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Foreword i &

[SO (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.

1SO C(HFrbr#EAALD N ERE EARMEAZ (IS0 B MIBRE 2. EFLHIT E brss k1) LM
HORIEIT 1SO IR R TER . &R AU N FORZR R RN IR R, A RS INZEOR
AR TN, EEr LS 1SO fRIFIECAR EUR B IFBUR IHZ, BT St T/, 1S0 £/
AEARHERI B FEE T, SERLRBARE RS (EC) AERHEE.

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 (seelwww.iso.org/directives).

AL et — D HE IR FE P ISO/IEC 45420 1 0. JUHEHERRRAFIE 1S0 XA HY
HEAEARHE R AR o ARSCHFARYE 1SO/IEC 18455 2 # 7 gmiR HE L B .

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 [SO list of patent declarations received (seeqwww.iso.org/patents).

P AP S BT RUAR, 1SO AT UL E T3 A IR S B R A . 26 SCREIT It
FErb BT RV E AT LK T RT3 /B ICEI 1 150 RIS I Al (3 i[ww ]

w.iso.org/patents) -

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

AT BT AR B AR DO - PR I 2, R PEidEE.

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

w.isqlorg/iso/foreword.html

KT hrife B BB AR, 1SO0 THARERE R UL ERFEMIHEE REKRD, A IS0 5 WHO
S REE2: (TBT) JENEIEE, 2 0|lwww.isdlorg/iso/foreword.html}

This document was prepared by ISO/TC 209, Cleanrooms and associated controlled environments.
ASCA T 1SO/TC 209 “Ji i3 = MG T L EL

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 ajwww.iso.org/members.html

JIT AT AR ST I SR st ] R B8 AR AE 4 L P i /e B R AL AR . FE i [ ww |

w.iso.org/members.html |F 7] % 211X LA A4 ) 56 55 H

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:

AN 1S014644-3 B R, BUREE R (ISO 14644:2005) . ARRASZERTBRIER FHAT THAR
WEELT . SETRRAML, FEARWA:

— |Clause B.7 has been simplified and corrected to address concerns over its complexity and noted errors;
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— fHLEE B.7 4%, AR R 2 O DI T e B R

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

—  WRE AR BEHEAT R D PO R T O 2 14644-1.

— the text of the whole document has been revised or clarified to aid in application.
— BRI AT T AT EETE, AN .

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

H7E 1SO ‘B M R4 E 1SO 14644 RBIMIFTAT 57
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Introduction 5| =

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.

T S SO R S A A B IR TS e ) 238 /KPR SE BONTS B BUR NS 3. 3238 T2 ARG Jed%
B A DA A WA BT Z5dh. BTG BT AR

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.

ASCAFVE T & 75N W X BRI I PR RE, BRI R BN R X, 5
ARG R, TR RSE. IRFM ARG

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 1SO 14644-10 (levels of surface cleanliness by chemical
concentration).

T ARSI R BRI S ESES LT . iR 2 S P ok i BE BT 15 1 o0 G (I YA RIS 8 2L AN 1SO
14644-1 1, KGRI FE 25 0% 19 FE W AR HE VN 1SO 14644-12 . #iE H'e 5 @/ ek T 2 E=E
Y XA KRB S HU0 7 A ERLE 1SO/TC 209 M F P H B SO B ATHe T, S pdss Fsil (1so

14698 R . WEHFHINEERI (1SO 14644-4) , DLLFBEHEERN (1SO 14644-7) 1 . Aok, IR HEHE
AR HE TS ) e 4 B AT SR T 1SO 14644-8 CREARAL 244 5 1 52 1 28 S5 1 FE K ) + IS0 14644-9

AR DR R B 1 5 (R R TS 1R FE KT DA 1S014644-10 CHEARAL 2524 58 e P55 7 52 1 28 T Vi 4 B /K)o

M,
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Cleanrooms and associated controlled environments —
Part 3:
Test methods

TEFE SRR ----5 3 i RWE

1 Scope G
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.

ARSCAFIE T SCRE BRI 1 X AT G R on] . F i 1 8 M RTAH DG S2 43 SR A R AR (R A DU 7 2

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.

PEREMA 7> D PRP A (BRI 1 X PR AR i, A=Al S ARG B8, S Mmshas.

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.

PERESBUG I 7 2 St 1R Bt 1A NSRS AAS IR PP A 18 P SRS 7595 32 358 14 = B 44 1) R 1)
o, UKL ERT .

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.

XA AR, BCR A R A AES DUE & AR & m {5 . AR 7 5 BN 2 8] 3k B
A A SO RSN BT 12 BARTT VR AN 0 AR AL 45 ) Y DU

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

ARSCAFANE F 30 18] 49 DX B B 2 B i B Z T

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.

E: A EEMRIER SR ZeHE (i, EHaEWE. BIEMBEN) o AR EERE S X
S5 SLE M 2 AN ARG, R A 2 BT R VPR R A P 1k

2 Normative references 3| F b

There are no normative references in this document.

AR G| HFRUE
3 Terms and definitions RIEF & X

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

ANV RAREANE LA

[SO and IEC maintain terminological databases for use in standardization at the following addresses:
ISO A IEC 4E4 DA Wk P9 fR b v A BT AR i e «

— SO Online browsing platform: available ajhttps://www.iso.org/obp
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— IS0 EZ % °F 4 |https://www.iso.org /obp

— IEC Electropedia: available at{http://www.electropedia.org/
— IEC H7 A #Hhttp://www.electropedia.org/

3.1 General terms —fARE
3.1.1 Cleanroom ¥ |g]

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

ARV RL T BT IR A R 1), Horh . gl AR R nT 4 h 5l N AR ORI Bk T
% ]‘Eﬂ W o

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

F 1 FAEIERLT 00 AT HUE .

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.

E 2. e E RIS P WA ERAORGOR I, LR s T T R RS s
PRI A DR BE TR AT 46 58 I 32 4%

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

3. DEMNIRAEHILEM Y B S, WiRE. B K. R MEE.
[SOURCE: ISO 14644-1:2015, 3.1.1]

[okJ5: 1SO 14644-1:2015,3.1.1]

3.1.2 cleanzone {EFHX

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

TRBFRL T RO IR ARy R B A ), Heth s @ AR R AT SN A R B kL
TTZERN.

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

1 BAEFRT 0N CHIUE .

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.

2 B REEACE ISP A SRR GGR L, DLRR I 5 T AR T AR,
PRI A DR B TR R 45 38 I 52 4%

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

VE 3 31 DAL DU — Nyt 4 (8] P P P2 ) R ] bl — B B S o SRR B W] DL TR i R 9 A

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

VE 4 HEMHYBSHIN T ER AT, PIWERE. WE. K. B fERH.
[SOURCE: ISO 14644-1:2015, 3.1.2]
[kJs: 1SO 14644-1:2015, 3.1.2]
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3.1.3 Installation J& /% ¥ it

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

EFEE AN NE R, SHATEMREN . SRS RS BERAH RS — RN
Wt o
[SOURCE: ISO 14644-1:2015, 3.1.3]
[oRJR: 1SO 14644-1:2015,3.1.3]
3.1.4 separative device [EE5E

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

SR ARG AN /72 T EAE 3 P AR N A1 18] B 2 v & B B /KPR B o

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

1 AR THEEREEN AR, RMESETN. FEM. RESNMAs.
[SOURCE: ISO 14644-7:2004, 3.17]

[okJf: 1SO 14644-7:2004,3.17]

3.1.5 Resolution 7} #HR

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

EIFSTIE 3w s JVATIN DS =2V k=K =18

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.

L PRI T, filhn, WRA (NEERAMNES) EREEEE. JRA]ARE TR IR .
[SOURCE: ISO 14644-1:2015, 3.4.1]

[kiF: 1SO 14644-1:2015,3.4.1]

3.1.6 Sensitivity REEF

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

D 28 40 7 AR A B 55 1 DN 2 A0S 23R A B EE A

3.2 Terms related to airborne particles 5% 5 &Fb. FH RXKARIE

3.2.1 airborne particle Bk 7

solid or liquid object suspended in air, viable or non-viable, sized between 1 nm and 100 pm
RIFESSHM . KM 1 nm 2 100pm (35S BCE S HE D BRI BT

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

T 1: fE5 R 2% 1S0 14644-1:2015, 3.2.1,

3.2.2 count median particle diameter {+#(+ &

median particle diameter based on the number of particles

MRAERL 7 ECE AT AR E

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.

=
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1 AR E R R RR RS N TR, RO R R TR
3.2.3 mass median particle diameter JRE+H&

median particle diameter based on the particle mass

AR AT AR

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.

I 1 BRI PrAR T BB ER R BN T RE AR T, ek B R T R T E AR T
3.2.4 particle concentration HFIRE
number of individual particles per unit volume of air
LR VAL Al R f VAT b
[SOURCE: ISO 14644-1:2015, 3.2.3]
[>RJH: 1SO 14644-1:2015,3.2.3]
3.2.5 particle size Bif%

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

FEFRE IR T RO I E A b, A AR = TR (i 2 ) BR 1A (1) BLAR
Note 1 to entry: For light-scattering airborne-particle instruments, the equivalent optical diameter is used.
1 OGO AR TR B R S B AR
[SOURCE: ISO 14644-1:2015, 3.2.2]
[okJE: 1SO 14644-1:2015, 3.2.2]
3.2.6 particle size distribution R.2 540

U1

cumulative distribution of particle concentration (3.2.4) as a function of particle size (3.2
FLF IR LR RAR AT, R RLAR 1 BR AL
[SOURCE: ISO 14644-1:2015, 3.2.4]
[oRUE: 1SO 14644-1:2015,3.2.4]
3.2.7 testaerosol JIRASBE

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

H 2% QORI SZ AR 3 AT PR JEE 1 ] AR / AR 1 S B )

3.3 Terms related to air filters and systems 5% 518231 RAH RKKARIE
3.3.1 aerosol challenge <% Bl iR

challenging of a filter or an installed filter system (3.3.6) by test aerosol (3.2.7
FH WA A o0t it 6 2 B L 22 2 1) i 28 R i db AT R U

3.3.2 designated leak #i 5 /it¥s

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

TSGR E K RV IE R . FDCHUN BT 88s (LSAPC) B/ BOL B TRk v = L
JREBEAT 31 S ) G0 2 T

FEBRFRIE 15O 14644-3:2019(E) ¥4 % FAH RS2 28 3 Fl o0l 777 201908 7 9/77
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3.3.3 dilution system B R4

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

P CABFA LI HE NI SR IR 5 ok 23 SOR & DRI IR BE (1) R 4t

3.3.4 filter system T JE88 R4

assembly composed of filter, frame and other support mechanism or other housing
AL UE RS« RS S HAt SCH3E B i Ah e Pl L ) &R 4

3.3.5 final filter &35 38

—_
|O8]
—_
DN

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

A7 AN T T A AL B I AR
3.3.6 installed filter system B 23T IR R4

filter system (3.3.4) mounted in the ceiling, wall, apparatus or duct
OB RAEIR . Bl WA k& B E48 R4t
3.3.7 installed filter system leakage test T\ &% IR 231005

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

NN RS 22 s R AP WA s v SR S BB IR, I D8 2 A FLAE B4R 1A TE B e S IR B A RS
3.3.8 Leak i

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

G yERS RG0) R B A BB S5 Gl th 3 1 IR R P2 A H Tl e
3.3.9 Scanning Hi#

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

PV OGP TH BOE B R TF S KERARE . RICE B AT R U A X, DUR B D8 45 it
e 0 J5%

3.4 Terms related to airflow and other physical states 5 HL EYIIRESH RKAE
3.4.1 air change rate air exchange rate #5 %

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

SIS IR A3, DAL TA)IE N 23 OB AR DA ] B AR AR

3.4.2 measuring plane J &

cross-sectional area for testing or measuring a performance parameter such as the airflow velocity
FRI ARG I Bl B X3k 25478 RE 2 e B T

3.4.3 non-unidirectional airflow JEH [

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

BN /X RIE KA 07 305 XA 2R & R A R

=
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[SOURCE: ISO 14644-1:2015, 3.2.8]
(k5. 1SO 14644-1:2015,3.2.8]
3.4.4 supply air volume flow rate i X &

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

TE BRI TR ARV B 28 iy it 18 #3326 A\ ¥t 19 25 150 I 179 XU
3.4.5 total air volume flow rate 2 X &

—
DN

air volume per unit of time that passes through a section of a cleanroom (3.1.1) or clean zone (3.1.

BAAT B ) P I v 1 X R
3.4.6 unidirectional airflow H#.[a)3i

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

I XA TR RS E . REBCPAT I S2 48 SR
[SOURCE: ISO 14644-1:2015, 3.2.7]

[ kJ5: 1SO 14644-1:2015,3.2.7]
3.4.7 uniformity of velocity Ji#E#%511%E

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

BALTA)AL % A X B2 . (ORI FE AN T 1)) ZEFR 7€ PSS i o Ee
3.5 Terms related to electrostatic measurement 5&f M EH LK ARE
3.5.1 discharge time J# FE 7]

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

25 25 1 5 H W AR P FEL R PR R R CIE R ER ALY 78 B HE T T 75 P st (1)
3.5.2 offset voltage #MHE

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

R 42 T AR B T B s b i B R LR
3.5.3 static-dissipative property & B 5 B4

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

DA 3 BB LB A 3 TR ™ ot 2 TR P 7 rL A o 22 00 2 Pl T BT S (B AR RE )
3.5.4 surface voltage level RTH HEKF

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

FHASCER U0 HE 10 A 3 T ™ i R T ) CLE R Bl A7 ) i F R 7K P
3.6 Terms related to measuring apparatus and measuring conditions 5 E{X AN =

FHERBARE
3.6.1 aerosol generator S VAR K4 2%

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

RECUINA . WUE. B, MW 1Ak Ok . BRIEEIE Y (B 0.05um %
2um)  HIBRRL D

3.6.2 aerosol photometer S AR E

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

M FH SRS O 2 N 7 R A o B R B AR DGR U A
3.6.3 airflow capture hood with measuring device X &2

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

Al 5E A AT JE AR B RIS, REIED U BRI & AR O 1 25 B
3.6.4 LSAPC light scattering airborne particle counter Yt HU Bk FitHias

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

A DO AN AR b AT TR B LRSS, IR B B EIE A E
Note 1 to entry: The specifications for a particle counter are given in ISO 21501-4.
T 1 R TG AR MELE 1S0 21501-4 HL.

[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.]

[R¥E: 1SO 14644-1:2015, 3.5.1, BT —MIFRARIE “HABUN EHEFR MRS o 7 1 EHRR]
3.6.5 witness plate fGHUIAR

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

BAfERINANMEL, HT BN TR B0E T R 8O BE B & 04 3R 1) B3 0Pl
3.7 Terms related to occupancy states 5 55 REF RKIARIE
3.7.1 as-built &

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
Sl R H B TR A R R = /X, BT s A aRiE e T, R e MR RN G
[SOURCE: ISO 14644-1:2015, 3.3.1]
[RiE: 1SO 14644-1:2015,3.3.1]
3.7.2 at-rest &

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

FER AR R VO TF 2 OV 3 / X, 2R A A 7 Yo IR AE 125 77 S 3 e e 5 i 1 05 208 AT
HIZNBEAH N R

[SOURCE: ISO 14644-1:2015, 3.3.2]
[ks: 1SO 14644-1:2015,3.3.2])

=
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3.7.3 Operational Z)7&

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

SRR BRI R / DR DOBE IR ie AT, HEU AT HUE B H i 531k BLRDk 5 20T
(=

[SOURCE: ISO 14644-1:2015, 3.3.3]
[SkiE: 1SO 14644-1:2015, 3.3.3]

4  Testprocedures JIiAXFEF
4.1 Cleanroom tests &% 5] ¥R
4.1.1 General #E

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).

VA X R AR BB IR 0, MR 1S014644-1 BERIUT . DER AR EEEERE (3N
£ .

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.

VB BRI E IR IE TR B M R TR AR BRI A VR AR UE PR ARSI B B 48 S DL B AS AR A A A
Table 1 — Cleanliness attribute tests for cleanrooms and clean zones

2R 1T 8] /DX PR v 19 P P K

s Ref di
General description — % Ui BH 2: ggrence n
Levels of surface cleanliness by particle N TR B 2 A 2T 405 i 2 51 1S0 14644-9[F]
concentration
Levels of ai_r cleanliness by chemical LR (1, 22 7R JEE 5 S I 2532 12 2 ) 1SO 14644-8
concentration
Levels of SI'Jrface cleanliness by chemical L () R U P S P T 3V 2 ) 1S0 14644-10
concentration
Monitoring air cleanliness by nanoscale  \g yeyisp g 7yt i s 2 9 150 14644-12[F]
particle concentration

4.1.2 Supporting tests 3CIF MR

ists 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 inor 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 Af Test methods are outlined in|JAnnex B

2 Pyt 1 r R DN v A] /DR PR RE A B S e X T T 3 FOE B o5 IR
PEAHEN S WY Bo IXEEMNKIFARTTA, AT REFFANKE I A 45 € T H #8 2 BRI A 1 H
DT A7 V28 2 7 5 N R P A8 e . T BRI I H 7R R AR Dy H 0 m s S A
—HB N EMIE R . B A A TR T L S e Bk B A R i

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

e Wi B o TR AT I T AN . AT T A DT 10k DA R R R R 7 oK
Table 2 — Supporting tests
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e 2—3CFFPEINE
Reference in ISO 14644-3 7E ISO 14644-3 B &

Supporting tests & LR, Principle Proce‘dure App‘aratus

R 7 e

Air pressure k20 |4.2.1| |C.2|

difference test

Airflow test S |4.2.2| |B 2| |C.3|

Airflow direction  [SAAR VA a1 A0 AT 41 [4.2.3] (B.3]

test and na

visualization

Recovery test [ERE:NIERN [4.2.4] (B.4] lc.5]

Temperature test A |4.2.5| |B.5| |C 6|

Humidity test IS 426 (B.6]

Installed filter O 22 55 e 58 R it [4.2.7] [c.3]

system leakage test [R5t

Containment leak 5 P ek R 0 4.2.8 |B.8|

test

Electrostatic and ion [E% H3 Fl 55 1~ A AR 250 |4.2.9| |C 10|

generator tests it

Particle deposition [T [ 0 |4.2.10| B.10 C.11

test?

Segregation test I 5 P ) 4, |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.

2 The particle deposition test can also be considered a test for cleanroom performance in the operational state.
E&%%iﬁ‘réi)ﬂﬂiiﬁ#ﬁ%?ﬁi%ﬁlﬂbﬁf?ﬁi)ﬂﬂiﬁ%)ﬁ)llf)iﬁﬁﬂ o BBy A ARYE B AA SO 2K, BB 5 3L 2 7]
BRI

a-----TE Vit 1) S A P RE I I 7 AT 2% RS AT R TPk

4.2 Principle iUl

4.2.1 Air pressure difference test & Z i

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

J ZEAST I ) PR 2 B0 0E 37 9 =5 00 XU R e 4 5 L 8 it 5 JHL ] [R5 [R) R e s 22 D RE 77 o s ZE A U 2 AE
15 5 V0 O A X XU 08 XU A R A P ARG P B8 SRR fE 5 R AT 1R o T ZE A 0 1) T 248 5 B
I, B.1.

4.2.2 Airflow test MR,

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

GG Dy 1 IR ST ON B A ST AT R AL R 9 ] / XIS R . AR B TR T 308 R AT R
AR BRI &, 3 T 005 YA M R AR 2 ST o PR S U SR O S T T SRE R A R

=
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(RN HRRED o EAERRRAS T, —RATENE SR SRE, F—BRATFERES Y. X
FRG O T ] BN E R, A5 T Bz @A) /X R E (RN RO o Akl 772
W, B.2.

4.2.3 Airflow direction test and visualization <& J5 5] 13 B4R,

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

AT H R REAE BT R A ) SIPERT & derh AR e bt . ity T AR A T I, DA E
AR AR RS, AR SERRRAE I Zh A T EE AN, Mk 757% 1 B.3.

4.24 Recovery test H{FHE]

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 When an artificial aerosol is used, the risk of residue contamination of the
cleanroom or clean zone should be considered.

4 I TR AR O 1 W i XA R B e T UL TR A, R IR TR IR R 45
SEFFMIIBETT . BRI ARGAEIKAIH o 775K B4, WERMEH 7 NTAER, W
B/ IX B B TS e XU

4.2.5 Temperature test 35 &

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

AR P2 B0 e A2 Ik DX 3 P 22 SR KPR 2 7 i 0 (R 8] B A AT A il R o ik L
B.5.

4.2.6 Humidity test 3@

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

AT H A2 6k 32 B X 3 A 2 SR GRS NI B R D) 7P AE 2 7 48 52 (1 I 8] Be A 7Y
EAEHIBREL . M5 L B.6

4.2.7 Installed filter system leakage tests B\ 223511 348 & Stz U

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

XTSI 5 AR SR 1 NS MBI, I PR AAE RIS GRERE AR A BT B AEZE B/ 1L
HoAt a5, LARGS UE RS AR ) o AR DA 28 3 i RO DB 2 2258 R o IX TR I AN 2 R 0%
XTSI A XTI ERS B XA SIS SIS, AR IEAR A T U Ay H S
BEATHAAH, AR XUR XU AR . IR AL BT

4.2.8 Containment leak test 35 FA e IR

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

=
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AR T HE fE 5 A R ER 2 N e/ XVE B DANE Sk #3058 T4EMA ISR RAE
BRAZ NV (5 18] / [X o snil 7772 W, B.8

4.2.9 Electrostatic and ion generator tests L1 BT & A 39U

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

XTI E AE VPSR B R AR RS R RICRR IR, DARAEE 1 S/ DR AT i R AR P A
MBS (AU BITERE. B A B 72 PPAS AR R A iR I A s s i s, i, T
TE G THE0 B FRFERICRAME SR o B8 7 R ZE 2SI 15 7E VP B8 7 A A5 V1 B R T B FEL A MR RE o ARSI D792 AL
B.9,

4.2.10 Particle deposition test } T-JT R

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

bR = el bR e TARE ) Wast o g TIPS 4 NG e SN 8 g o T w0 VAR - L AN O |
JiiE N B.10.
4.2.11 Segregation test B = LI

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

AT & AE Al 46 8 SR RS B AT Rt o IR AR T A — Zon B X3k, I 7E KR T i) o —
2 ORAP XSRS . AR W, B.11.
5 Test reports WAL

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

FEITIR A 25 SR RS FAE MR o, Pl i LR LR 5 2

a) the name and address of the testing organization, and the date on which the test was performed;
MU B A PR AL, DL AT BRI H 3

b) areference to this document (ISO 14644-3:2019);
2230 [1S0 14644-3:2019]

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;
B ST e XA S RS ER 5 AR XY , 5 A BORE s B Ak b Bk
WH;

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);

EARIA]/ XCHPR B VTR e, BLAE 1SO 2l ARG S RS, LA e HORIAE

e) 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;

JI FRASEIN 5 2 PR AR T B T 5 R SR R R 26 1 B0l B G 5 i R 00, 5 IR
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T M AT I e s

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

MAREE R, WAETEIN S B AR T AR BRI N AR S Bl DASCR T2 AT G TR vk 225K
7 B 5

g) any other specific requirements defined relevant to the clause offAnnex B for particular tests.

JIT SRR 3 B 263K S I R AR 2 25K .

=
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A.1 General &N

Special care should be taken when determining the sequence for carrying out tests for cleanroom, clean
zone or controlled zone performance.

FERF 78 ¥k 19 ]/ IX BB A2 DX AP i R0 O 3 B S22 531 /o

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.

ko

Annex A 3% A
(informative fX £ %7%)

Choice of supporting tests and checklist

SCRFPERNR R A B R B

A.2 Testchecklist MR EE BB

Table A.1

A1 JYMAAFIAC S e 2 G B
Table A.1 — Checklist of supporting tests
R A1—SCHPVEN RS A B

brovides a checklist of tests and apparatus.

TR T AR 3 B 2 S PN e, MR A RE R RIS GO, I AR £ 5 e

Selection of test

Selection of

procedure and Test procedure Teite;;er::s;i:re test Test apparatus Arl?f]:rr:;ges Comments
sequence? apparatusb
WU 5 A . Sl 7S | Rl . Rl ENE 2
b e | RS AL s s
Electronic micro- o2
manometer ===
Air pressure B.1] ;
difference B.1 Inclined manometer |C.2.3 |
Mechanical differential
pressure gauge
MLl T [c.2.2]
JE 7% iRt U TR 2=
Bk =0 22 % C.2.4
Airflow (B.2]
S
Uniformity of Thermal anemometer

velocity within the
cleanroom or clean

Three-dimensional
ultrasonic anemometer, or

oliclielle!l ] e
<o1 (| 983 [ (o611 =Y/ (N1 | 5] | 1Y oY | &
=== = e
NS {1 == || (Sa ¥ || (O8] N =

zone (for Bl equivalent
unidirectional Vane-type anemometer
airflow) Tube array
PR T
VR /XA JRE ) B.2.2.2 YR RUEAX
SIME CRRLF)IALD = - ARG T €3.13
LN
) Thermal anemometer m
Supply airflow Three-dimensional
velocity (for ultrasonic anemometer, or| |[C.3.1.2
unidirectional . ’
airflow) equivalent
Vane-type anemometer | |C.3.1.3]

EFRFriE 1SO 14644-3:2019(E) 1514 & A 23 IRES 58 3 324Gl 5 vk
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Selection of test

Selection of

procedure and Test procedure Teite?er:ecsg;re test Test apparatus Arre)lf):rr:r?clz Comments
sequence? apparatusb
ﬁﬂﬂﬁﬁﬁgﬂlﬂﬁﬁ BB ﬁﬁg ggiﬁ fﬁ&!ﬂgﬁ%ﬁé il Fﬁg %i;%% P
Tube array [c.3.1.5]
PR T
XA E (L) 55753 Y A KA C3.1.2
) — i UK T
HE [c.3.1.5]
Supply air volume Thermal anemometer C3.1.1
flow rate measured Three-dimensional
by filter face B354 ultrasonic apemometer, or| |C.3.1.2
velocity (for equivalent
unidirectional Vane-type anemometer | [C.3.1.3
airflow) Tube array
i BT DB
R A R | [B224 Sy
B D) I A
R
Supply air volume Orifice meter
flow rate in air Venturi meter
ducts (for B.2.2.5 itot-stati
unidirec‘Eional ezl Pltotrz;ar‘lc;cr;lel?e? and
airflow) Thermal anemometer C3.1.1
LB E T
WV H i AR 5 37 S B
W CRAAD = BAEE 5 it C3.1.4
R R
Supply air volume
flow rate measured . .
atthe inlet (fornon-| |B.2.3.2 Airflow capt.ure hO(.)d with C3.22
unidirectional measuring device
airflow installation)
Supply air volume Thermal anemometer [c.3.1.1]
flow rate calculated Three-dimensional
from filter ultrasonic anemometer, or
face velocity (for equivalent
non_zﬁlgézii;lonal Vane-type anemometer
Mt 2 THT KU Hugal R C3.1.1
A% R g =47 RUEAX
2 A 2R €313
Supply air volume Orifice meter [C.3.2.3]
flow rate in air Venturi meter [C.3.2.4]
ducts (for non- (B.2.3.4] Pitot-static tubes and | ===
unidirectional manometer =
airflow) Thermal anemometer [c.3.1.1]
LB E T
W HERER o S L
by = FALE 5K it
g R T
Airflow direction (B.3] Tracers C4.4.1
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Selection of test

Selection of

system leakage

procedure and Test procedure Teite?er:ecsg;re test Test apparatus Arre)lf):rr:r?clz Comments
sequence? apparatusb
ﬁ%gﬁf%% BB ﬁgggﬁ%ﬁﬂgﬁﬁ il Eﬁ$§§§ P
and visualization Thermal anemometer [C4.2]
Three-dimensional
ultrasonic anemometer, or| |[C.4.3
equivalent
Aerosol generator [C.4.4]
Ultrasonic nebulizer
Fog generator C4.4.3
N
A T
= YEE A KE T, BEER]
SRR | [B3] #
IR [Ca.4]
P I A AR
RS [C4.4.3]
Light-scattering
airborne-particle
counter (LSAPC
Aerosol generator [c.5.2]
Recovery Aerosol source substances| |[C.5.3
Dilution system,
equiprr?]ent
Thermometer [C.6]
JEE B T S
(LSAPC)
BRI R
Wik R A C5.4
T C.6)
Expansion Thermometer | [C.6 §)
Temperature Electrical Thermometer )
Thermomanometers )
i I = B T C.6 %)
B TR [ceb)
PRt [ceb
Dewpoint hygrometer C.7 4)
Humidity (B.6] Elec.tri.cal conductivity C7h)
variation hygrometer
s IR 02 )
SRR T C.7 )
Installed filter
system leakage
ERESUR/ SN
Kl 7]
Installed filter Aerosol photometer

Aerosol generator

O] IOl
N ] [0 || (=

:
scan test with an Test aerosol source
aerosol photometer substances
SRR RO R BT 81
WarHE kit | [BZ2 R R 2
A 2 Gt A P A B C.8.4
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Selection of test

Selection of

procedure and Test procedure Teite?er:ecsg;re test Test apparatus Arre)lf):rr:r?clz Comments
sequence? apparatusb
I 7 ARG ; B TTES | RERE . RUIENEE2 S \
9 W { 1\ I v
ik
Light-scattering airborne- C82
particle counter (LSAPC) —
Installed filter sys- Aerosol generator [C.8.3]
tem leakage scan B.7.3 Test aerosol source
test with a LSAPC substances C.8.4/
Dilution system,
equipment
N =1 %“Tﬁ s N
- . jﬁjﬁi&ﬁj‘iﬁ e /%*i%ﬁ‘ﬁl
KH LSAPC #4471 # (LSAPC)
R7E FIPURE B.7.3 BRI A [c.83]
2 1t 1 4t 0k P R o
Wik R G €85
Aerosol photometer [C81 |
Light-scattering airborne-
particle counter (LSAPC)
Overall leak test of A I o3l
filters mounted in erosol generator —
ducts or air- Testaerosol source
handling units substances
Dilution system,
equipment (LSAPC C.8.5
method only)
IRIBOL T C.8.1
N s P )= E:Qm [ram N
. e ﬁﬁﬁﬂjiﬁ s /%*i%ﬁ‘?ﬁ
O AR XU Bl # (LSAPC)
A TTA B.7.4 RO A [c.8.3]
A AR NIRRT
B 425 3L
ﬁ%ﬁ%?}m% (¥ LSAPC
R
Containment leak (B.8]
P XK
Light-scattering airborne- Co1]
Lich ) particle counter (LSAPC) L]
16 t-scatterl.ng Aerosol generator [c.9.2]
airborne-particle 5821 T l
counter (LSAPC) 8.2, estaerosol source
method substances
Dilution system, -
equipment L
N s s Bt o R
i e . fﬁ%ﬁﬁj‘;‘ﬁ RS /%*i%r[_ﬁ
TOHU A B # (LSAPC)
FiHEEs (LSAPC) B.8.2.1 R R A A C.9.2
Jiik P A BRI
MR RG &
Aerosol generator
Aerosol photometer B8.2.2 Test aerosol source
method B8.2.2 substances
Aerosol photometer [c.9.5]
T ROR AR €9.2
SIBRIeETH: | [B.8.2.2 MR S IR IEY T
RO
Electrostatic and C.10
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Selection of test

Selection of

procedure and Test procedure LESS (LU test Test apparatus Apparatus Comments
2 reference b reference
sequence apparatus
R 7 VA0 ; B RS | RO E % NN Rl 282 .
9 W { 1\ I v
ion generator
BB TR [c10]
Electrostatic voltmeter C.10.1
Electrostatic [B92.1] High resmlsg‘t"‘;rce ohm- | =957
Charged plate monitor [c.10.3]
FHL HL R C.10.1
L B.9.2.1 5 Bk A 2 C.102
78 BB A €103
Electrostatic voltmeter C.10.1
[on generator [B.9.2.2] High resmls;er;ce ohm- C.10.2
Charged plate monitor [c.10.3]
FiHHL LR R C10.1
BT RAESR B.9.2.2 o FEL P R i €.10.2
78 HUAR e A €103
Witness plate material Cl11.1
Wafer surface scanner C.11.2
Particle fallout aerosol 113
Particle deposition photometer
Surface particle counter | [C.11.4]
Particle deposition meter| |C.11.5
Optical particle deposition
monitor L1LO
AR C11.1
s [ 3R T A C11.2
N KL ARG EE T c11.3
DA RN 5 [B.10] —
" F IR 150 Ci14
KLU R C11.5
R R I 2 C11.6
Light-scattering airborne- 121
particle counter (LSAPC) —=
Aerosol generator [C.12.2]
Segregation test (B.11] Test aerosol source 23]
substances L12.3
Dilution system,
equipment 124
i CRpSIES AR R AE
(LSAPC) Lol
i 5 B.11 SRR AR [c12.2]
WA SR IR C.12.3
Pkt R L% C12.4

@ In the boxes of column 1, test planners can number the selected test methods according to the test sequence.
In the fourth column, test planners can select test apparatus according to the test method selected.

FEER 1 A0, DMK TR T AR S I SR X P S A 75 923 AT O
FESS 4 Frb, DIKTHR 2 TR s PTG A 7 VR A B

A.3 Planning for testing and verification F &I XFIZ%E
As a minimum, testing should be carried out:

2270 REAE DL I T P A7 0

EFRFriE 1SO 14644-3:2019(E) 1514 & A 23 IRES 58 3 324Gl 5 vk

201908
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a)

b)

e)

in connection with classification according to ISO 14644-1;

55 1S014644-1 BEAT 73 2047 K}

at verification during start-up;

R R A

at verification after failures have been identified and rectified;
FERIVRWOFEIEZ 5 i A

at verification after modification;

FEBGE 2 e IR

during periodic testing.

£ 5E S

A risk assessment should be performed to establish the appropriate intervals for periodic testing.
Monitoring data, trend and test result should be used to confirm and, if appropriate, adjust time
intervals for the selected tests.

[ R AT RS VAt AR 7 5 ST e 40 el . A B A 2 R R TR A B A i)
JI ik FEII PR 0 3 o
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Annex B ff3% B
(informative fX £ %7%)

Supporting test methods SCRF R 512

B.1  Air pressure difference test £ Z Iz
B.1.1 General §fid

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.

AR TN BT8R A% 25 58 BE 0 Yl 4R 37 Vi 4% 0] 5 L J BRI 2 ), AN st A AS [ 35t 44 TR] / [X 22 T FR 8 8 TR 22
MIREST. 1ZIMBE T =FR I G VIR, JRal{E N 1S014644-2  H ¥ i i i i) — &8 0 2247
5E SR -

B.1.2 Procedure for air pressure difference test 5 Z ¥R 5%

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

SRR TTUR I AN [R] B 8] =555 1] 55 41 X3 [A) 1 72 22 R A A L R 3 -

— values and acceptable range of differential pressure between rooms should be defined;

—  NERNE 5 A) 2 A s 22 (B M AT 42 52 Y

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

— AR AP R ITIE KT SR 2 R E A

— 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;

— VAT BRI b5 A A IR ZE e B AT B L AR AR AR N SR P o IR T ER A5 K AT TAL AT
9:':

— the air handling system has been operated and the conditions have been stabilized;
— ARG CIET, HsirREE

— extraction systems should be operating as agreed and specified.

— BENARGHL P E MR E KA BAT

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

LN B AN P ST 14 ] / DM B2 s T 2 T F) s 2

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

Forh o QLA 5 AR i L P A I FE R v 5 B) 22 TR IS 22 0
To avoid possible erroneous readings, the following should be considered:
3G AT RE SRR R, R R DL R I DL

a) installation of permanent measuring points;

i /N b=y R &
FEIFRAriE 1SO 14644-3:2019(E) V& 2 MAHIZISIRES 28 3 04 ofril 757 201908 W 24 /77



INTERNATIONAL STANDARD ISO 14644-3:2019(E) Cleanrooms and associated controlled environments —Part 3: Test methods

b) measurements in the cleanroom and clean zone should not be taken near supply air inlets, return
air outlets, air movement devices, doors and other localized high air velocity areas that may
influence the local pressure at the measuring point;

A XA I ZE AN AR R B HERERE L TS R0 e KO X &, XL
b X008 T E S A N ) R R

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

ARSI B S AR T A, LMY SR T AR T VR A 5 () 8] ) S 7 17
B.1.3 Apparatus for air pressure difference test FkZ= [0 2%

Apparatus descriptions and measurement specifications are provided in An electronic
micromanometer, inclined manometer, or mechanical differential pressure gauge can be used. The
apparatus should have a valid calibration certificate.

ACES U AT R I C.20 ATER TR Th . RVE R A s UE ZE i AR N R 2 R0k 2 E
15

B.1.4 Testreports JiRAIR &

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

WRE% 7 SN Z BB sE . BAZEE 5 ALk B ME B
a) type of tests and measurements, and measuring conditions;
UK 2 LI A DA R IR 2% F
b) type designations of each measuring apparatus and apparatus used and its calibration status;
BRI RS ATTAE FAX & B BTSRRIk S
¢) cleanliness classes of the rooms considered;
JIT25 R& 0 53 8] f 3 15 2501
d) measuring point locations, when required the reference point location;
W A s, BENGHSE S E
e) occupancy state(s).
AR
B.2 Airflow test S MR
B.2.1 General iR

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.

ARSI (87 P A 0 B v AT 4 DX P ARG 22 SO B3 AR o R R 4t 1 4 s ¢4 DX 2B i X
AT T B TR R S AT 4 X 20N Rk PR o 03k X 2 2 W L7 I TR P 38 B 1
PRI . 36 KRR B A 24 S i DB A K R XUR U, BORAEIE UV ARl . PR VA AR 2 T & 2 ad B
KE— ORI IR TR R . XGRS T AR SRR, BIAT HHAR S XU, B2 3 7 A 3 e ) — 2R
PEAReE S h s IRE
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When measuring airflow velocity, the following conditions should be considered carefully:

DB TR, NEAT20 2% R LR 2% A

a) probe direction should be chosen appropriately under the consideration on the airflow velocity;
MEFEIR K7 T 225 8 AR S

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

A5 78 43 FO B )BT W0 B AR A9 T 8 A e 28, e 3% T 2 XU X
B.2.2 Procedure for unidirectional airflow testing E.Ja] i 5 it BRI 5
B.2.2.1 General &

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

A FH B [ P PR SR S B T v v 2 R e o P DAAE S U 2 it XU Y18 45 2% T ) A7 B B2 AE = N U
BHRH . J7E A E 5k KRB IR, SRS R BRI AR AR S I & . O 0) .
B.2.2.2 Supply airflow velocity % X#E &

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

NAZAE P JE RS R R El N AR T4 150 mm ~ 300 mm FR)47 B XU

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):

MR O7 i RI0) MEEARRRERZBGR TR A DB S8 T2 A & LT
LA PE AT BRI A B TR R IINE A (7?1‘%%75) HH:

N =+10xA (B.1)

Where H

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

N A/ E S5 H Ok oo, N RE B2 2 EED
A is the measured area in m2.

A jjﬁﬁ{mjiﬁ N $"fﬁ m?

Where the average velocity is required for a zone with unidirectional airflow, the average velocity is

calculated from Formula (B.2):
R AR, FEFHRE, WFERE T A B2 &

=XV /N (B.2)
Where H 1
v, is the average velocity in m/s;
NTEIRUERE, AL m/s
»v, is the sum of all the measured velocities (V,,) in m/s;

FEBRFRIE 15O 14644-3:2019(E) ¥4 % FAH RS2 28 3 Fl o0l 777 201908 7 26 /77



INTERNATIONAL STANDARD ISO 14644-3:2019(E) Cleanrooms and associated controlled environments —Part 3: Test methods

NPT PAE [Ve]l 2, $47 m/s

v, is the measured velocity at each of the grid cell centres in m/s;
B TTRE BRI O TIAS IR, B4 m/s
N is the number of locations at which the velocities (V,,) were measured.

NIEFUE [V.] A& #HH
At least one point should be measured for each filter outlet or fan-filter unit.
RN PESS H X B FFU 2/ B0 — ANl & Al
If the measured data is to be used to determine airflow volume flow rate as in|B.2.2.4 pr uniformity of
velocity as in|B.2.2.3] then it can be advantageous to increase the number of measuring points (grid cells).
AR SR T IS B R i T E 5 BL2.2.4 RGBS RE B B.2.2.3 LA Ak, MGl & A O
I MEH AL,
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.

GRS/, ATREA L E NI E s TR0 (R H AR R BT 2 KU ) m] BEdE -

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.

B R R R AR THE AT I . I8 s% 2N B b i XU I TR~ 24

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.

T 1 SR R I B AR T AR, U AT REAE AR R KB 2 S S B I R 2 . dn SRR UG
MBI IE AR R AL, MR T T REZ R .

NOTE 2 A temporary barrier can be used to exclude disturbances to the unidirectional airflow.

VE: AT B B R B ) A BT o

B.2.2.3 Uniformity of velocity within the cleanroom or clean zone &= /X P X5 5] %

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

R 1% B.2.2.2 MR MIEI SN, Bz 5 BRI T 2 5E T Sl .

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

e R E LR TAES, WEAAS R AT RIS Wahdkw E .

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.

FIF T BORGE B S VE AT o R 22 CRIXGE S 22 D (Bt B e 7 5 R R XU 240 5€

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

P vHE i 22 AN ~F- 2B S R FH XU e 500 KU ) 531 Uy, KR A3 B3 THEL 3RS
Uy=[1-(c/V)]x100  (B3)

Where H 1

o is the standard deviation; A 2=

V, is the average velocity. J9°F-3 X

=
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The maximum deviation of velocity, D,, ., is calculated with Formula (B.4):
P E B KA ZE Doy K A2 B4 53R

Dinax = [(Va-Va) / Vol x 100 (B.4)
Where H 1
SmaxiS the maximum deviation in %; A Kz, H071%
V, is the average velocity; 433 XE &
V; isthe reading with most variance from the average. N5 FI¥J{EH K A %=

B.2.2.4 Supply air volume flow rate calculated from the velocity measurement X X T 52% X,
&

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):

Al 4% B.2.2.2 M & i KassE 8, R A B.5 THHEEIEXE:
Q=X(V,*x4J) (B.S5)
Where H 1

A, isthecell area which is defined as the free area of the media divided by the number of measuring

points (grid cells) in m2; 7€ A H B AR IR o AR Br DL & 5 O &) $H, A7 m2
Q is the total air volume flow rate in m3/s; & X &, HA7 m3/s

V, isthe airflow velocity at each cell centre in m/s; 5/ B T H O XGE B,  #47 m/s

Y is the summation for all cells. T 7o) & Al

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.

TE: AR B RO HER P, MR RS2 B2 AN R AR, il B AR (k. MR B AR
Ml O % ETe) ik, Bl yE R im 1o e LT R e AR 1 15

B.2.2.5 Supply air volume flow rate calculated from velocity measurement in air ducts X X&
PG THEIE K

Supply air volume flow rate in ducts may be determined by using apparatus such as orifice meters,

Venturi meters, pitot static tubes and anemometers.

PV ik BT AR FLBGR BT SCE L AN KU T S5 A AR Il

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
1SO 5167-5.

T SRR B FE R R A v sl X T CGREREm B2 A R BEA T I, S A RO R N
AR 7y AT SR & 2 (OF AR T0) , SRJE R o A O AL I & R S . Il i R0 1)
HHBHEPSHNELE. NRAS B.2.2.4 AT AR E 736 R E ST TS . WS R RE,
MB] A 1SO 5167-5 A ATIR i) — M 77 6 R FE i s 4 I B XU o

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.
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VE: TR IR KRR, I AR 2R T X 5 0 XUE KGR ] BEAETE 2 57
B.2.3 Procedure for non-unidirectional airflow test JE 5L ]q ¥ 15 7 IR 75 2
B.2.3.1 General #i®

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

FECIG UL, TR A R IR R, DL E 536 KU T XU
B.2.3.2 Supply air volume flow rate measured using a capture hood X & 2%l K&

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.

H 326 PRI JR) 30U AR DI AL S T 7 A R8O, A TR ) KR R 4l £ P M\ 22 iy 1o 8 4 B0 XA
AR e PRV THE T A XER, B0 XU R XA G 3fe DA R AR o XU R ]
BB M iZAe 50 48 d AT IR AR O A, R NAZEEAE — AP R B, By kSR BESSR A A
AR RSB o R X B 0 % 2% i e 8 2 B UG A O XU, D 7 2% £ X B P X i 4
&

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.

D BB AR AERA B T REAT S0 AE ,  DAUE B - e B 2 U 1 SRR N P AR e HE R 45 R . ISR AR A
#E, PERARIERT . RIERF5REAC, H R TR AL R, RET )E skl EE S
HH XTI B A 2 5

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.

IR Dhein] fofias, )E =S n] T Eoi s i TR

B.2.3.3 Supply air volume flow rate calculated by velocity measurement S XE T HZE RN E
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.

ARSR AT BC 5 XU, AT DU A e 30 2 T XA B XU T SR PPAt I8 XU . T RGEE SRR B DA (9D
T APR38R o vl P e T o I X 8 ) SO T3

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 ST EHEFERER TR, 752 0 B.2.2.2 1 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.

AR TCVAAE T R N SE A I R O R FTe) ,  ta] DR A TR IS P 2 G

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
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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.

KHARTHRETFERS, HAER T B2 3 2 AR, il AR e s, WA & e sE.

Bl 7o) Bl B g s 2R A e S DL Sos AR THR . AERAT LRI I 5 2% 8

XLEEREI AL

B.2.3.4 Supply air volume flow rate calculated by velocity measurement in air ducts ¥ fX& +
REE THHE X E

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

KU IR KB RER F B.2.2.5 BT E AR TR 7 kA7 1 H

B.2.4 Apparatus for airflow tests S A

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

AXES UL B S5 I B AR A2 L €30 R N &2 v el FH AR P Ui XU B2 o XU I U T BRR ALY
&S

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.

KENE SRR CERRET BATERE . FRE RIS T s rA #s .

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
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.

BEAT DA TS P PSR IS AN 52 R B 88 0 m I PEAR B o 1, Rl A% /. R R 2,
HUAT DUE R AR T o 580, A AT R 5 1 REBEATR S, o m] DU Y it vk £ — g Al A
& T M.

The apparatus chosen should have a valid calibration certificate.
JIT e A B A A B B U RS IR IE
B.2.5 Testreports WA 5

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

WRE% 7 S HEN T Z g, RAZES 5 Al BLUME B EdE:

a) type of tests and measurements, and measuring conditions;
MR 5 A 2% A

b) type designations of each measuring apparatus used and its calibration status;
IR A4 FR S R AR

¢) measuring locations and the distance from the filter face;
N8 M e i 8 3 T P P

d) occupancy state(s);
i HPIRZS

e) result of measurement;

=
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S5 R
f)  other data relevant for measurement.

He 5EA R
B.3  Airflow direction test and visualization S5 [ WHAF AT 440
B.3.1 General #fid

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.

RS TR AR ) PR BN ST [ S L SIS v A BE SR ZESRANAT

NOTE 1 Computational Fluid Dynamics (CFD) used as a predictive or analytical tool is not considered in this
document.

T 10 AR A AT ENLRASI /1% (CFD) Il #r T A .

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.

T IRERLTTVE T B R BRI R T AN BE R SR SETT 18], BN s & .
B.3.2 Methods }i%
The airflow direction test and visualization can be performed by the following four methods:
NI& 4 BT RS A I AT R A
a) tracer thread method;
N A0S
b) tracer injection method;
ANERFNEAE
¢) airflow visualization method by image processing techniques;
R AL BEHOAR B AR AT MEAL T i
d) airflow visualization method by the measurement of velocity distribution.
SR FH 3 P8 3 AT W2 ) AR AT AR T i

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.

FI @)l b)ik,  SERw_E 7 25 207 R BAORE 7= B o0 SRR Vb9 == B0 R R T AL, RS s B
FEPILR TR TR EREBUR BERURM AN N BSOS TS YR, IFEHER IR BE R AW Rl . AT R a)
A8 P 7R WL R A 8 R v i PR R U 8 L A A

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.

J7id M TR RIS B A TSR I A, BRI REAURESRL T R AL B EOR

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

RE AR T IR & 1

NOTE1  The airflow is affected by other parameters such as air pressure difference, air velocity, and
temperature.

=
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E 1 AR ESHANEZE . FUENR R

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.

VE 20 3 MR R TS P S AL 5 61/ X RV IS R A AR {FR %7 T
FI T S KO

B.3.3 Procedures for airflow direction test and visualization S5 [ R M o] 484L 5=
B.3.3.1 Tracer thread method ~EE£R1E

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.

AN A B I L EE 22 2, AR JE Je AR 2 B B RSB IN o KGR BR AR IUE A SCHEAT 1) Sk B AR S
it b A < 22 R A S S L, AT DL BRI AR R T R AT T SRR R sh . A R IR B B
TS AN T I A SRR

B.3.3.2 Tracer injection method 7= EEFVEAN

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.

TG DN T 3 R e R PR Y DR TR S () s R RV R PR AT WL Bt B BB R S B o iR AL 1
S W N R AT AT PRI B R . AT LR TOK (DD K WS B4 2R A ) L8/ 1E
TEEEM B BURERRL T o EAFANE TG SRR R, PAGRTS YR

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.

M FIDT A B, 25 BN BORIAS o /N RS R PEBOR BER I ik, (HUARE KTl fE i

ANk RE e A BB RN, IR R I A

B.3.3.3 Airflow visualization method by image processing techniques F B A B AR BTSRRI
M

Processing particle image data derived from the method described in[B.3.3.2 pn 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.

Hl B.3.3.2 M7 VER IC A TGN LB i L AR BUR SRt ab 3 e, RIAT A X ek Py — 4= 2R

BRR R EAARE . 2B HEOR T A & A8 DA B L. O IR A R B AT DL

S E2 SN ol L5117 21 2

B.3.3.4 Evaluation of airflow distribution by measurement of velocity distributions &I Jll £
FESF A AT ST AT ARAL

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.

R DA A A A9t v B P9 LA ) e v BRI B S, AnR KO v Bk 7 WG, BL e

=
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AU SE B 73 Ao X I H B BE HEAT AR, AT AR A B TR
B.3.4 Apparatus used for airflow direction test and visualization S5 F AN AT R $4L
NG
The apparatus used for the airflow direction test and visualization is different for each test method.
BERAS I 7 AR T AN TR B T T G T AT m A A S o
The apparatus suitable for each test method is given in|C.4 ) Table B.1 and|B.2
C4. K B.1 M B2 gyt 1 AFRmS I 32 (138 A A 45 o

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

R B2— 7 ER R BN BRI NI BT AR BORL T

Item #1%}+ Description ik
Material used in the tracer thread Silk thread, cloth, etc.
method
IR ERZVE T T AR L2, Ak
Particulate method used in the tracer  |DI water or other fluid mist of 0,5 pm to 50 um in diameter.
injection method Bubbles of neutral density in the air at the measuring
location. Organic or inorganic test fog.
U ERDE N i R DI /KB H & HAE A 0.5-50pm KRR . 2 illEsr

P B . A HLETEH LI S

Image recording devices for recording |Various devices, such as photographic cameras, video

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

10K AT AL R BOR B RL T 1 BB ID SR momTaﬂCE/jﬁﬂPFﬁﬁﬁ HARE, GG RN, B
BE et BN B[R 0 Th BE AT B E S B

NOTE After flow visualization, it is generally necessary to re-clean the cleanroom or clean zone.
e ERATILZ G, I8 G2 T X /]
Table B.2 — Illumination light sources for airflow visualization

R B.2— A A AL B EIR

Item #1%} Description $#id

Various illumination light sources for Tungsten lamp, fluorescent lamp, halogen lamp, mercury
contrasted observation or imaging of  [lamp, laser light sources (He-Ne, argon ion, YAG lasers, etc.)
airflows with or without stroboscope or synchronized devices to the
recorders.

AN FIIREEGIR T T 0 EE S B RBAR PEAFAR 24T JkT AT AT BORIT IR (E-7
W T YAG HOLAE)  BCAEUR R BN E B TSR A

BRI S
Image-processing technique for Laser light sheet method, consisting of high-power laser
quantitative measurement by flow sources (argon or YAG laser), optics including cylindrical lens,
visualization and a controller, where two-dimensional airflows are
visualized.
it LR PTAACEAT S B R AL O i, B REEOOGIE GRER YAG BOt) Ak, bk
R R T e o S O e W W 0

B.3.5 Testreports W&k 5

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

AR SN Z [P sE, BAZER 5 itk BL MG B A EE:
a) type of tests, method of visualization and test conditions;

MASRA WAL T VEAI A 2% 1
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b) type designations of each measuring apparatus used and its calibration status;
JIT F DA 2 2 5 R AR TR AR T

c) visualization point locations;
A R E

d) images stored on photographs or any other recording media, or raw data for each measurement,
in the case of the image processing technique or the measurement of velocity distributions, if
specified;

PR AL BEFOR B 0 A il rh (g 2RI AHBLECE gl A R A I i AR, BRI
GO R

e) aplan of the exact location of all apparatus should accompany the flow visualization report;
AU AT AR T L PR BT A A A B D) AT T 1

f) occupancy state(s).
RS

B.4 Recoverytest HF#JR

B.4.1 General #%iA

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 eventis 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.

AT F DUR s SO G A R BRI SR RL T I BB ) o BORAERL T R AR A 2 J5 R T 15 L )
REJIe i B AT DO BN TAR R IR R S8, BN B VERE R 2k T AR 5 i R G0 1 2 UM e
AR A IR, TR AL P (175 B th 22 R ELR ARG BRI o AF SR s R ) B PR RE A2 2122 <70
ATFFPEANIE KECR RS DL RS IR . B AT A LSAPC BRAUA OB RE T EAT . 2R
RPN, JUINE25 RE ot T / X A B B e ) XS

B.4.2 Cleanliness recovery performance 7% & 5% f

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. [t 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.

E A PERER A 100:1 B 10:1 (19 B 4B TR) A/ B30 14 2 ) Dk R PSR pP A . 100:1 3K 10:1 H N ] 5 X
FERIEIR R ZE 100 02— (8010 432 —) Frisitial. s Bk SR e SONREL TR FE B I [a]
AR o FH AR (R FRORE 946 P55 R 0 it 28 5 0% T o b o PR I 45 S o 300 N A KA PR B 1) 91 ] PN g
17, BURIFIREE AR —IRHERIR, ZIREHE A (AR ERIR BEFO B, R AL bR E I [a]
LR MEZIE) FUESGARH . B, MR AN & 5| E A, AN 51 T E
Fo

=

FEBRFRIE 15O 14644-3:2019(E) ¥4 % FAH RS2 28 3 Fl o0l 777 201908 134/77



INTERNATIONAL STANDARD ISO 14644-3:2019(E) Cleanrooms and associated controlled environments —Part 3: Test methods

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.

E A TR B B2 VRS R R LE LR SN, BRI 1) Wb e, 3= / X R 794 B 7 8
I JE IR B H AR KR B SE BRI o I8k v i B R B AT VAL 1 EH B2 T R R B
LTI P BT I AR v 2 S VR T 1 B I JRI R R 7. et BOR i il 28 KRR R s i X R

The 100:1 test is not recommended for ISO Classes 8 and 9.

ANEEUCHT 1SO 25 8 2N 9 27 [X I3k AT 100:1 I3k

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.

TE: TR I E A DGR MR L, 30 B A () AT A RRE R i R S T i E
PR A SO, TUAT DA HE 00 e e IR AR S 4R P 1 2 R R

B.4.3 Procedure for recovery test B3R 71
B.4.3.1 Selection of measuring points & & 5

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 BB L TAE#IIIE M B (SR B s R Z B AL E D o D& s RN &
N SHER R PR T . B BBV 1 A 1 B @RI E S (B QAR A SR A IE KSR
AN 21

B.4.3.2 Test method JR 7%

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:

I R A S RRTF R TIR S P IE R IR E, LM LSAPC Stiy5 g, 7EMNRZ /T, THEHUT B IR

Prvs KR EE o AR AZ IR L ) LSAPC Wik BEYuFE, W RARL 7 HE, XNl MR RS,

IEWARES:

a) setup the particle counter in accordance with the manufacturer's instructions and the apparatus
calibration certificate;

AR 2L 7 7 U B P A S AR R AE P st B i s

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

AR BT R T BARRLNT 1pm, B LSAPC BT FURMZ I8 IE 5 078 R e R P U BAF o o

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

£ AHU J247 3I18] A5 FH A0 T AR Uit 14+ 1)

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

=
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SERAIIERL TR 2 H AR KT 1 10 58 100 f5BLE (ZHE D
e) commence measurements at not more than 1 min intervals and record time and concentration.
DAANER T 1 0t ek ] (R R EAT U 8, 30 SR TR AN B2

f) 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.

FRLTU S B il RS I TR I, A OR P FH 45 RSB H B3 v TR Bk o, RSO B 2k
H AL TEPRIT 45 B 14 18] T 5% U El AT Dl JEE 45 AR IS
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.

Vi HARGE KA DU BT S @ R, IR ARYE IS0 14644-1 ££i &SI I8 R A 15 F3 14 BE KT
B E BB R AT, IRHBOE 12T AR TR i O S I D 3y i 26 B K — A R

NOTE 2 1If 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.

e L EE, FERABAEAE AT ERITERAEN RS, B0, 78 55 18] B KU I EUR &
CLERD , RIETTITERN RS

B.4.3.3 Evaluation by 10:1 or 100:1 recovery time 3% 10:1 5% 100:1 B [R3HT IR,
Evaluation procedure: 14 /5

a) note the time when the particle concentration reaches the 10x or 100x target concentration
threshold (&, or t100,);

SR TR EEAF) 10 158% 100 £ FARKEEBAIIRTE (ti0, 5K t100n)
b) note the time when the particle concentration reaches the target cleanliness level, ¢,;
CSRLFIRPEIL B H AR BRI TR (e
c) the 10:1recovery time is represented by t, 1 = (¢, — t10,);
THEL 10:1 HEIEN g4 = (8, - tion)
d) the 100:1 recovery time is represented by ty o1 = (£, = t100n)-
THE 100:1 H AN 01 = (&, - troon)
B.4.3.4 Evaluation by recovery rate H %% & A4

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

ERERERELIPIN RS2 A I E SR A IR

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;

EELEIN BT RIS (A IR L . BURERS RIS P ERE, (HBURE N AL T B A SE Tt A AR M R [a]
[ o SR ] HERE o

b) plotthe 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);

R LA TR B AE R B AR AR BRI GRS B BE AR, I T 92 M2 e R AL A7)

c) decide higher and lower concentration limits as to the decreasing curve measured is accepted as almost
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straight line;
i 7 3Rk h 2k ) LDy B v Bl Y s fRR P PR

d) cleanliness recovery rate is obtained from the slope of the line between the higher and lower
concentrations. The cleanliness recovery rate between two measurements is calculated from

Formula (B.6):
TR R B R IR B 2 ] R R A T T A o 2 YR B 2 1) [ 95 14 B R B R A
X B.6 THH A

r=-2,3x——Ilog Cl
t1-t0 0
[B.6]

Where H

Co, isthe higher concentration at ty; T[] ¢, =R E

C, isthelower concentrationatt;. NI [E] ¢, IR E

R is the cleanliness recovery rate; Ay 4+ [ 145 &

t; -ty isthe time between measured concentration crosses Cy and Cy; AFTIIHE Co A1 C; B[R] 22

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.

o T E A R SSBEAT B I ORI L2 A BT i v (R A R B RAT o SR 1 A A A NS A
u)%lﬂﬁ@{'ﬂﬁﬁﬁ“ﬁmé@ o D 44 TR PR S A B 4 T B2 5 et 14 ) P 3 U R A AL A o PRI, e RUOR
T PR R AR o i T P R SR

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.

TR LE ) B3 e, A7 00 2555 R KR 1 e Ik s 2 At P 22 5 S, JX 2 S B0 14t )
A EBEERAHSMEEN RS AR, By S RAERR A2, I HFN LR
BREG VR BORA . NMINEZE XS B3 Bl R 2 18 R 2 57

B.4.4 Apparatus for recovery test B 5 2%

The apparatus listed below can be used for a recovery test:

N E T R =RERIIF ¢

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

— RO AR AR R, B C5 A R
— light-scattering airborne-particle counter (LSAPC), which has the efficiency described in|C.8
— OGHUN I AEIFR TGS (LSAPC) , HBCRRIAT & C.8 firid

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

— C5.4 bRk Rgt CLERD
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— thermometer.

— R

NOTE A recovery test can also be carried out using an aerosol photometer.
Vi EI IR AT A O B T AT

B.4.5 Testreports &R E

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

A2 7 5 BN (A Vg, B 5 5 SF TR ic sk AT A5 SR8 -
a) type designations of each measuring apparatus used and its calibration status;
JIT P A DU B S 8 O 2R % AR TR AS

b) number and location of measuring points;

D& B H AL

c) occupancy state(s);
RS

d) result of measurement.
45 R

B.5 Temperature test & E iR
B.5.1 General #id

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 I1SO 7726 and other related documents for details of
suitable test methods.

ARSI B 1 PR A UIE B3R5 14 Tt ) A R I X3 P A 2 7 5 (3 L e e S A ) B 4 s AT BEAE XU
B o€ ORI BR N RE T o1& A5 PR 405 E 2 0L 1S0 7726 A EAHR A .

B.5.2 Apparatus for temperature test & & WX 2%

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

TSN R T EL 4% 1S0 7726 Pt se thEmf B AR L2EAT DIk, il

a) thermometers;

R

b) resistance temperature devices;
PR L it P2 00 R A

c¢) thermistors.
AR

The apparatus should have a valid calibration certificate.
A N B2 R R I IE

B.6 Humidity test @B MR

B.6.1 General §iid
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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 772 and other related
documents for details of suitable test methods.

AT H A S0 E B AE 2 7 5 (3t L R ip 5 1R ] B A £ 3 I X SR 47 2 IR BE /KT (R
M B D IR NI EE ST & A VA TEANE 82 I 1S0 7726 L L BRI

B.6.2 Apparatus for humidity test 25 i X 2%

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

J R AT 1S07726 TSRl 24 vHEmf AR S EAT i
Typical sensors are: 317 [{#L 4
a) dielectric thin film capacitor humidity sensor;
FLA o TR R AT R PRk
b) dew point sensor;
o AL
c) psychrometer.
TR BRI T
B.7 Installed filter system leakage test C. 2 B2 RGHIR

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.

B AR B SRR B i B A P AE AN TR AL T B TI5 5. A SR R AT A
EREAR T AEZEREE. FXHHFAYREMESRETEFRPZEERE. AFEERA
B BA XS T R LHEE L R AT RS PP AS AL AT vk s BR

B.7.1 General #fiR
B.7.1.1 Methods ;%

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 IEST-RP—CC034.4.

AW B A RS A Wi T 55 B R SR A e B T i B iE R T EH A (MPPS) B
99.95%k 5 /5 58 B BRI VR 28 R G e B AT, I UERSCERE G IERS A . IAHE. B NFLAD
Heefifn, LU S uMER) « 78 B.7 H Rl 77k 23584 th IEST-RP-CC34.4 “K4H.

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.

ARA T8 52 I PR BRARCR . Ml e KR MR /KT, S BORAE R EETERE A . AT

=
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FEI EAS Ll 5l NEIRE, IR A T AT HE SR T Y KUE EURE o 2ol T A B A T 1
/25, B 2/ DO, B SO E R, S S RO A e 5 .

Two procedures for filter systems with ceiling, wall or apparatus mounted filters are described in
[B.7.2 gnd|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 }neasuring 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 Al B.7.3 P21 SEAR B E AR RAEN . Sw st &% BT EAs RGEH 2 Ak 7%. B.7.4 P
R R L & 2 AR VE RIS . EAERAA R RGES AT %, B.7.2 J5ik RV EOLEE
M FTEKSE, B.7.3 JrikMER A LSAPC U &k 7% .

B.7.1.2 Aerosol photometer method YA BOLE 1%

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

SIEOEETHE B.7.2 ATH DA

a) cleanrooms and clean zones with all types of air-handling systems;
PAAEATRI T R GG 1 % /X

b) installations where outgassing of oil-based volatile test aerosol deposited on the filters and ducts
is not considered to be detrimental to products and/or processes and/or personnel within the
cleanroom or clean zone.

B FHESC 3 A Bl I O AR I P A% IO, RV X 44 8] / X P PR 7 i A/ B 2 /B
NGRS fEH 1

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

T MHECT LSAPC 75k, IAIOGEE T 7712 n] BE 7 2 _ Bl A B OB TR JEE
B.7.1.3 Light-scattering airborne-particle counter (LSAPC) method B =S EBFN FiT s
(LSAPC) ik
The LSAPC method (B.7.3) may be used for testing:
LSAPC J5i% (B.7.3) W T LU FIHA:
a) cleanrooms and clean zones with all types of air-handling systems;
KA ATAT I A TR PR ARG 35 1 1A] / X

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.

et PR R MM S IR A% EUTRY,  XVE AN BE K 52 B A FH I A U IR 1Y)
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.

TE 1 ATREEREAT — R EORBOHUE, R REREMAMRER (20 C5.4) o ttHA T3, Al
SRR TSN, RIS R A T S AR R T B BT LSAPC S Y 58 R

NOTE 2 This method can also be used with oil-based aerosol where outgassing can be tolerated.

T 22 AJTEIR AT TR AR HE RO I SIS IR R S

B.7.2 Procedure for installed filter system leakage scan test with an aerosol photometer
i AR BOE BT B Z2dd J8 4 R At S #0LE 05 v

B.7.2.1 General 2

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}'7 18"21 :
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W% PIRYE B.7.2.2. B.7.2.3. B.7.2.5 Al B.7.2.6 WA, W2 IERE B.7.2.4 WA, R VELE
B.7.2.7 Wik, EEREMENE B.7.6 ik

B.7.2.2 Determination of probe size &k R ~JHiE

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

B3R D= 1 cm HL W= 8 cm (SETERRER S, B D, = 3,6 em MBI k. D, A VA7 TH3#
A RS EAR, AL cme W, AFEE THETRKHELRN, A7 em.

B.7.2.3 Determination of scan rate i E B E

The probe traverse scan rate, S,, should be approximately 5 cm/s.

PRLFARGESE S, NoNZT 5 em/s.
B.7.2.4 Acceptance criteria FJ 852 i

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.
FEFAHIS AT R85 T B v s B JSE A WM s 75 DU IS 2 BB E A RS AR MR AL B . B AR FFRSRAE S
T IEOG BETHAR B 1 B R A B R TR A

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 299,95 %
and less than 99,995 %, the acceptance criterion is 0,1 %.

o R R Y B R R R 0.01% K YN i KT FiER ., (HEZ&, X T 52 BEmeR
MPPS 299.95%/)N T 99.995% {1 JE 48 K5, FIHEZFRAEN 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.

IR PTI98 s R G e BEMERCRART 99.95%, WA 6 BEAR Y 2 7 5 {4 L e 2 M) B4 B AL A1) T A [ ) T
B hRitE.

For actions to be taken to eliminate detected leaks, see|B.7.6
H B TR H B 75 SR IR 4 2 WL B.7.66
B.7.2.5 Choice of upstream aerosol challenge _L3#5% i Hk 5% &8

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 pm to 0,7 pm with a
geometric standard deviation of up to 1,7.

KK Laskin Wi, A pldds B ABL5 0 N AR R 9T B3 =, 38 31 i 75 2 S VE PR A
o MRV HIE AR B B BURL T BAR—ON 0.3-0.7um,  JUFTAR#E(R 72 e 1.7

NOTE A guide to aerosol source substances is given in C.8.4.
e RBERIEY PRS2 L C.8.4.
B.7.2.6 Concentration of upstream aerosol challenge and its verification _EJ# SRR E KZH

The concentration of the aerosol challenge upstream of the filter should be between 1 mg/m3 and
100 mg/m3.

g BRI N 1-100 mg/m3.,
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NOTE Not all photometers are capable of using 1 mg/m3 as the upstream challenge.
T IFARITA G RRERE A 1 mg/m3 /Ey Ll PRI L .

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.

82 R FH 3 24 I B D VR SR AIE AN BRI KRR R IR B 35 RGN, S E IR VR
I HERIGIE, NHUE LRI EN S R

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.

LR AR i BRI U SRR A AN N P R (B A +15% o IR EEAELAR TP 2948 2 B B/
TR AR R AU o AR R EAT 2 P AT R 5 I 0 DN S T A SR e e 5 B R R R E

B.7.2.7 Procedure for installed filter system leakage scan test B Z 3T % KA IREHNR
%

Prior to performing this procedure, the airflow velocity test 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:

FEPAT AT FT, R TREEE (B.2) o Wit LA R s 4T, R 38 3% e e /K1 H
TREIES RGAIR AR AR, R R E PR E R AL IE S L, HIDGRE TR S AT T
e AR B2 T AE R S A AT

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;

1 B.7.2.6 WIEEIEA LU0 RIS . 2 ORI B L 10006 T I REH*TE . Tl
W oo WK B B A L 5B o
b) the probe should then be traversed at a scan rate not exceeding 5 cm/s using overlapping strokes

(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;

RIFEHEHEL AL 5 cm/s REEEAIRES (EWES 1lan) 6. K45 Mg RN
HEZEH4) R B BN 3cm B /)N

¢) 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;

FAFE LA o B JE AR RS TR I R I UE AR B0IL S . I YE AR LA R M S A ) AL
AFE A,
d) measurements of the aerosol upstream of the filters should be repeated at reasonable time

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

FERSIRTATA L IR RN Ja s N DA BRI [h) 18] B 2 2 I B i i o B0 10 SV BRI, AR AR A
KRR EN (20 B.7.2.6) -

B.7.3 Procedure for installed filter system leakage scan test with a LSAPC 3XF LSAPC Xt
DR IS R KRR E

=
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B.7.3.1 General i
Preparatory steps are contained in|B.7.3.2 0|B.7.3.7] test procedure in|B.7.3.8 and|B.7.3.9] acceptance
h B.7.6)

criteria in|B.7.3.4 gnd repair actions in An example of an application with evaluation is contained

m

B.7.3.10

&P IRAE B.7.3.2 & B.7.3.7 AR, MR TJ7EEE B.7.3.8 f1 B.7.3.9 Wik, AIHEZERELE B.7.3.4 i

B IETENIAE B.7.6 ik . DRG] SEGIIAE B.7.3.10 .

This method has a two-stage approach:

RITED N 2 2

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, N, in sample

acquisition time, T, 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 N, is described inmnd T, is described i The procedure for
stage 1 scan test is described in|B.7.3.8
S AR ISR RS R AR . R LSAPC I, FEEURERTE] (T WAL
A E MR (N R AT 332 T BUE A s W os AT BE MR . U, NEHENEE 20
WUR AR R IRIGIE, WATFRER B IFHE. B.7.3.5 Mk 7 W THiE N, B.7.3.82 ik T i
7€ Tyo B.7.3.8 HIA T 25— HAIATEF

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
with the LSAPC, detection of more than acceptable count for given test conditions, N, in sustained

residence time, T, indicates the presence of a leak. The determinations of N, and T, are described
in[B.7.3.9.2] The procedure for stage 2 stationary re-measuring is described in|B.7.3.9
% Rk B A RE MR AN R ORI BUE A B, R, ERNE. EA
LSAPC BEfs sl S ferh, EBCRERTa] (T WA TR E WA (N, KIUHE T2 14
B SRR AT RE LM . B.7.3.9.2 IR T ANfRI 5 N, M1 T, B.7.3.9 BJIR 28 — D045 HHT
BTk

B.7.3.2 Determination of probe size kR ~] I &

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):
PREK AR SR PR BE AR SR I 2 SR E S e SR AR R, HZE R AT +20 %. $RELEATHNA

AKX B.7 5
D, x W, = Quq/U (B.7)
Where H 1
D, is the probe dimension parallel to the scan direction in cm; 53345 [A -4 I HL R, cm

Q,q is the sampling rate of the LASPC in cm3/s; & LSAPC HUFFI# S, cm3/s

U

is the filter face velocity in cm/s. AL JER R HEZE, cm/s

W, is the probe dimension perpendicular to the scan direction, in cm; HFH T HMTHELRST, om

It is desirable to choose a probe which has a rectangular inlet in sizes of D, =1 cm and W, =8 cm or a
circular probe of diameter D, = 3,6 cm. Recommended probe dimensions are based on a sample flow
rate, Q,, of 0,000 472 m3/s (=472 cm3/s, 28,3 1/min or 1 CFM).

BAFAHEE R A D, = 1 cm A1 W, = 8 om MERKHETE, BURSE D, = 3.6 cm (BRAR L. 4Eish
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PEFETE Qu R 0,000 472 m3/s (=472 cm3/s, 28,3 1/4r408k 1 CFM) &4 K ]~

If filter face velocity is unusually high (>1 m/s), a smaller dimension for the probe, D,, can be calculated

by use of Formula (B.7).

AR eSS R S (S1m/s) , WRMER A3 B.7 THEAS E/NMIERSL R Do
For a circular probe, Formula (B.8) can be used to determine the value of D,

X F BRI AR B8 152 D, fi:

,.
— 2
D, =2xy/Do x W, =W,

(B.8)
Where H+
D, is the nominal probe dimension parallel to the scan direction, in cm;
AT TR T T A LR, BAL em
D, is the actual probe dimension (diameter), in cm;
NEFFRL RS (EAR) , AL cm
Wi is the probe overlap dimension perpendicular to the scan direction, in cm.

NEEE T AT RHELES RS, B0 cm
For a circular probe of a 3.6 cm, diameter, D, is 2.54 cm.

XFEAEN 3.6cm MEEARL, D, A 2.54cm

(‘/
o

Ws

D,

Key &
a  Qverlap. &
b Scandirection. 1477 1]
Figure B.1 — Circular probe dimensions diagram
& B.1----BF LR T E

NOTE In order to scan the target surface area most efficiently, it is necessary to select W; as D,, becomes
equal to W, In case of circular probe with a diameter of 3,6 cm, the most efficient Dy is 2,54 cm.
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T ERARBGBER A AR A, ALELREEN D, T W, I W MRREHELERN 3.6cm, &AL
] D, N 2.54cmo.
B.7.3.3 Determination of scan rate F33% B K &

For a rectangular probe inlet size of D, = 1 cm and W, = 8 cm, the probe scan rate, S, is 5 cm/s or less.
For a circular probe inlet diameter of 3,6 cm, the probe scan rate, S, is 12 cm/s or less.

IR RSN Dy = Tem F1 W, = 8 em, HEKIAFIE L S, 808 5 em/s BUEAR. WIRZ R TE
PRL#E HEARA 3.6cm, TRLFFHSL ] S, N4 12 cm/s B,

Where the upstream aerosol concentrations cannot be achieved, it is necessary to change the scan
rate. The scan rate, S,, in cm/s can be determined by assuming the sampling rate of the LSAPC is

0,000 472 m3/s and use Formula (B.9).

IR BRI IR A AR, WA D EZ SR RE . ATEGE LSAPC HIHUFEIE Y 0.000 472 m3/s, fi
230 B9 tHE AL S, AN cm/s.

Dp
S, =Cc xPx0,000472x—E

P (B9)
Where HH
C. is the challenge aerosol concentration upstream of the filter in particles/m3;

i g as BBk A R GR L, LA/ m3

is the expected median of particle counts that characterize a designated leak in particles;

PARUE L AR A AN W 7 S IWAck AR IR/ B S

P is the maximum permitted penetration of the filter installation to be tested at 0,3 um.
DA 2 WY 0.3 um R AR VE IR R IR

B.7.3.4 Particle size to be counted and acceptance criteria £ i8R T B AW EE 2 hriE

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

R ORI N S5 T 8K T 0.3um.

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.

FHHI A U (o R R A I 22 B A5 Sk Tt Ak o S I S A B AR RS A

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 299,95 %
and less than 99,995 %, the acceptance criterion is 0,1 %.

o R AR R IR U 0.01% ), WA R iF iR KRFER . HZ, XWTFEBsR
MPPS 299,95 % HAK T 99.995% 1L €28 R4, W2 hriEN 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.

WIERARF I JEA RSB R MPPS KT 99.95%, I 75 BAKHE 25/~ 5 A i 2 18] B 0 e SR AN [ )
AR AR
B.7.3.5 Expected number of particle counts Fi¥ 7%t H

The acceptable number of particle counts during the scanning (Stage 1) is N, and it is desirable to select
aN,valueofOor1.

=
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PR R T CGE—2) AN, mlFiksE N, EY 0 5L 1.
The lower confidence limit will determine N,. It can be calculated with Formula (B.10).
BAE FRIISHE N, (. AR A B0 5.

N,=N,-2/N,
@« P NP g0

where N, is the expected median of particle counts that characterize a designated leak of particles.
Horbt N, TR T TP R, R TR R
Itis the value N, that is carried forward in Formula (B.9), and Formula (B.11) can be used to calculate N,:

16 N, fE23U B9 PR, 23U BA1 Al T Np:

N, =(N +2+2]1+N
p=(Na +2)+2y ¢ (B11)

When N, =0, Np is4,and when N, =1, Np is 5,83.
Wk N,=0, NN, N4, WHRN,=1, N, N 583.

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

VE: WERAHOARZHOL A TR “BIR SEURFIME, &S N, 5 N, hBE#E .
B.7.3.6 Choice of upstream aerosol challenge _J# ¥ B )% %

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 um to 0,5 pm with a geometric standard deviation of
up to 1,7. The median particle diameter for this production method is typically between 0,3 pm and
0,7um with a geometric standard deviation of up to 1,7.

BN A 2 0 BUAR RSN RIS, 8B 5 3 S BRI B . BERh S i AR BT VRS
B TR AR E— BN 0.1-0.5um,  JUTARAER 2 B s 1.7 BERR SRR AR T L R ki a2 vp A —
AT 0.3-0.7um, JUAATFR I 22 5 1.7 6

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

AT A AR 2 ELAR AR A S S e Pk ko

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

BRANBESI AN N RS, TR PRI o L3 R LBk

NOTE A guide to aerosol source substances is given infC.8.4

TE: C.8.4 Rt 7RI AR -

B.7.3.7 Concentration of upstream aerosol challenge and its verification _EJ# <S5 BHk AR B L3
N

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):

L yEae B R BOR LR 2 i, TAF] B.7.3.3 Al RS2 SKB IR . RS B 0T kAR
JERH A B2 5

CCZprSr/(QstDpxPL) (B.12)

=
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Where H 1

is the challenge aerosol concentration upstream of the filter, in particles/m3;

it g BRI ROREE, AN/ m3

D, is the probe dimension parallel to the scan direction, in cm;
AT T T SRR, BAL em

P, is the maximum permitted penetration of the filter installation to be tested at 0,3 um.
NRFIN L P8 A8 R 0.3um BT VT e K B R

Qvs is the actual sample flow rate of the measuring apparatus, in m3/s;
DB AN A R SE AR A aE, AL m3/s

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

NTRAIRSE, AL cm/s

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

4 B.7.3.2 F1 B.7.3.3 FEEVUIRI T FIFTIR AR, v B.2 Hidk#ad JE a8 B Rk E .

60 000 000 T e : T . T : ~ .
7
/// 1
50000 000 /// -
- ~
,/-
40000 000 — —
/'/
Y _ |
-
30000 000 i —
20000 000 —
Dp=1, Na=0
- Dp=1, Na=1 ;|
10 000 000 —// —-.— Dp=2.54, Na=0 —
N ———— Dp=2.54,Na=1 i
0 1 1 | 1 I 1 1 I 1 1 1
5 10

Key A&

X  probe traverse scan rate, S, in cm/s
PELAREE, S, AL cm/s

Y challenge aerosol concentration, C, in particles/m3
PR REIRIEE, €, B A /m3

Figure B.2 — Challenge aerosol concentration, C,, for various probe traverse scan rate, S,

K B.2— b URIRIK L C,pr AR HIEE S,

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).

REWHIET, BOREAE R B BN L3 R B il 21 00 B iR B . B ik B, I A
IR R it St LSAPC IR AT 2 IR (&R -
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Challenge aerosol concentrations can be adjusted by changing the probe scan rate by use of

Formula (B.9).
A A S B9 I SR Sk o R TR R R A AR S

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.

AT 38 2 BB BT N 238 RV OB RO & 2 — PR AT B E . AR R G2 | kK, N E
SRR E ;o XTI SRIAIE,  NAE FHC R TEN ORI

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.

X A B I ST R B B P A (B AN N P B 215 %o AR TP M 2 PG
XA/ R (1 D0 R ABRE s T et R P T 2 BT A/ N s PRI R BB o B 2 OG- Ay b AT 2 R
R 5 MK R VR (5 RN P e 7 55 L R P R R

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.

AR E SR AR B BE B TE) AR Ak, PR AR 420 15 10 () 7 e Sk e &, DASRAS S0 10 R et 3B

THE .

B.7.3.7 Procedure for installed filter system leakage test, stage 1 scan test & &35 JE 2 R SRR
HiE, B BHEENRA

B.7.3.7.1 General #tid

Prior to performing this procedure, the airflow velocity test (see 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:

FEPATARTIE R, RO (ZH B.2) AT W R B LA RSB AT, N SR

KPRl B S A I AR I K, R R E PR R E N E RS L, ] LSAPC £k 4

RLUE S T AN B 22 T AE R G B2 A e A

a) measurements of the aerosol upstream of the filters according to|B.7.3.7 $hould be taken first to
verify the aerosol concentration;
R4 B.7.3.7 E MR IES: Ll A, PARA IR IRIRE

b) the probe should then be traversed at a scan rate not exceeding the value for S, stated in|B.7.3.3
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;

Kk A B.7.3.3 IR R s, X E S, kN

¢) 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;

RLAERES I g AR AN MR . B EAR AIA%  RLESRIUME SR ME A 2 A B, AR
Hae O AT
d) measurements of the aerosol upstream of the filters should be repeated at reasonable time

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

=
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FERTIR AR AN 2 J5 N DA BRI ] 18] B 22 2 0 S A% B3 I BRI, A APk R
R L PR E 1

B.7.3.7.2 Measuring parameters for two scanning types B # M E S

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.

— MR, LSAPC BCit 2 HIRNS i € BURE AR 2 ok 7 34T TH 5 . ¥F 2 LSAPC RSN B R
TOEAE AL AR R 8] A Bl R T i
Thus, the conditions for N, = 0 or N, = 1 (N, is acceptable count for given test conditions) should be

chosen in the installed filter system leakage scan test with the LSAPC.

(Al A ] LSACP #H47 O 233 JE 2% RA AL IR RIEFE N, = 0 BN, = 1 B (N, J93E e it
AN EUED -

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

e RERLIRAEIT, TR R L AR T 2, BRAE AN [F) T H e TR AT BRI )
If the apparatus is equipped to emit a sound for each count, leakage can be verified using this sound.
W SRAX S P AERE R VO S, DT A FH A P SRS A 7E TR

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

(Dp / Sy)-

AR SRA 8 T A TS0 30 1R A L AR I ) P A O R, R AR R N, I SRAERT (] (D, /S
P BITHBUESE T BN T Ny WIBR A BAT R -

For reasonable test conditions, the following two scanning types can be selected:
MR A B, FIEFELIT 2 8305 5
a) Scanning type (a): Choosing N, = 0 for 0,3 um particles;
R (a) « WEFH 0,3 um 27N, =0
— suitable when the frequency of stationary re-measuring is predicted to be very small;
— & TR EHIE A AU AR R
— type (a) test requires lower concentration for upstream than type (b);
— (@) FKMRER EPFAREELE (b) RIMBEAR
— absence of a leak is verified if the count is 0; the scanning test can be continued.

— WRWHAEY 0, NHERITCHR, 7Tak8aHElik

b) Scanning type (b): Choosing N, =1 for 0,3 um particles;

A (b))« EFE 03 um A FN,=1
— suitable when predicted that stationary re-measuring may be necessary;
— &G T AIRET ELE T BN E AT B

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

— (b)) RIMBUER EPFARE (a) SR, {2 LSAPC THE#8 R Z AR 2 FEAK

=
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— ifthe observed count is 0 or 1, absence of a leak is verified. The scanning test can be continued.
— WARMER T EAE Y 1, MF AR MR PTAREE

B.7.3.9 Procedure for stationary re-measuring 345 BN E 57k

B.7.3.9.1 General i

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

MELBIRL TR T N, W SR AT REAAAE MR, R P S5 7 vk Sl & 1%
B.7.3.9.2 Detection of leakage by stationary re-measuring /% E ¥ £ )%

a) Observed counts smaller than N, [particles]: the observed counts for T,, equal to or smaller than
N, confirm an absence of leaks.

ST BUE /N T Ny, TREFY B ZERFE] T, TS T BUE %S T80T Ny, MIEfIAE
MiRE
b) Observed counts larger than N, [particles]: if the observed count exceeds N, stationary re-

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

PO BAE R T Ny CRLT T I QOR PSR BT AU Ny, T AT B E . 0
PR EE B BT BUE TS Ny, R 25 R 8 &5 R o

B.7.3.9.3 Determination of measuring parameters for stationary re-measuring %= 5 37 & i)
=R
BSHHE

Recommended sustained residence time, T, is 10s.

AW ERAK T 8 10 7.

The number of particle counts that characterizes the designated leak, Ny,

stationary re-measuring, N, are calculated with Formulae (B.13) and (B.14):
B AR THEUE N, AGE (S BRI S ] e s2 7 8UE N, R 2430 B3 A1 B.14 AT IHE
Ny.=C.x Ppx Qusx T, (B.13)

and acceptable count at

J—
Nur =Npr_z\prr

(B.14)
Where HH
C. is the challenge aerosol concentration upstream of the filter in particles/m3;
ity as Bl BbR TR BIRE, AL/ m3
D, is the probe dimension parallel to the scan direction in cm.

NPAT FHEMOITA R LR, cm
N, is acceptable count at stationary re-measuring;

DB A5 SRR I BN TR A2 T b v

N, is the number of particle counts which characterize the designated leak;
oRsan i SRS p A e A K
P is the maximum permitted penetration of the filter installation to be tested at 0,3 pm;

=
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Qys

A 8 28 BT 0.3um R F SV B K BB %

is the actual sample flow rate of the measuring apparatus in m3/s;
AL A SEFRIUREE . m3/s

is the recommended sustained residence time(s);

N5 1]

B.7.3.10 Example of an application with evaluation P¥f 57 F 244

Examples of measuring parameters are shown in|Table B.3| These tables give example parameters for
Dp =1 cm and Wp = 8 cm with a scan rate S, = 5 cm/s, and a circular probe with diameter 3,6 cm and a

scanrate S, =12 cm/s.

R B3 PHILKZMES Y] 7. RG R RIS Dy= 1 cm LUk W, = 8 cm , 35

F£ S, =5 cm/s B, FIETERAELEARN 3.6ecm, FARGHEE S, =12 cm/s NS EFE51 o

Table B.3 — Example of an application with evaluation

R B.3—TPMA R 24

Measuring parameters

Rectangular probe (1cm x 8

cm)

Circular probe (diameter
3,6 cm)

NESH

L (1cmx8cm)

HEL (% 3.6cm)

Scanning type H3##iX%E!

type (a)

type (b)

type (a)

type (b)

Py

Maximum allowable penetration of
the filter system to be tested

ek I JEAS R G VR IR K 5B R

0,000 1(0,01%)

0,000 1(0,01%)

Nominal probe dimension parallel to

the scan direction [cm]

AT T T 1R 4 SRR R
[cm]

Probe traverse scan rate [cm/s]

PRI EE [em/s]

Sample flow rate of the measuring
apparatus [m3/s]

M AR [m3/s]

0,000 472

0,000 472

Expected number of particle counts
that characterizes the designated
leak corresponding to N, [counts]

- Stage 1

L N CTHE0] 45 52 ks 2 i 0
i H

4,0

5,83

4,0

5,83

/Acceptable count during Tsat scan
test [counts] - Stage 1

FHHIA LT 2] i Te] 7 ml szt
HE---55 10

Challenge aerosol concentration
upstream of the filter [pe}rticles/m3]
1oL U e PR R IR LA
/m3]

423728 814

617 584 746

400373 682

583 544 642

pr

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

0 N KTHEC] 95 5E TR R I 5
{5IN 8] Ty = 10 PP AL E R 520 H — 28

v

200,00

291,50

188,98

275,43

EFRFriE 1SO 14644-3:2019(E) 1514 & A 23 IRES 58 3 324Gl 5 vk

=
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Acceptable count during 7. =10s in

the sustained residence time [counts] 171.72 25735 16148 242 24
N,. |- Stage 2 (rounded) ’ ’ ’ ’
GEASEI 1] T, = 10 A0 A AT $ 52 T 0l (171) (257) (161) (242)

(i) -3 =3 (B4

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

(AHUs) Z37E N AR SAETEIT (AHU) H T 3838 i) S A iR 2R R ik

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.

AT AT TPl XVE A 222 R DB A% 1 B AR IR 2 o AR50 AT T 0 22 el A B 41 A A A
T, AT E RN WA A TR R IR A RSz B.7.2 M1 B.7.3 ik JjiEAEH H
SRR RS R A2 B R G b SR IE R IR, OSSR SEIN 2 R 2E 2 M Aok . DRA
D5V 24 FH I L8523 O A B 3 14 () DX XU N e Bl JE A it HLCi2ont Hedb AT 494
KR RIS OL . A e St Beit,  WATI LA T4 07 1%

NOTE1 This testis not designed to cover exhaust HEPA filter systems.

e ASIEIFAEA T HEX HEPA 133838 R4t

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.

BEAT AU 5 )3z B3 49 0] / X 2 22 3 pE s LI 5l AR IS e & Lk IR, AR
JE & O e ORI, 5 RV T LB, A 1 i A R ) B A R R BB R
The airflow velocity test (see 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.

WIVRBNRS 2 SRR (S0 B.2) NAEANRZ BT 58l NACHRIE B.7.26 (KA 75
&y, B.7.3.7 (LSAPC 7775 & LI EE, PAIGUESIE B FE F 511k .

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.

AR B LA B ST A U R AT I R . A RORIB S S, T NLAE i e A b R A R il
30-100cm AbAH AP BE ) B BEAT — AN . PR BORE T 9%, DR ORI & (0 H8 Nz el 2 7 St
L e A e A 5 o

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).

LS FUTE A ATA I BORL TR R B N DL S BRI (R (R R N &, DA SIS IR AR E T (S0
B.7.2.6 f1B.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
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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.

DGR, RS APREGREE, MRS NI ER A0 b &= . ] LSAPC I, JEHRL TPk
{ME, THE T RPRAR SR NI CLE IR 7 b E A RSN A 0 U BE AR TR ) 20 B
FIER, BURTE S SUENRE P E 1 E .

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

A% B.7.6 BA 5 N 22 T B kR R REAT AS AN B IE
NOTE 2 For aipllcatlons where ducted filters are required to be leak tested by scanning, the methods are

described in|B.7.2 nd-

VE: GRS R K TR s A T R, S0 B.7.2 A B.7.3 HRRTIR Tk

B.7.5 Apparatus and materials for installed filter system leakage tests C.Z 2T IR R 5
Tori A AR A R

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 ARG (&
W C.8.1) , FRAHTH SR HER AR T HE ME 2 10% 015 %

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

designated leak. YHUN S BIFRLFIHEAS (LSAPC) (U C.8.2) , RH T sk 12,
WA T 48 € MR 2 10% 115 0L

B.7.5.3 Suitable pneumatic or thermal aerosol generator(s) to provide appropriate challenge

aerosol concentration in the appropriate size range (see &4 BB IR IR K AR
e LTI L T PRI b R (2 C.8.3)

B.7.5.4 Aerosol dilution system (see|C.5.4). SiARMBERG (W C.5.4)
CREIRIE L (ZW, C.8.4)
Apparatus specified in[B.7.5.1 fo[B.7.5.3 $hould have a valid calibration certificate.
B.7.5.1 & B.7.5.3 "FHTALE B ACE L EL AT RO R IEIE o

B.7.6 Repairs and repair procedures £ %45 5%

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.

WG HE P SN e BN, AT isdEiz . B2 05 7R N5 18 B & A i i L ) el o 22

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

FEXRFEAEAZ HIAPRHN N5 RTS8 AN 737 U B A 7 i AL 2 L
Detected leakage in filters, the sealant or the grid structure should be repaired.

A b T IR A R AN, A S 7 B R A

Repairs to filter or the grid support structure may be made using procedures agreed between the
customer and supplier.

AP 2 7 5 BN R B R A T v o0 i s Bk Ml S A R AT 4R 1S

~

B.7.5.5 Aerosol source substances (see|C.8.
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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.

TESE B & M T B W (8 2 fa, 8 A 4 e D7 3200 ke A B A
B.7.7 Testreports W& &

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

RAEE T SN Z Mg, BAZEE 5 SFpndidk bl ME B A EdE:

a) test method: aerosol photometer or light-scattering airborne-particle counter (LSAPC);
MATT: BB BOGHUN & R T iU (LSAPC)

b) type designations of each measuring apparatus used and its calibration status;
Jit B8 A S 5 S R IR RS

c) specification of the filter;
L U8 A A%

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

ATPFARATRRE DL, BB AT A RO, DL 5 (N 7R 2 T8] 05 A AT 5 R ik

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

R RGR I AR, DL L EORE s L AT IR (]

f) sample flow rate; and for LSAPC measurements, the particle size range;
FE s, LA LSAPC Il & A okifs vt

g) calculated average upstream aerosol concentration and its distribution;
THE TS R R L P P S e A I 10

h) calculated acceptance criteria applied for the downstream measurements;
THSELPITAS i I 3 P S

i) result of the downstream measurement for each clearly identified filter, area section or measuring
location;

BRI AR IR I JE RS < DX 7 B 257 B T e D 5
j)  final result of the test for each defined location;
RN E L B E 2SS

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.

R B M, WIBUET . BN E MRS, BB R L A% A B A ) gk R
B.8 Containmentleak test 2% 414 it e 5k
B.8.1 General %A

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.

AR A0 58 A 54T 3275 G2 S A AR A2 4% XRG4 X, A6 7K IS R AEAR 28 8 1 T 155
Do

=
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B.8.2 Procedures for containment leak test 2% A MR T 1E

B.8.2.1 Light-scattering airborne-particle counter (LSAPC) method YtBUN ZS &FHN il H#e
(LSAPC) JH¥E

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 103, and equal to at least (3,5 x 10°) particles/m3 at the particle size to be measured. If the
concentration is less, generate an aerosol to increase the concentration.

DB A P A 2 T B ) ) A R 9t 443 1) 5 D XA IR o FL AR I B R P2 KT 45 (B 2 1000
B, ST A (3.5 x 109 AMKIT/m3. WRKRE AL, H1E A B IR E .
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.

A gt . RIS H BN, LA Sem/s RN AR AES, B DAL Em B D,
B AL BN & R HFE A BN T Seme FHEE A AT,

To check for intrusion at open doorways, flow visualization methods are recommended.
REA T 1T 2 SAR NG DU, O A AT A 7 25

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

AR 38 AR (I PITA K T 3 B SR 3B S OR300 2 — B4

NOTE The number and location of test points for this measurement are as agreed between customer and
supplier.

e AR I R E AL BRI 2 7 5 S R
B.8.2.2 Aerosol photometer method S ARt E 52
Produce an aerosol outside the cleanroom or device in accordance with|B.7.2.2 |n concentration high

enough to cause the aerosol photometer to exceed 0,1 %. A reading in excess of 0,01 % indicates a leak.
% B.7.2.2 FE7E 1 1A] Bk B A AR BRI, RN R 08 3 BV O BT 0.1% . 3K
0.019% M A7 itk -

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.

K B g b e it . S AR B A AR S RS, DA Semy/s S8 RS AR NI, B O AL BN 5 s 2R
[ PE B RN 5eme

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.

R A URAR O, 2% AR AT A0 0.3-1m AT &R .
Record and report all readings in excess of 0,01 % of the photometer scale.
LA P O EETHZIE 0.01% 1352 4L .

B.8.3 Apparatus for containment leak test % [ it e A 23

B.8.3.1 Artificially generated aerosol source, as described in|B.7.5] with a valid calibration certificate;
N T ARSI, % B.7.5 ik, BEENRIEIEH

B.8.3.2 Light-scattering airborne-particle counter (LSAPC), as specified inor photometer,
as specified in[C.8.1) with a valid calibration certificate and a lower particle size discrimination
capability of 0,5 um or smaller. YU TS EFR T 1HE#E (LSAPC) , #% C8.2 Frfle (&
JGEELE, % C8ARE) , AAARNUIZIEIET, KARHMAE IS T EART 0.5um.
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B.8.4 Testreports W&k 5

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

RAEE T SN Z MR E, BAZEE 5 SFpndidk bl E B A EdE:
a) type designations of each measuring apparatus used and its calibration status;
JIT A BT DN S AR B 5 e R I IR
b) data collection technique;
i REBOR
¢) measuring point locations;
& A E
d) occupancy state(s);
RS
e) result of measurement.
45 R
B.9 Electrostatic and ion generator tests 5B A1 5 T & A 253
B.9.1 General #%iA

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.

AWR 2 WA —H XN, BN AR (B TEED LK. R
TPl TAERN = 3R T A R, DARHAR . T & 3 T s L e 35 1R/ DX e O e L Y R B
e RV IR e 3 W % T P BELR 2 T s P BEL AT AP 1 o B R A 2 U @ W ) 4 7
WU 28 R JCHRL T T, s IO M AR R A FBE, SRVPAS B T R A2 IR RS . BRI R 45 R BoR
O F IR (R ARD R, DLE T AR R T 57 B 1 H R A P L

B.9.2 Procedures for electrostatic and ion generator tests L1 B 7 & A2 28 A 5
B.9.2.1 Procedure for electrostatic test & H IR i3

B.9.2.1.1 Measurement of surface voltage level R f H EI| &

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

AR AN 2RI I/ B PR 17 R i L PR TR T 7 s v

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.

R PR T [P b < SR AR T, R T R R T B R R O E . RN S B R BCTAT, kS e)E
AR T 2 8 IS A A 7 T U A A5 o A 2 P < A ) 3 AR B A 08 K AARE 5 A S AL R RS R IR AR
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KhERMA GG E .

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.

R TR MR R, TR AR T . JER LT N5 34T %
VEENARR . O 7T RN, A TR AR AL R ARk 5 3R i A TR, PR BAT A2 5 K
R

Record the readout of the electrostatic voltmeter.
1O Ff HEL L

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

IR 127 FH 75 M g 32 P e 22 R N M B A
B.9.2.1.2 Measurement of the static-dissipative property & H /1§ 8BS &
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.

e o 0 R T PR RHL (R TEAS [R) A7 B TR 1 I BED) A L BE (R AN T TR PR FELBELD SRV 7 P AR 1
Rk Al R B T HEA T IX i
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.

JH BB AT RS 3 224 ) AN ) 6 T P BELA s LB o 0 T R LN, X 8 W A I 5 3R T DR LA 1) B
F

Specific details of the test conditions should be agreed between customer and supplier.
LI S5 B0 B AR5 8012 e 2 P M 7 ALE

B.9.2.2 Procedure for ion generator test & T &£ 23K

B.9.2.2.1 General i

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.

AN H B PPl OOUN LB A B R BE AL T8 A I TAD MM L I e BTSRRI ) O T B
FL RS AT BR A LT AR, DI AMEE L R D 1 VAl P B SR AR K B R P R SR T AT .
THIA Pl 238 BN R BRR LT

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.)

TR A 3 MR e PR TR T AN I 85 S YR CF I A P g R A AR MU A 7 AR
)

B.9.2.2.2 Measurement of discharge time J3{ B [6) 0| &

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
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from a power source.

MEA GRS (1 20pF) KM (BZK T BP0 BATIE. JFaan, R RuRss s, &
) R0 1 B A L

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.

FEARCE 455 VAl A OUR F 2 s 1) R R AU A, R B AT PR AR A o NEAZ P T P T T AN T IS 25 0
A H B N 17 A AR A

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.

JBCEL IR B 5 SO, B FEL A 02> AT 06 H T - 10 %%l T 5 A 1] o

Discharge time should be measured for both negative and positive charged plates.

A B R (14 7 PR AR I 2 0 B S L ()

Testpoint locations and results for acceptance criteria should be agreed between customer and supplier.
FR s A B AT e SR v 5 SR N 12 i 2 7 A3 T U

B.9.2.2.3 Measurement of offset voltage %Mz H I I &

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.

P 22 AR AE LB 5 A 1 1) 78 PR 0 00 B M R T o PR P TS T M 48 5 P R

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

JFURm AR N, DL BREGR B, BOZE R LA 0.

The offset voltage is measured by exposing the plate to the ionized airflow until the voltmeter readout
becomes stable.

R T HER AT, BB TSR, AR

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.

P, 2 4 P 32 A A FEL RS AR T A X D A0 e LT RIBURR VR T X8 o PR32 MR M P e B 1% R 25 7 R
I R UE -
B.9.3 Apparatus for electrostatic and ion generator tests & A1 H B 230X 28

B.9.3.1 Electrostatic voltmeter or electrostatic field meter, for measurement of the surface
electrostatic voltage level for the electrostatic test; & FL LR THE: 3708 T, Ff Sl &R

T e FL L

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

electrostatic test; /=y HLFHRR AR 0T, i FE DU il 2 s F R IR

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

B R A A D e 0 7 AR B 0 %
This apparatus is described in|C.10] The apparatus should have a valid calibration certificate.
XELALASAE C10 LR XA N H A R I IE .
B.9.4 Testreports JiAHR S
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By agreement between customer and supplier, the following information and data should be recorded
as described in|Clause 5

RAEE T SN Z MR E, BAZEE 5 SFpndids LT ME B A EdE:

a) type of tests and measurements, and measuring conditions;
DA 28 7 DA K I B 2% A

b) type designations of each measuring apparatus used and its calibration status;
JIT P 4 U B A A R SR R R R IR S

¢) temperature, humidity and other environmental data if relevant;
R MR e EE (AR

d) measuring point locations;

R Y VA

e) occupancy state(s);
i RS

f)  result of measurement;
&2

g) other data relevant for measurement.
e R e dE

B.10 Particle deposition test i T P

B.10.1 General Bt

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.

A TGRS WU 56 B PR e, N R Vit 44 = e 0 b O B AT R AE 7 il b B AR SR TR b KL 1 FRRL AR AN
H 7R S o FH R TERE I SACL T Pl G A XIS 2 1 AR IS R AR TR RE 7, DG 5% AR
L PR B T R A SR i AR IR B, AT DLRRL TR FE T RIS R U B R i B . i DA
BRI T] A FRDRE - Jo1 O A o U P A

B.10.2 Procedure for particle deposition test }i T &R 5%

B.10.2.1 Collection of particles on witness plates IR _Fki 7F4

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
location of interest. The following procedures and methods should be followed when manipulating and

collecting particles on witness plates or another test surface:

AR B Z 8 B AL S MAR AL T [F— AP b, BRAMEERS, JRERES R 5 RS R A48 .

PR 9 A B o BRI (53— ) FERAEACIIN (B —MASRT D FoRLT i

TG TR AR AT

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

BAEF RSN RGIBEILH, AT EIBTEXR,

=
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b)

d)

g)

h)

identify each witness plate and clean to reduce the surface particle concentration to the lowest
possible level. Determine the background concentration of particles on each witness plate before
exposure;

BACIIRR 2 AR R AR TR, IR ERGIEAT T i FE R TR 7 IR LI B B AR AR P o I8 B AR
BRI SRIRIE .

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

TREF 10% AR VXS L o XS (1 Ak B 5 3QEE S I AR IR e AR TR, (ERAS T B

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

FEFTA AR GE B NAL B b B IR B 1 SRR TG Gt (2R 1

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

PRI 2% 5 3 1) Y XU R, B Q7 o B i T 8 OB R TS Ay

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;

AR V5 14 18] 2 S 1 BENTRL T T BB AR ) R B NG . BRERINF T M INZY 1 /N S i s
KUURAG AR T ITRE, SR ALEAT Govh A U R
expose the witness plates during the operational state; it may be necessary to expose them

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

R ACIIA 28 i T30 A 5T, W] REAT 0 B Fe AE ) LA A P I 2 v DA ORACII R AN 2 F T R e ik 8¢
A7 i B B X 1 2R A

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

R Z R MARIIAR 2 _EIFICEREoR, JEHAFHE S B A A H LA 2 BB 75 4%

B.10.2.2 Counting and sizing collected particles Xt B4 FHH A2

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.

XEREEAE IR L PR AT T B th 42, 45 20T L IUAO R, Rl DXkt 1 1 702K

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

A SRAE FH AR, JUDKE 5% B AN ELAR AT SR B R 7 s — AT I E -

a)

b)

optical light microscope with a calibrated linear or circular graticulate;
HATBEIE T 9 277 B 5 T B A 0 2 B il e

electron microscope with a calibrated grating with known line spacing;

A AR 2 1 1 1E R e ) Fe 1 R R

surface scanner using size calibration information supplied by the manufacturer.

R R4 FR RS RIEE E

When using a witness plate, the PDR can be calculated as follows:
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U SRAE I A 2A IR, PDR AJTHELAN T

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;

XA I B T AR Bk o Bt A, SRR, ARYE R AL A2 H 0 Juid 2 kA% v
b) subtract the values of the initial cleanliness of the witness plate from each test result;

MG A 25 AR AR AT A it 1 A

c) 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.

ettt ARG SPRAE, AR PR IR PO 4 B S,
26511 U} PDR SAERYAGF IR YLHERL T

Where multiple test results are obtained, record the mean PDR value at each location and, if appropriate,
its standard deviation.

MRGRZMMEE R, CFIFEE ML ER PDRE, AHARdEmMZE GE4R) .
B.10.3 Apparatus for particle deposition test ¥i TUT FFMR 25
Various apparatus may be used for counting and sizing particles that have settled onto a test surface.
A ASE R AN RIS X I e I iR T kL 2B AT T S A
These fall into the following categories:
A7 NELTR L
a) light microscopes (particles larger than or equal to 2 um);
e R CRT5T 2 um (PR T
b) electron microscopes (particles larger than or equal to 0,02 um);
PR EE CRT55T 0.02 pm (KT
c) wafer surface scanner (particles larger than or equal to 0,01 um);
dr B R IR CRTA5T 0.01 um AR
d) PDR detection device (particles larger or equal to 5 um);
PDR il CRTEET 5 pm HIFF)
e) real-time PDR measurement device (particles larger than 15 pm).
SZR PDR M EREE (KT 15 um Bk F)

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.

flz*ﬁi‘qaﬁéﬂmﬂé{x%sﬁj‘ N2 R8Tl At AR OQ RO Ve B R 1 B 7 B8 B8 1 DR 3 B A A
REER T T IS 1) i FHASCRS LB AT RR IR TE S

B.10.4 Determination of sampling time and surface area U [B] FIR AR &

The lower the PDR, the larger the required exposed surface area, 4, 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 A%, TP ae ik RIEAR A BOK, ZERIE] T8, LA x TRLEWEK, 43 AT HERRIIE PDR.
I fpe ORI i A fERH 20 [Z WA B.AS] -
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AxT=220 (B.15)
Where H 1
A is the area of exposed surface; % #& % [H 7
T is exposure time. # & I K
B.10.5 Test reports &R 5
By agreement between customer and supplier, the following information and data should be recorded:
R P SHNEE, Bt EEAEHE
a) type of tests and measurements, measuring conditions, and occupancy state;
AT EZRA L R 2 AT 5 AR
b) type designations of each measuring apparatus used and its calibration status;
JIT 0B85 A 2R R R R IR S
¢) measuring point locations;
=g X VA
d) result of measurement.
45 R
B.11 Segregation test &=l
B.11.1 General #tid

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.

AU I B 2 DAt 5 7 B 125 FH AU ) OR3P RSOR I T VE NS S o DA 2 5 ) 1 B 2 B s 0] i 1
Xih%k, b B XA E KRR K. AT, EARGON XA IR, e S KR FE L b
HEMREE, AR DN 2 e DR X I s 1R

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.

AR S X6 Jo) PRI P 50 A1 52 Py DX Skt i 2 s L1 TR AT i 0 4, DABA S8 SRR IR BEE KT
PRARL 7N BA IR BEARCT, TR DR PR 1

NOTE Airflow direction test and visualization can be performed to identify the perimeter of the
protected area.

Ve AR T 1) AT TR A AT IR ) 2 A3 X 3 A i %
B.11.2 Procedure 5
B.11.2.1 Generation of reference concentration ZE K FKi+&

To challenge the protective airflow in the surroundings, a sufficient number of particles should be
generated. Recommended test aerosol particles are described in The mean particle size should be
0.5 pm and greater unless an alternative size is agreed between customer and supplier. In order to be
sufficient, the following should be considered:

PR B A B ORI P R, 2R RO SR H RURL T BN R BRL T E C.5.3 A, T
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EIRiAEN Y 0.5um BE K, 2 SN 18] A e ERRAb. AR IR, MR L E A

a) verify that all cleanroom systems are functioning correctly, in accordance with an agreed
occupancy state;

P B 15 AT 1 B R GE B 2 1K o5 RS IR W Ie AT

b) to establish the challenging concentration, the protective effect to be verified should be used to
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.

Dt PR B, A ISR R OR A RACR AR A DR X e P A B R U FE R SRR R
AR L N 22 /0 10 £5 T B UE s B Ak 14k
B.11.2.2 Equipment geometry %45 /LR

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.

N E MR & 1 LT IR o 32 OR9 IX IR R Sk S AR I B AN R KT 0.1me RS X 338 Bk il v i 4R
SKEFFMAFEAR KT 1m CRIERAER S SRR ) o SR A Al N CE AE B HE IR R L2
1-1.5m 4k,

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.

e R RO E 3 H R T S2 OR3P IR G AR, BAA 2 P AR 82 R 2 T R 0 5E

B.11.2.3 Procedure of measurement I & /5%

a) The sample times should be determined based on 1SO-14644-1:2015, A.4.4.
HURE I (8] B2 AR B 1SO-14644-1: 2015, A4.4 #iiE .

b) Begin the generation of particles in the lesser classified side of the air barrier assuring that the
momentum of the challenge leaving the test apparatus does not overpower the air barrier.

FER R RMRGN — LI ha A ks 1, B DR e DI B B ik sh J0 A 2 R R

¢) Record particle concentration in the lesser classified area at each probe(s). A minimum of three
1-minute measurements should be taken.

ARG XD IRR A R IR . A RALK =K 1 2 BHE LR
NOTE A dilution device can be required when measuring the high concentration.
Vi FENE RN TR R E A MR E .

d) record the particle concentration in the protected area at each probe(s). A minimum of three
1-minute measurements should be taken.

BRI XN BN AR TR . B NALSR =K 1 Bl ELR
B.11.2.4 Calculating the protection index f£3" & ¥i1&
The protection index is calculated with Formula (B.16):
TR RECR A A B.16 THE AT
PIy = -log (Cx/Crer) (B.16)
Where H 1

Crer is the reference particle concentration, expressed in p/m3, for particles 20,5 pum (challenge

=
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concentration) of the nearest reference particle counter, (guidance value: >5 x 106/m3).

AT bRERL T BEs (BRI T ) 20.5um R FARAEIKEE, RN p/m3 (5 S1H
A>5x106/m3)

Cx is the average particle concentration at measuring point x, expressed in p/m3, for particles >0,5
Hm;

HIIEE R X F020.50m BT PYIWKE, %A p/m3
PIly  isthe protection index;

WAIZSTAE /e
B.11.3 Test reports JWiRIR 5

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

WRAa % T SR Z R E, NAZH 5 2k PR ic sk BT 5 B AN
a) designation of the type of each measuring apparatus used and its calibration status;
JIT A il B A 2 R v B R IR S
b) data collection technique;
LUE/FRIS SPES
¢) measuring pointlocations;
=g X A=
d) occupancy state(s);
RS
e) result of measurement.
45 R
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Annex C fi§3% C
(informative fX £ %7%)

Test apparatus MR 2%

C.1 General iR

escribes the measuring apparatus that should be used for the recommended tests given in
this document.

BsR C el (0 A2 AN SO Hh A OO BT I A s

Data given in[Tables C.1 0{C.9 |ndicate the minimum necessary requirements for each item of apparatus.

Items are listed and numbered to correspond with Those responsible for planning tests can
refer to[Annex C for the selection of test apparatus and to[Annex A Jor 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-C.9 F R R B AR T 75 B IR SK . A A1 U 5 4 5 5 s B AHXS RE. $ A
R E 7] 2 5% C BN, SHMFE A BE AR SONATE 5, DL PAT I
Fro AR IEFENAT 5 7 5 BE R 2 18] P E

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.

A FIFA GG e i AE: (D o BARINBUER T RERE I 1, ATARE & 5 AR 2 A
iy s S
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.

P B A5 & B & i A& R IR IR SYE . AR E RN 7 o JLREE & RITE . A
U R (3.1.7) BiA 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.

AP AR T IS R B ARER, AR oV i KR ZE R . PUT J an g Al 22 i 8 5% A0 Ve K iR
FE AR o

There are at least three contributions to the maximum permissible error:

AT RANRERDH ZAHE:

— the expanded calibration uncertainty (given in the calibration certificate);

— PRRIEAHER (FERIEIES BAR4)

— 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);

— FENLRELWELSM EMIET RGREZ )G, MIUREVIRGAE. BMRED S INf Il & E
SRS

— yearly drift.
— EER

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.

=
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A, PR RIR EAE LS 2N 0.025m/s, FEFLIRZZ AN 0.03m/s, FEWEAN 0.005m/s.

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.

K ER =TI 2] 0.06m/s. FUEIRZEXNFRRLN 0, WIHRZERE (Fe¥riKixZ) +0.06m/s.

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.

e MfH 0.06m/s FEARAHERL . MR, RZERFRIR RVFINE R ZELTEEZ .
C.2 Air pressure difference test EZ &
C.2.1 General #5A
The minimum requirements for the air pressure difference test apparatus are given in|Table C.1
AR MR RARE R LK C.1.
Table C.1 — Air pressure difference test apparatus

£ C1—2F R MR ES

Item Wi H Minimum requirements BfKE R
Measuring limits N/A
MU= ek En
] 0,5 Pa (0 Pa-49,9 Pa)
Resolution

1,0 Pa (250 Pa)

0.5 Pa (1-49.9 Pa)

1.0 Pa (=50 Pa)

The greater of 2 Pa or 5 % of reading

Maximum permissible error | \echanical gauges can be used for continuous monitoring

reference but not for testing due to potential errors)

2 Pa 540 5%, HUKE

NS I (WU DR T TS NS, (Hl TR ZEA
REH T

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.

22T, @A B R RS A 51 )l A B T A B AR A, R s B 4 T/ XS A
PRI 2 B I 22

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.

RHE R ZETE, I IR AT A LK B LI I &8 R s Nk ik GRIBED TR} i 221 5
B, SRR E I N L NAARREKP IR ] 2 5 A -

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.

PUBM R 223, S A -5 AU A e AR T B 1 S 12 R R A S R B R sh B, 0B A DX 3 ) T 22
foi RS B2 LN/t o NEERRFIKFIFAE ] 8 Je ]

Careful consideration should be given to selecting the appropriate gauge range when using this
apparatus.
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A58 FH SRS ASCRS I /N o i 8 0 244 ) A TN 5
C.3 Airflow test SR

C.3.1 Air velocity meter XJE it

C.3.1.1 General #tid

The minimum requirements for the air velocity test apparatus are given in|Table C.2
AU R A A B AR R W3 C.2,
Table C.2 — Air velocity test apparatus

R C2—RIMEEIRAER

Item 3 H Minimum requirements Bf&KERK
Measuring limits N/A
MR Bl N
_ 0,01 m/s (0,20 m/s-0,99 m/s)
Resolution
0,1 m/s (21,00 m/s)

0.01 m/s (0.20-0.99 m/s)
0.1 m/s (=1.00m/s)

0,1 m/s (0,20 m/s-1,00 m/s)
10 % of reading (>1,00 m/s)
0.1 m/s (0.20-1.00 m/s)
L) 10% (>1.00 m/s)
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.
AT, I I A B FE TR IR SR Al T L i T RO PG T A U

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.

=Y KGR T, SRR, NI R AN RO R (R F ) st

C.3.1.4 Vane-type anemometer, to measure air velocity by counting the revolution rate of the vanes in
the airflow.

R X T 8 I TSR R R R I s RO

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.

BATEAME AT, 38T R R R S AT I 2 R R

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.

RS, R PR R R 2 ZE R . SR 2 ORI Ty, A 2 R A [
TR, TR, AR

C.3.2 Airflow meter Siiit
C.3.2.1 General #fi&

e

Maximum permissible error

SvFRA B

The minimum requirements for the air volume flow rate test apparatus are given in|Table C.3
PRI A 3 B I EE SR LR C.35

Table C.3 — Air volume flow rate test apparatus
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F C3I—XENRAL AR

Item 31 H Minimum requirements H&E R
Measuring limits N/A

R mr

Resolution 0,001 m3/s

R 0.001 m3/s

0,01 m3/s (0 m3/s-0,1 m3/s)
10 % of reading (>0,1 m3/s)

e 0.01 m3/s (0-0.1 m3/s)

TR A 10% (> 0.1m3/s)

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.

R, WS NHE E s SRR i E A e s R, RS T R
AWes o WIDOFEE BT, 8730 B e PR T AR B T AR A A A T 1~ R0

C.3.2.3  Orifice meter, refer to SO 5167-2.
LR &2 0L 1S05167-2.

C3.24 Venturi meter, refer to I1SO 5161—4.
Y HfiETH, 20 1S05167-4

Maximum permissible error

C.4 Airflow direction test and visualization

C.4.1 Apparatus, materials and accessories for airflow direction test and visualization, see
Tables B.1 gnd[B.2| "t J7 AL AN AT AEAL AR &8« RFAN B 1 2 A& B.1 AT B2,

C.4.2 Thermal anemometer, see|C.3.1.1
PG, 20311

C.4.3 Three-dimensional ultrasonic anemometer, or equivalent, see|C.3.1.2
SgEESRE, BEERE, 20 C3.1.2

C.4.4 Aerosol generator. /A K 2%

C.4.4.1 General fEiA

Aerosol generators for tracers in flow visualization may also be referred to Some application
examples, such as particle generators and ultrasonic nebulizers are given below.

ST Y ISR IR R A S8 IR ] 22 I, B34, — 67 FGIF-, ks A il i R 75 3 Ak 28971 HY
wrs

C.4.4.2 Ultrasonic nebulizer, to generate acrosols (mist), employing focused sound waves to aerosolize a
liquid (e.g. DI water) into fine droplets.

A Sy, ERRER %D, (GRS BRRAE (P DIZK) Z5A6 s »

C.4.4.3 Fog generator, to generate aerosols (mists). A thermally produced aerosol of DI
water/glycols/alcohols.

MRS RS, PR ) o i nAAE R DI K/ 4 g2 ) LBER IR
C.5 Recovery test H %R

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.
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TR 2SR T ds (LSAPC) = A THE I & s 23S0 rp 0K 4 2 25 R 2 AR BRL AR B0 -
Refer to ISO 14644-1.
Z: I}, 1SO 14644-1.

C.5.2 Aerosol generator, capable of generating particles within the size range 0,1 um-1,0 um at
a constant concentration, which may be generated by thermal, hydraulic, pneumatic, acoustic, chemical
or electrostatic method.

SERERES: A8 EBOREIEERAEA 0,1 um-1,0 pm JEHERRL, FERAINE Witk <. A%
R A B TR R

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:

AERSEBREIYIR: —McRu, AT DAY AR SOk A e, SR W25 B E 2065 AR ER
] A I e N

a) poly-alpha olefin (PAO) oil, 4 centistokes PAO; % a-#i%e (PAO) i
b) dioctyl sebacate (DOS); 2 R i (DOS)
¢) di-2-ethyl hexyl sebacate (DEHS); % R — % ¢fis (DEHS)

d) dioctyl (2-ethyl hexyl) phthalate (DOPY) (e.g. CAS No. 117-81-72); 452K —FiiR#is (DOP)  (f5ill1 CAS
=
= 117-81-7)

e) food quality mineral oil (e.g. CAS No. 8042-47-5); & fh 4B ¥ (41 CAS 5 8042-47-5)
f) paraffin oil (e.g. CAS No. 64742-46-7); 41l (i1 CAS 5 64742-46-7)

g) microspheres with an appropriate diameter. EL{23& 24 1 ER

If the required concentration can be achieved, atmospheric aerosol may also be used.

URER ALK B P AR IR, IR AT ORI AL

C.5.4 Dilution system, equipment, in which the aerosol is mixed with clean air in a known volumetric
ratio to reduce concentration. #iBE R G/ B, URBAEH P 5 S CL S AR LR & DA
BRI .

C.6 Temperature test {&E N &

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

TP W AT A 6 1S07726 FiTELSRER P 4k
a) expansion thermometers; # K I 1T
1) liquid expansion thermometer; i {4 #J K i 11
2) solid expansion thermometer; & {8 #4 [ Ak 15 B 11
b) electrical thermometers; H i & 11
1) variable resistance thermometer, including; 7248 FLFHIRE T, BL4E

o  platinum resistor; 4 HLH

! In certain countries, the us e of DOP for filter testing is discouraged on safety grounds. fE 2L [H %, T %4%E,
G E i e 2SI & A DOP.

2 CAS No., Chemical Abstract Service Registry Number, substances have been registered in Chemical Abstract,
issued by American Chemical Society[1#]. CAS &, b2 SCHifiZs Bicdn s, TAEALE SO B AR 2 ki s
RIBIR T -
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e thermistor; #\ {5

2) thermometer based on the generation of an electromotive force (thermocouple); 2& 4= Al F
ENFH MR AR
¢) thermomanometers (variation in the pressure of a liquid as a function of temperature). #J& /J5&
IR B AR A iR PR O

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.

XFTBOE IR S VBBV 2 A 22 5, ACERANCR ) B AR M58 0 % 23 82 A P VR B2 S T ) 20%
NOTE The requirement of range, accuracy, etc., depends on the purpose of the cleanroom or clean zone.
T VO AL A SR T 4 T E 4 X &

ISO 7726 is for a general purpose.

1507726 M+ Hi&.

C.7 Humidity test J2 2l &

Humidity tests sheuld be performed using a sensor that has accuracy appropriate to the measurement
as stated in 1SO 7726.

T EENN L BAT A7 6 1S07726 BT skl MifkErfi FE Rk .
Typical sensors are: $L 4R A
a) dewpoint hygrometers (e.g. psychrometer); & s5% Bt (BB BRI B2 )
b) electrical conductivity variation hygrometer; i 53484k 35 & 11
1) lithium chloride hygrometer; &L #830 FE it
2) capacitance hygrometer. FLZ5¥RE it

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.

XHFBOE MRS VR AVE B 2 R 22 57, ACEACR N S A I 7 3 N e VAR EE S L 1Y) 20%
NOTE The requirement of range, accuracy, etc., depends on the purpose of the cleanroom or clean zone.
T VEEE . AR AR T 4 ) B 4 DR T3

ISO 7726 is for a general purpose.

1507726 HIT—fHli&.

C.8 Installed filter system leakage test £ %3 R4k R

C.8.1  Aerosol photometer, to measure the mass concentration of aerosols in milligrams per
cubic meter (mg/m3). 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.

SEBOCET, WESERKREIRE, BACNZWETITK (mg/m3) o SUEBOGETHE
F RO T B D66 A A BT IL I . 1A AT T BRI i e AR M 5 1
The minimum requirements for the aerosol photometer are given in|Table C.4
BB T B AR E RS W& C4.
Table C.4 — Aerosol photometer

R CA—S BB

=
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Item i § Minimum requirements B&{KE K
Measuring limits 0,000 1 mg/m3 to 100 mg/m3

MR e B 0.0001-100 mg/m3

Resolution 0,000 1

PR 0.0001

Maximum permissible error (10 % for the selected range

TV KR 72 JITIE G Y 0.%

Sample probe tubing dimensions (length and internal diameter) should comply with manufacturer's
recommendations.

FERPERETE RS (RAAAR) BT & A2 7 B
NOTE Sample probe inlet dimensions are detailed in|B.7.2.2
e FEA KD RS RS B B.7.2.2.

C.8.2 Light-scattering airborne-particle counter (LSAPC), see|C.5.1] Yt Hiti 45 S B I hi it Ko
(LSAPC) , Z C5.1.

C.8.3 Aerosol generator, see|C.5.2| S H KA s, S0 C5.2,

C.8.4 Testaerosol source substances, see|C.5.3| MRS ERIED R, 20 C.5.3.

C.8.5 Dilution system, equipment, see|C.5.4| #ift 2 4t, %S C5.4.
C.9 Containment leak test 35 [ /it MR

C.9.1 Light-scattering airborne-particle counter, see|C.5.1| Y Hiif & R FH T E282 0 C.5.1.

U1

C.9.2 Aerosol generator, see|C.5.2| <4 4 s 2 W, C.5.

2 o
C.9.3 Aerosol source substances, see|C.5.3| SIE W IEY) i 2 W, C.5.3.
C.9.4 Dilution system, see|C.5.4| ¥ Z% S I C5.4.
C.9.5 Aerosol photometer, see|C.8.1) IR IGETTHZ I C.8.1.

C.10 Electrostatic and ion generator test & B 157 & 4= 81K

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.

e BET, HTE
The minimum requirements for an electrostatic voltmeter are given inTable C.5
i L L IS R R IR EDR 2 LR C.5
Table C.5 — Specification for electrostatic voltmeter

R C5—E R

Item 3 B Minimum requirements B{&KE K
Measuring limits +(1-20) kV

N & i [ +(1-20) kV

Resolution 10 V (1 kV-20 kV)

I HEER 10V (1 kV-20 kV)

Maximum permissible error (10 % of reading

FOVF I KR 22 AT 10%

C.10.2 High resistance ohm-meter, to measure the resistance of insulation materials and
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components by sensing leakage current from a device applying high voltage to a device under

test.
TR BELDR AR, 36 o JE S M Tt e 1 2 L O i AR 2 1 YRS P D0 B 2 P LR v
B

The minimum requirements for the high resistance ohm-meter are given in|Table C.6
vy B AR T B (ISR L3R C.6.
Table C.6 — Specifications for high resistance ohm-meter

R C.o— PR IR HE

Item =] Minimum requirements [RKER
Measuring limits N 5 R 1000 Q to 20 GQ 1000Q % 20 GQ
Resolution Vg B 0,01 MQ 0.01 MQ
Maximum permissible error [l AKLVFIRZE |5 % of each full scale i ZI FE ) 5%
Test voltage I H DC 100 Vto 1000V B 100-1 000V

C.10.3 Charged plate monitor, to measure the neutralizing properties of an ionizer or ionization system.
The minimum requirements for the charged plate monitor are given in[Table C.7

FREHEAUEIIAR, ISR R A EE T RGN AR . 8 AR U SR I B IR R AR €7,
Table C.7 — Specifications for charged plate monitor

R C.7—FR R ISR AR pn e

Item i H Minimum requirements R RE R

Measuring limits N 5 R +5 KV +5 KV

Resolution Vg g 0,1V (<100V) 1,0 V (>99 V) 0.1V (<100 V) 1.0 V (>99 V)
Maximum permissible error [lRAFEVFIRZE |5 % of full scale i Z1 £ 1) 5%

C.11 Particle deposition test }i It &R

C.11.1 Witness plate material. Depending on particle size to be detected and means of
measurement the following may be used:

ARBUABRAARL,  HRIERMORLAR RIS 73, AT s B AR
a) micro-porous membrane filters;
AL DE %
b) double-sided adhesive tape;
LT
c) petridishes;
B IREE SR
d) petri dishes containing a contrasting colour (black) polymer, such as polyester resin;
FAMEIE CRED B REEFRIL, nEEEH R
e) photographic film (sheet);
B
f) microscope slides (plain or with evaporated metal film coating);
BB CF ek e B IERZE D

g) glass or metal mirror plates;
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Poue m e A

h) semiconductor wafer blanks;
FFEAR

i) glass photo mask substrates;
PN Fr

j) transparent plastic plate.
1% R

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.

AU 1) 2 T D' T I 5 AR5 MR T~ FPRLAS AR, PRIERL T 5 T 2o Fride B A AR AR A L N Ay i v
Mo SR T- BN Z BE 7 00 B dpe N HOREAR o 32 B AR A ML T B

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 pm to 5,0 um)
and macro particles (larger than or equal to 5 pm).

LT B 3 R e 0 B I AR 1 102 T 7 i 0 B B 2 e YD [ P AE AQIUAR B ke B H 3RS . KT
YORE 20 & AT 73 92 O KB W RLAE (0.1-5.0 pm) AMURKL T CRT45 T 5pum) .

Table C.8 — Particle deposition measurement by surface analyser

R C8—RME M I BRL TV

Item B Minimum requirements S ESR
Measuring limits = PR Surface number concentration: [FH &k E . 1/cm2 to
1/cm2 to 106/cm2 106/Cm2
Particle size: 0,1 pmto 5 um  [kj4%: 0.1 umto 5 pm
Resolution R Particle size: 0,1 um fife: 0.1 pum
Maximum permissible [ KRRz [Particle size: 1 um fifE: 1 um
error

Table C.9 — Particle deposition measurement macro particles test apparatus

R CO— R TR ER TR

Item =] Minimum requirements RARER

Measuring limits ME=4535°3 Area coverage: 1 m*/ m”to 5000 [fi#: 1 m% m”to 5000 10-6
106 m* m’ m*/ m’
Particle size: 25 to 2500 um Fife: 25 to =500 ym

Resolution Vg ES Area coverage: 10 106 m* m*  [fi#: 10 106 m%/ m’
Particle size: 10 um Rife: 10 um

Maximum permissible|i k fo¥Fi% %  |Area coverage: 20 106 m*/ m*> [ #1: 20 10-6 m*/ m’

error Particle size: 20 um FifE: 20 ym

C.11.2 Wafer surface scanner, to measure particles using a laser scanner and microscopic or
electromicroscopic imaging devices to size the detected particles.

RREAE=EIE

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.

RLT TR EOGRE T, DI SR R AR L IR 3 LU, R 4 35 9 e B
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C.11.4

C.11.5

C.11.6

To VLR 5 AT REAE S B R T A U R IR A
Calibration is carried out by fluorescent particles 4pm and 10 pm or polystyrene microsphere of 90
um and 45 pm nominal. Measured area is <2 cm”.

K 4 pm A 10 pm 758 H KT B4 SCRAE 90pm FT 45pm 58K LG TMERIRIE . Bl T AR

<2cm?,

Surface particle counter, to measure the number (and size) of single particles deposited on a
surface by scattered light.

RIEA TS, W AU E TR R N AR e (R4

Measured area is 0,2 cm”to 3 ¢ m’. Measured area can be increased by scanning. Size
resolution is 0,1 um to 25 pm depending on selected optical system.

WA 0.2-3em?, I EAR @ LG 0, R REAR, Ktk P A
0.1-25 pmo

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.

K UTRETE, B AR ERL T8 H 5hift. MIBEE T st . AR T/EE6 A
ARSI I AT LS A e KA 0 AT o ARARERLAR 20 A 15 0 U 23 TR R 5 8 i [ ]
{TRVN AR RT3 8

Optical particle deposition monitor 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 ¢ m* can be achieved. An example of a commercial apparatus has a detection
surface of 60 cm®. Particles >20 pm can be detected. The particle deposition result is given on the
projected horizontal surface.

DKLU R A, A 7 B0 R T PUBE AR A A I RHET A5 OGS R G
AL 10-100em®s 76 A ES A KM FRIA 60 cm® ¥ . ATKS HH ELA2>20 pm ORI To R T
iR UL KP4 o

C.12 Segregation test [& & R
C.12.1 Light-scattering airborne-particle counter, see|C.5.1| Y& B =S BiF R 711588, S C5.1.

C.12.2 Aerosol generator, see|C.5.2| S E KA dh, S0 C.5.2,
C.12.3 Aerosol source substances, see|C.5.3| S IARIEMF, =W C.5.3.

C.12.4 Dilution system, see|C.5.4|#ifE R4, I C5.4.
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