus.Items are listed and numbered to correspond with Annex B. Those responsible for
planning tests can refer to Annex C for the selection of test apparatus and to Annex A for a checklist
of recommended tests of an installation and the sequence in which to carry them out.Measuring
apparatus should be chosen subject to agreement between the customer and supplier.

& C1 E CO L LRHRIERIA T SMRENRESEE R, HEMNFILMES S —. HFkitel
MBI AR SZ M CEFENNIEE, SZMF A EFRNNRENNZREREAITIRF. NRHE
B PN EZ BRI IGEE N EMNEE,

This annex does not prevent the use of improved apparatus as it becomes available.Alternative test
apparatus can be appropriate and may be used subject to agreement between customer and supplier.

KA ERI AN #HIRE, BANRIKEREREEEN, HAFLRES PN Z BT
WEA.

Test apparatus should be selected with measurement limits and range that are appropriate for its
application.The apparatus should also be calibrated with calibration points covering the range of its
intended use.All test apparatus sensitivity (3.1.7) should be 1.

MidigEREENAEEESENANNERRIERE, (RN ERREETIRETEENIRERHT
B FRE NS RBE(3.1.7)MA 1,



Minimum requirements for test apparatus are given in this annex with a requirement specified for
maximum permissible error.Below is an explanation of how the maximum permissible error for an
air velocity meter can be estimated.

AHHFLEH TURIRENREER, HFRAETRAAIFIRENER, UTENAGRETSIEETRAD
TR ZERER,

There are at least three contributions to the maximum permissible error:
BRAAFREEVE=1TEE:

— the expanded calibration uncertainty (given in the calibration certificate);
— BRRETHEE(EREIERPLAH);

— the sum of the random errors' absolute values (after correcting for systematic errors, random
errors|] still remain.Each of these give rise to variations in repeated observations of the quantity to
be measured);

—RENIRELEZMRERRIRER, BIIREDNAFE. SHRLISSREENRGFNENE
0);

— yearly drift.
—FF%.

For the purpose of this example, the expanded calibration uncertainly has been given as 0,025 m/s,
the sum of the random errors is 0,03 m/s and the yearly drift is 0,005 m/s.

HFARGINERN, FEBRETHEEWSLL N0, 025K/, MHIREZMHFO0, 03 K/4F, FEEH
0, 005 K/#

Adding these three contributions gives 0,06 m/s. Assuming the errors are symmetric around 0, this
gives the values for the limits of error (maximum permissible errors) of 0,06 m/s.

KX = tEnmiEsl 0.06 K/F. RIGIRETE 0 EEXIHR, X4AH T 0.06 K/FENRERIRE(RAAITF
RE)

NOTE This value of 0,06 m/s is not an uncertainty.Instead, the limits of error indicate the interval
inside which the measurement error is permitted to be[].

7E:0.06 K/AHVEEFRZFRAE M. Bk, RERBRRTAIFNEIRE AR EEFE]
C.2 Air pressure difference test

2 ESEENE
C.2.1 General

C.2.1 #R



The minimum requirements for the air pressure difference test apparatus are given in Table C.1.
& Cl /T =/REEMNIGERMEERK

T o s PIEY) 99 9 97 T 99 99 5 9y T
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Table C.1 — Air pressure difference test apparatus

& C1—SEENHIRE

Item Minimum requirements

Measuring limits N/A

Resolution 0,5 Pa (0 Pa-49,9 Pa) 1,0 Pa (=50 Pa)

Maximum permissible error The greater of 2 Pa or 5 % of reading
(Mechanical gauges can be used for continuous
monitoring reference but not for testing due to
potential errors)

=] RIRER




&R PR &R

fiRR 0.5 Pa(0 m8-49.9 18)1.0 PA(=50 tA)

RABIFRE 2 Pa 5(IE# 5 %R AKE
(AFEEIRE, IMNETRTESRIESE, B
FEERT M)

C.2.2 Electronic manometer, to display or output the value of the air pressure difference between a
cleanroom or clean zone and its surroundings by detecting the change of electrostatic capacitance or
electronic resistance due to the displacement of a diaphragm.

C22 BFENIT, BICNHRERAISSENFEESNEFEENTL, ErsiRtiEfEERK
S5HEBEWRZ ENSEEE.

C.2.3 Inclined manometer, to measure the air pressure difference between two points, by detecting
with the eye amplitude inclined scales which indicate the small pressure head (height) in a gauge

tube filled with liquid such as water or alcohol.Care shall be taken when using this type of
measuring device.It should be level and used in a fixed position.

C.2.3 ffHEDIT, BIARBEELUFANLERNERRZENZ=SENE, MRUERTRHRIE
(AKEGER)RTNEEFRVNEXR(BE). ERAXMERNNERERNN /D ENIZZKTH, HEE
R ERER,

C.2.4 Mechanical differential pressure gauge, to measure the air pressure difference between two
areas by detecting the movement distance of a needle connected with a mechanical gear or magnetic
linkage to the displacement of a diaphragm.Care shall be taken when using this type of measuring
device.It should be level and used in a fixed position.

C2ANMEER, BIRNSHTMEIE I ETBAERNH AN FIRIRUZNEMEERNER N XIE
ZEINESEE. EAXMERNERERN/ . ENZEXKTHN, HEBRENUERR.

Careful consideration should be given to selecting the appropriate gauge range when using this
apparatus.

ERIZMNEEN, NMFAEEREESENERE,
C.3 Airflow test

C.3 Szt

C.3.1 Air velocity meter

C3.1 = &EEIt

C.3.1.1 General

C.3.1.1 #R

The minimum requirements for the air velocity test apparatus are given in Table C.2.



& C2 e T =RREMEIREHIRIEER

Item Minimum requirements

Measuring limits N/A

Resolution 0,01 m/s (0,20 m/s-0,99 m/s) 0,1 m/s (>1,00
m/s)

Maximum permissible error 0,1 m/s (0,20 m/s-1,00 m/s) 10 % of reading
(>1,00 m/s)

=] EIREK

MER R &R

fRR 0, O1K/F(0, 20:K/F-0, 99 K/F)0, 1K/F

(=1, 00 K/F)

BATIFIZE SR 0.1 H/F5(0.20 H/F-1, 00 K/F)10 %(k
? 1, 00 K/Fb)

C.3.1.2 Thermal anemometer, to calculate air velocity by measurement of the heating power
necessary to maintain the electrically heated sensor, exposed to the airflow, at a fixed temperature.

C.3.1.2 AN, BIENEFRBEETATBMALT BRI RIFEREREFAFNMANRKTEES
®E,

C.3.1.3 Three-dimensional ultrasonic anemometer, or equivalent, to measure air velocity by sensing
the shift of sound frequency (or acoustic velocity) between separated points in the measured
airflow.

C.3.1.3 =R RNEITHFNY, BIRNNERAP N BERZENEEMR(HER)TURNET
[EE

C.3.1.4 Vane-type anemometer, to measure air velocity by counting the revolution rate of the vanes
in the airflow.

C.3.1.4MHAIUKET, Bt RESARHANRERNE=TERE,

T o s EEEY) 39 9 97 T 99 95 5 9y T
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C.3.1.5 Pitot-static tubes and manometer, to measure air velocity from the difference of total and
static pressures at a position in the airflow.

C.3.1.5 REEMENM, RIEBESAFE—(ENSENBREENESEE,

C.3.1.6 Tube array, to measure air velocity from the difference of total and static pressures at a
position in the airflow.Averaging airflow grids use multiple tube arrays to simultaneously measure
airflow on a grid and provide an average velocity, using an electrical multi-meter manometer.

C.3.1.6 &MY, RIBIAFE—(MUENZENBREENESVEE, FHIRMBERZSIMERTIRE
B ERE_ERYSUR, HERZKEFENIHRETIIERE,

C.3.2 Airflow meter

C.3.2 51t

C.3.2.1 General

C.3.2.1 R

The minimum requirements for the air volume flow rate test apparatus are given in Table C.3.

& C3 4 T =R FURE NI EHIREER

Item Minimum requirements

Measuring limits N/A

Resolution 0,001 m/s

Maximum permissible error 0,5)1) m/s (0 m/s-0,1 m/s) 10 % of reading (>0,1
m/s




=] RIRENK

MR PR REHB

R 0, 001 K/#b

BABIFIZE EAREY 0.01 HK/FD(0 K/AD-0.1 K/F)10 %(AF 0.1
/8)

C.3.2.2 Airflow capture hood with measuring device, to measure air volume flow rate from an area

over which there can be variations in airflow, providing an integrated air volume from that area.The
total airflow is collected and concentrated so that the velocity at the measuring point represents the

cross-sectional average velocity from the total area.

C3.22 FEMERENTRBERE, BTUETAVERUNKEN=SERAE, RHEZKENGS
TRERN. WEHERESRR, ENERNEERRSERIEEE TI9RE.,

C.3.2.3 Orifice

C.3.2.3 7Lk

C.3.24

C.3.24

meter, refer to ISO 5167-2[] .

&R, SEERRTENLES 5167-2[] o

Venturi meter, refer to ISO 5167-4[] .
XEERE, SEERTENLALR 5167-4[]
C.4 Airflow direction test and visualization

4 5o A A AT R4k

C.4.1 Apparatus, materials and accessories for airflow direction test and visualization, see Tables
B.1 and B.2.

C.4.1 SRARMIRAM AT RRYISE. MERIMEE, WERB.1FB.2
C.4.2
C.4.2

C4.3



C4.3

C44

C.4.4

Thermal anemometer, see C.3.1.1.
AMET, TC.3.1.1
Three-dimensional ultrasonic anemometer, or equivalent, see C.3.1.2.
ZHBREENERITEEFRY, 1C.3.1.2
Aerosol generator.

[BR K2R

C.4.4.1 General

C.4.4.1 #ER

Aerosol generators for tracers in flow visualization may also be referred to B.3.4. Some application
examples, such as particle generators and ultrasonic nebulizers are given below.

N

AR R UAR A EEMAISE B34, THEHAH T —ELNARE, NFRESINEERK
= HEso

/)

Jd

C.4.4.2 Ultrasonic nebulizer, to generate aerosols (mist), employing focused sound waves to
aerosolize a liquid (e.g. DI water) into fine droplets.

C.442 BERENR, BTHESBERE), RAREFKBEREBINESFK)EUHRA/NRRE.

C.4.4.3 Fog generator, to generate aerosols (mists).A thermally produced aerosol of DI
water/glycols/ alcohols.

C.443 FXRER, BTHERBR(ER), AEBTFK/ ZE/BERRERNTER.
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C.5 Recovery test

C.5 k& izt

C.5.1 Light-scattering airborne-particle counter (LSAPC), capable of counting and sizing single
airborne particles and reporting size data in terms of equivalent optical diameter.Refer to ISO
14644-1[] .

C.5.1 XERTSHFitEes, EBRNENTKFHITIHHNNE, HFRESFHAFERIRERTHE.
SEEMMRELAR 14644-1[] o

C.5.2 Aerosol generator, capable of generating particles within the size range 0,1 m-1,0 m at a
constant concentration, which may be generated by thermal, hydraulic, pneumatic, acoustic,
chemical or electrostatic method.

Ch.2 HBRALER:, BBLUIEERESSE 0.1m-1.0m RSEERMFHL, h@EdH. &RE. |t A
F. FEEER LA L.

T s PIY) 5 9 97 T 9 5 5y T

C.5.3 Test aerosol source substances.Typically, the following substances are used to generate test
aerosols, liquid or solid test aerosol for generating by spraying or atomizing into the atmosphere:

NEEREIRSPM~4E:

a) poly-alpha olefin (PAO) oil, 4 centistokes PAO;

)& a-1&IZ(PAO)H, 4 EH PAO;

b) dioctyl sebacate (DOS);

KR ¥FE;

c) di-2-ethyl hexyl sebacate (DEHS);

R —-2-2E 2 B5(DEHS);

d) dioctyl (2-ethyl hexyl) phthalate (DOP1)) (e.g. CAS No. 117-81-72));

PER_AR_EEEQ-2E S E)(DOPL))(HlIiNFXHHEttm S 117-81-72);



f)

f)

food quality mineral oil (e.g. CAS No. 8042-47-5);

BmREN YrB(iIFE X Et14RS 8042-47-5);

paraffin oil (e.g. CAS No. 64742-46-7);

AR FEXEL RS 64742-46-7);

g) microspheres with an appropriate diameter.

g) BB EHERNRIK,

If the required concentration can be achieved, atmospheric aerosol may also be used.
NREETSAFIEKRRVKE, BA]LERARSSRER.

C.5.4 Dilution system, equipment, in which the aerosol is mixed with clean air in a known
volumetric ratio to reduce concentration.

CH5AMRBRARS. g%, HPRNAREFEZT[UBMNAERLILES, URRRE,
C.6 Temperature test
C.6 B

The temperature test should be performed using a sensor that has accuracy as defined in ISO 7726,
[1 for example:

BEMANERRBEMRLENAR 7726()FE X EHRERNEREHT, il
a)

a)

expansion thermometers;

FERCRETT;

1) liquid expansion thermometer;

1)BEEACRE T

2) solid expansion thermometer;



2)BUARE AR 1T

b) electrical thermometers;

b)ERIREEIt;
<)
<)

1) variable resistance thermometer, including;
DT EREET, 8F;
— platinum resistor;

—$AEEMHE

— thermistor;

gty CENE|

2) thermometer based on the generation of an electromotive force (thermocouple);
DETFHENEFERRETTRER);

thermomanometers (variation in the pressure of a liquid as a function of temperature).
RAEAH(REENEEENZL),

1) In certain countries, the use of DOP for filter testing is discouraged on safety grounds.
DEFRLEER, HFLEEE, FRMEBER DOP #T:IiIEes M,

2) CAS No., Chemical Abstract Service Registry Number, substances have been registered in
Chemical Abstract, issued by American Chemical Society[] .

DUEXEHFIRS, WEXEHLEIRS, YREBEEEKFEFZ2(H2L2HH (WEXXE) PEid.
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The minimum measurement resolution requirement for the apparatus is 20 % of the allowable
temperature range for the difference between the set point temperature and the permissible range of
variation allowed from that set point.

ZIRENRNNEDHERERZIRE R RENZILERATNATE N ERZEZNAIFREEER 20
%o

NOTE The requirement of range, accuracy, etc., depends on the purpose of the cleanroom or clean
zone.ISO 7726[] is for a general purpose.

AREE. BHEFNENR, , AT EEENEEXIAR, EffrENAR 7726))2BA/.
C.7 Humidity test
C.7 ZEMi

Humidity tests should be performed using a sensor that has accuracy appropriate to the
measurement as stated in ISO 7726[].

EENANERMSEMRREMAR 7726[FrR N EFEE I E RBEHT
Typical sensors are:

HAREREEE:

a) dewpoint hygrometers (e.g. psychrometer);
a)BREEIT(HIINTFER);

b) electrical conductivity variation hygrometer;

b)BESRTWEEIT;

1) lithium chloride hygrometer;

DRLSEREIT;

2) capacitance hygrometer.

)BREEIT,



The minimum measurement resolution for the apparatus should be 20 % of the allowable relative
humidity range for the difference between the set point humidity and the permissible range of
variation allowed from that set point.

NBHRNNEDMRRNNIZE REEFIZIKE /RATREE 2 ZRN AVFEXEESEER 20 %,

NOTE The requirement of range, accuracy, etc., depends on the purpose of the cleanroom or clean
zone.ISO 7726 is for a general purpose.

AREE. BHREENENR, , AT ERETEEXNAR, BEffrErAR 7726 BEAN.
C.8 Installed filter system leakage test
C.8 2R BAR G RmNIR

C.8.1 Aerosol photometer, to measure the mass concentration of aerosols in milligrams per cubic
meter (mg/m).The aerosol photometer uses a forward scattered-light optical chamber to make this
measurement.This apparatus may be used to measure filter leak penetration directly.

C.8.1 TARNEN, BTNETARNRERE, BUANERBIUHTR(ZBR/K), BERLEITHERR
S AAFERITINE, ZREVATERNETREMRFEEER,

The minimum requirements for the aerosol photometer are given in Table C.4.
& CA /T RBRLEITHNREER

Table C.4 — Aerosol photometer

& C4 —BRILET

Item Minimum requirements

HE &REKX

Measuring limits 0,000 1 mg/m to 100 mg/mResolution 0,000 1

MEZPRE 0, 000 1 ZE5=/KE 100 252/ KRR %0, 000 1

Maximum permissible error 10 % for the selected range
EEBENRAAITFIZREN 10 %

Sample probe tubing dimensions (length and internal diameter) should comply with manufacturer's
recommendations.

BARHEERT(KEMAR) M EHISEHRIEN.
NOTE
AR

C.8.2



C.8.2

C.8.3

C.8.3

C.84

C.84

C.8.5

C.8.5

Sample probe inlet dimensions are detailed in B.7.2.2.
BARRFAORTIER B.7.2.2

Light-scattering airborne-particle counter (LSAPC), see C.5.1.
HERNT SR FITEkEs, WC.5.1

Aerosol generator, see C.5.2.

[ERAERE, WC.5.2

Test aerosol source substances, see C.5.3.

WA SBRRYE, W C.5.3

Dilution system, equipment, see C.5.4.

WREARS. 9&, WC54
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C.9 Containment leak test

C.9 et

C.9.1

C.9.1

C.9.2

C.9.2

C.9.3

C.9.3

C.94

C.94

C.9.5

C.9.5

Light-scattering airborne-particle counter, see C.5.1.
HEFERFiTERES, WC.5.1
Aerosol generator, see C.5.2
[ERA%ESE, WC5.2

Aerosol source substances, see C.5.3.
SERIEYIER, C.5.3

Dilution system, see C.5.4.

WRAER, WC.54

Aerosol photometer, see C.8.1.
SEBEROLEI, WC8.1

C.10 Electrostatic and ion generator test

C.10 BEBEMBEFRERNI



C.10.1 Electrostatic voltmeter, to measure the average voltage (potential) in a small area by sensing
the intensity of the electrical field at an electrode inside a probe through a small aperture in the
probe.

C.10.1 FHEEBER, BIRXEANFUICTIERKNBER ERB7RE, NE/NERANFIYBEER).
The minimum requirements for an electrostatic voltmeter are given in Table C.5.

& C.5 AN THERERNRREX

Table C.5 — Specification for electrostatic voltmeter

&= C.5 —FHEBERITE

Item Minimum requirements

IERREKR

Measuring limits (1-20) kV Resolution 10 V (1 kV-20 kV) Maximum permissible error 10 % of
reading

MERPR(1-20 FR) P PR 10 A1 F1R-20 FR)RAARIFIRE 10 %i%REK

C.10.2 High resistance ohm-meter, to measure the resistance of insulation materials and
components by sensing leakage current from a device applying high voltage to a device under test.

C.10.2 SFEFIBER, BN REBNIRE NS ENI SRR E RN EL SR HRI B,
The minimum requirements for the high resistance ohm-meter are given in Table C.6.
* C.6 A T SMAERBRNRREX

Table C.6 — Specifications for high resistance ohm-meter

&c.6 = PEER I R AT
Item Minimum requirements
Measuring limits 1000 £ to 20 GQ
Resolution 0,01 MQ
Maximum permissible error |5 % of each full scale
Test voltage DC100Vto 1000V

C.10.3 Charged plate monitor, to measure the neutralizing properties of an ionizer or ionization
system.

C.10.3 B TREMEE, AT NERERHEERZNPMFIE.

The minimum requirements for the charged plate monitor are given in Table C.7.




IR B as R EKR & C7

Table C.7 — Specifications for charged plate monitor

T, 7—HBERETRENE

[tem Minimum requirements

I H RREX

Measuring limits 5 kV

MEMRE S K

Resolution 0,1 V (<100 V) 1,0 V (>99 V) Maximum permissible error 5 % of full scale
SR 0.1 fR(< 100 £R)1.0 K> 99 RR)RmAAFIRENHEIZHI 5 %

3 9y PEEY) 39 9 97 T 35 3 5 9
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C.11 Particle deposition test

C.11 FhpaAitie

C.11.1 Witness plate material. Depending on particle size to be detected and means of measurement
the following may be used:



C.11.1 iEtRA#L, HRIBERNAFRRTNES %, AJUERUTEE:
a) micro-porous membrane filters;

a)FLART IR 2S

b) double-sided adhesive tape;

b)RE R ;

c) petri dishes;

C)iBF M,

d) petri dishes containing a contrasting colour (black) polymer, such as polyester resin;
d) S AN AR ) REYNREENIERIETR;

e)

e)

f)

f)

photographic film (sheet);

BERAR);

microscope slides (plain or with evaporated metal film coating);
ENBRHRA(EENELAEBERERE);

g) glass or metal mirror plates;

gWIBRERBHTR;

h) semiconductor wafer blanks;

h)*¥S k& %K

i)

Y,

),

),

glass photo mask substrates;



IR AR
transparent plastic plate.
BEAZERIR

The surface smoothness of the witness plate should be appropriate for the size of the particles that
are counted to ensure that the particles are easily visible.The selected witness plate material should
be electrostatic neutral. The means of measurement employed should be capable of resolving and
measuring the smallest particle size to be enumerated.Witness plates that need to be transparent
should be free of defects.

TIERBRESCBEN SHITERIIRTEEN, UHERTHLS TEN. Frksy IEREIR R 8
Fit, FrRBRIMNES AN ZEEB DN ERTIZENR/NTRR Y. FEERBIIERN TR,

Particle deposition can be determined by measuring the area coverage of deposited particles or by
counting (and sizing) of particles deposited on the witness plate during exposure.Particle deposition
measurement can be divided into particle sizes within the air cleanliness level range (0,1 m to 5,0
m) and macro particles (larger than or equal to 5 m).

FRLTUAR AT LUEID M £ AR FAL A E AR T8 5 R 3B X BR SRR B AR TE MIEAR _E AR AT I8 (RN E
REN)FHE. BREAFNER 2 AEREFEKFEERNMNBAIRT(0.1m = 5.0m)MAFHRR T (KTF
HEFS m)o

Item Minimum requirements

Measuring limits Surface number concentration: 1/cmto
10/cmParticle size: 0,1 mto 5 m

Resolution Particle size: 0,1 m

Maximum permissible error Particle size: 1 m

mA IREK

1% PR REHCRE:1/cmto 10/cm FHIE:0.1m Z5m

fiRR RIEE:0.1 K

RABRIFIRE RIRE:1 K

Table C.9 — Particle deposition measurement macro particles test apparatus

& C.9 —FRDTIAR N 8 R AL i 1% &

Item Minimum requirements




Measuring limits Area coverage: 1 m/mto 5 000 10-6
m/mParticle size: >5 to =500 m

Resolution Area coverage: 10 10—-6 m/mParticle size: 10 m
Maximum permissible error Area coverage: 20 10—6 m/mParticle size: 20 m
= RIRERK

&R PR ERBEZCE:1 K/Z$E 5 000 10 6 K/ZtH, ki

R~F:=5 2500 K

fiIR EMEE:10 10-6 K/ FFHK
RABIFIRE X B & EE:20+1046 K/FFHK

C.11.2 Wafer surface scanner, to measure particles using a laser scanner and microscopic or
electromicroscopic imaging devices to size the detected particles.

C.11.2 BRE&EABN, ERAMNABNNEHMNBEFEMMNGIRENETHL, URERNFRAIRT .
50
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C.11.3 Particle fallout aerosol photometer, to measure total scattered light from particles sediment
upon dark glass collection plates, and reports these data in terms of a sedimentation factor that is
related to the concentration of sediment particles that would deposit upon critical surfaces.

C.11.3 honbE ARt E, BTUERGKBIRER EBRCARYIN S8, FRESARMEX
SRR E_ERUIARYIBRLR AR KR IAR B F ik & X Lo £z

Calibration is carried out by fluorescent particles 4 m and 10 m or polystyrene microsphere of 90 m
and 45 m nominal.Measured area is <2 cm.

BOEBRTRFRMEDT 4 KF 10 KAV IERAIEL 90 KA1 45 KEVEBRZIHHIOHTT, MEEIVNTF 2 EXK,

C.11.4 Surface particle counter, to measure the number (and size) of single particles deposited on a
surface by scattered light.

C.11.4 REFHLITEEE, ATFNEHICARERED LS NTRIVHEFIRT).

Measured area is 0,2 cm to 3 cm.Measured area can be increased by scanning.Size resolution is 0,1
m to 25 m depending on selected optical system.

MEEIRN 0.2 EXE 3 EXK, AILUEITHERKEMNEER. RYDYWERN0.1m E 25 m, BEEUR
FFMERIFEF R Yo

C.11.5 Particle deposition meter, to determine the number of particles and their size on a glass
witness plate.The glass is illuminated from below.A coordinate table is used to scan a relevant
area.Vision software can be used to determine the particle size distribution.From the particle size
distribution, the measuring surface and the exposure time, the particle deposition rate can be
determined.

C.11.5 BHDATRY, BFHERBINIER ERFHRSERERY, KIBENTERRS. LIirRATEE
XX, MERGAIRTHENESD . RIEFIRT2/m. NEXREMEBLE, ALRERNLT

PR,

C.11.6 Optical particle deposition monitor

C.11.6 FHHTAR iz e

An optical system detects particles on an inclined surface by examining the change of the
interference pattern of an extended laser beam.Measuring surfaces from 10 cm to 100 cm can be

achieved.An example of a commercial apparatus has a detection surface of 60 cm.Particles >20 m
can be detected.The particle deposition result is given on the projected horizontal surface.

RFRGBEINEY RAARTIERNTARQNARRE LR Fo FTIASKIIM 10 EKE 100 EX
RUNERE, BUIREN—IFIFEE 60 EXRNRE, AILUZNEI=>20 m R, HIFRIRER
ERFBKFE LA T,

T s PIEY) 39 9 57 T oy 99 5 9y T

C.12 Segregation test



C.12 BEHridie

C.12.1 Light-scattering airborne-particle counter, see C.5.1.
C.12.1 BN =SKIFit#kes, M C.5.1
C.12.2 Aerosol generator, see C.5.2.
C.12258RAERE, WC.5.2

C.12.3 Aerosol source substances, see C.5.3.
C.12.3 SARRYE, W C.5.3

C.12.4 Dilution system, see C.5.4.
C124%RBAY%, WC54
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