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Foreword B &

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 1SO 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[HPrbRHEMLALD) RNaRRE EARHEL A (1SO i) MBCE 4. B R VT BR by ) T E 8
ORI IS0 FART R S5, F R SN HARZE B amEAREEN R, B miZEAR
ZHREMTE. EbrbRYS 1S0 REFEKR BT B IEBUFRHES, B2 mtm TiE. 150 £l
SEARRELR S REES, SEPFESERERS (IECO AEEEGF.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR R Bt — P e AR T N 1SO/IEC 45958 1 8. JCHILEERZA R 1S0 SCIFArfE Rl
SRR IHER AN E . A ST RS ISO/IEC 8458 2 Hi /gl e i i,

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 IS0 list of patent declarations received (see www.iso.org/patents).

P S A AR A BT e A BRI, 1SO AP IR BTSSRI A LR A 5T, A liTiE
FErP BT R AR B RAUEAE ERTE AT 5 M /BAT I R Y 150 BRI R A I (BH 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.

A F B BT ddna AR DO T R P Bt S B IR HhekdaE .«

For an explanation of the voluntary nature of standards, the meaning of 1SO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTOQ) principles in the Technical Barriers to Trade (TBT) see w w
w.iso.org/iso/foreword.html.

FFinE A BB, 1S0 FRAARIENE B L ST MEXMEE, £ 1SO #HF WHO
BfiARE2 (TBT) FENAMEE, 20 www.iso.org/iso/foreword.html.

This document was prepared by ISO/TC 209, Cleanrooms and associated controlled environments.
A SCAFH 1SO/TC 209 “¥ i E AR FCIZIRIR” L,

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

BT S AR S0 A4 e W B ) RS B 4 A8 4 F P BT TE b i 2 2R LA o FER 3 ww
w.iso.org/members.html | 1] $ 150 HE H R (1) 58 235 4.

This second edition of 1ISO 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:

AL 1S014644-3 B —h, BUCHE MR (1SO 14644:2005) . Ak pl cddnt FidkfT 7oA
WAEET . SRiMRAML, FEFLSE:

— (lause B.7 hasbeen simplified and corrected to address concerns overits complexity and noted errors;

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 9 3/77
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— fifb5 B.7 5%, AIEAMEUILR B VIR e S 2R 6K

— guidance concerning classification of air cleanliness by airborne particle concentration has been
moved to 14644-1111

— FHRIEEREROR AT A P o FA KR D E 14644-1.

— the text of the whole document has been revised or clarified to aid in application.
— BACMRIE A FRAT TIBITEGEE, AN .

Alist of all parts in the 1SO 14644 series can be found on the 1SO website.

AT7E 1S0 B MW _EHF] 1S0 14644 RFIHIFTA HE5T.

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 0 4/77
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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.

19 2 AR O ST 4% BB I T 5 A ] A0 209 A0 2R 5 BN S BV & B . B2 T AR RS R
i A T AT A G A, BRIr AR 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.

ASCAFRGE TIE MBI AR S TR X e RSN, AERERENZEXE, 5
PR MR . TSRS, RFMLH RS .

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,[!1 and specifications for monitoring air cleanliness by nanoscale particle
concentrations are provided in IS0 14644-12.1%1 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 150/TC 209 [for example, procedures for control and measurement of viable
materials (ISO 14698 series), testing cleanroom functionality (ISO 14644-4[3]), and testing of separative devices
(ISO 14644-7[4])]. In addition, other standards can be considered to be applicable. Other cleanliness attribute
levels can be determined using 1SO 14644-815 (levels of air cleanliness by chemicals), 1SO 14644-916] (levels
of surface cleanliness by particle concentration) and 1SO 14644-101[71 (levels of surface cleanliness by chemical
concentration).

¥ A HARFAEHPESEENER. BTSSP Ao i 7375 3 o 8l i g 23 150
14644-1 1, GO TRH I &7 SO I bR IR N 150 14644-12 . HER E S ESRE T EHBE TS
Fid i X A < S EU J7 A B E 1S0/TC 209 EE M HE b Biritie [Eldn, (kS sfssm aso
14698 #%5|) . {EREISHAERTT (1SO 14644-4) , LIEFRESFEEKT (1S0 14644-7) 1 . H4F, HAHEHLE
i ERE . HE s R B0 2 O] S 1S0 14644-8 CIRIE AL S0 MR T E B2 UK EEEACE ) L 150 14644-9
CHRA JTRLI R 2 A FE T T P A ) LU 1S014644-10 CHESR AL 224 R i BE 2 M R iS5 R B ACE)
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Cleanrooms and associated controlled environments —
Part 3:
Test methods

o T B SRS ----58 3 o RAl5E

1 Scope JE[H

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.

ASCHRE T SCRFR I RIS 3 XFF SRR 200 . JLET5 18 B A OR 52 4% 2 A B A MR T 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.

Pk RE M A PR R R RS iR X RO R, =R S RE: S8 BEREiE.

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.

PERES T R rh R 7 ER A 7RO AR A e . R I i A B i e] S )
e, BUCKHILERF.

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.

WAL, BUCRAARGZEMRLE S AR S mERER. WRR S50k 2 6k i,
A R A SO R FN M BT . BT A B AR S A A

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

A ER TEE . #RXERERE R B LS &,

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 EERARERIRERNEeER (Flin, EHAEEYE. BEDREE) . AXHNEREE X
F i SriE Y R P ARG, TR 2 A0 R i R PR RE A A

2 Normative references 5| 5t
There are no normative references in this document.

AP AR G HAREE.
3 Terms and definitions RiEFE X

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

AR BAERIE S F

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
ISO F1 IEC 4 LA Wk P b 4 BT FH AR o 00378 P

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

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 0 6/77
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— 1SO fEZ& I %55 https://www.iso.org/obp
— IEC Electropedia: available at http://www.electropedia.org/

— 1EC ¥ #} http://www.electropedia.org/
3.1 General terms —ftARIE
3.1.1 Cleanroom ¥ 8]

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

AR R TR REEZAE M B ], ot AR T BN AR R R T
%l‘ﬂ N a

Note 1 to entry: The class of airborne particle concentration (3.2.4) is specified.
E 1 BREFER TN O N .

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.

i 2 e BT TR YRR SR L, AR R R T T AR T . ARG fbE
VR Gl A R B W] 4R S 2 A

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

iE 3. b ERPREER R EMRME S, iR, R, B, REsh M.
[SOURCE: ISO 14644-1:2015, 3.1.1]

[ k5. 1SO 14644-1:2015,3.1.1]
3.1.2 cleanzone if#[X

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

PREFATHAIREZEM S RN A2SE, Higth, @R e a6 5l AL A4 o B R
FTix=EN.

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

E 1 FRESER TR A NE.

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. HeEFREKFoE Py, BUEMSRSUKERE, DURRMmEFETEIRT. 90KE., ¥
VRGP IR v fi e SR

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

i 3. FFX AT LU — AN G A R A, AT — AR R R B . M B T Bl TR i i R 4.

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

4 HEHCHRSEORa BERETER, FlRE. $E. EhH. Eehmigd.
[SOURCE: I1SO 14644-1:2015, 3.1.2]
[ 1SO 14644-1:2015, 3.1.2]

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 97477
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3.1.3 Installation #5387

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

AR Em 2SR, SHAGHEXER. SAERSE. REREMAHRS &R T
Bt .
[SOURCE: ISO 14644-1:2015, 3.1.3]
[dE: 1SO 14644-1:2015,3.1.3]
3.1.4 separative device [RE ¥ E

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

K FRE RN B0 2 Ty i AE B PR A B A b 2z ) 81 ot T Rl 2 T [ 8

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

L AT EHREREA FEERS. MEEHTN. FTEH. REBAMTE.
[SOURCE: ISO 14644-7:2004, 3.17]

[R5 1SO 14644-7:2004,3.171

3.1.5 Resolution 7r¥F&E

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

5| RS T B2 G0 SR ) f N E A

Note 1 to entry: Resolution can depend on, for example, noise (internal or external) or friction. It may also depend
on the value of a quantity being measured.

1 EEERIGT, @i, MR ONEELAMED) RS, TR RRIR T R A
[SOURCE: ISO 14644-1:2015, 3.4.1]

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

3.1.6 Sensitivity ® 85

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

W R G R A S I B {0 AR A (B B

3.2 Terms related to airborne particles 5 S &F B 78 XFIARIE

3.2.1 airborne particle BFH T

solid or liquid object suspended in air, viable or non-viable, sized between 1 nm and 100 pm
EIFESEPN. FEM 1 nm ] 100pm 1RGSR E S RCE s LR T .

Note 1 to entry: For classification purposes, refer to 150 14644-1:2015, 3.2.1.

iE 1 fESr I 2% 1S0 14644-1:2015,3.2.1.

3.2.2 count median particle diameter I+ &

median particle diameter based on the number of particles

S0 DARRE Ve ie i )i DR L ]

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.

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 9 8/77
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1 R EE—EAR TR T EESE, Rk TRERTEETE
3.2.3 mass median particle diameter Ji&+ 4%

median particle diameter based on the particle mass

AR AR o A Y BORLAE P E

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.

i1 BRPRR AR F SR —EkA AT REPEAR T, B3k a KT R R
3.2.4 particle concentration HF¥&E
number of individual particles per unit volume of air
R TA LN AR A0 TA RN
[SOURCE: ISO 14644-1:2015, 3.2.3]
[kiE: 1SO 14644-1:2015,3.2.3]
3.2.5 particle size ¥ %

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

PEAR 2 AR RSTE G0 L, A AR 2T B 7 Ao 2 (Y BR AR A B A2
Note 1 to entry: For light-scattering airborne-particle instruments, the equivalent optical diameter is used.
i1 REUE AR AR B A SRR AR
[SOURCE: ISO 14644-1:2015, 3.2.2]
[ oiE: 1S0 14644-1:2015,3.2.2]
3.2.6 particle size distribution Bi{2 41
cumulative distribution of particle concentration (3.2.4) as a function of particle size (3.2.5)
RLFHR L) BT, SRR ) R 3
[SOURCE: 1SO 14644-1:2015, 3.2.4]
[kili: 1SO 14644-1:2015,3.2.4]

3.2.7 testaerosol MEHSER

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

FL 2% O B0 AN ST S A1 AR PR B [T 4 A / el (A 1 s B

3.3 Terms related to air filters and systems 525 it 888 R4 H X HIARIE
3.3.1 aerosol challenge <& Rl

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

FH IR A IR L 18 48 2R 2 e e oL B8 28 R Gtk AT h

3.3.2 designated leak #E it I%

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

”ﬁH ‘?ﬁimﬁﬁﬁﬁ;ﬁﬁ’]ﬁi:’tfﬁwﬁﬂl&{ﬂ DGR R iH 888 (LSAPC) BRUEIBOGRETH X i = 1%
EEEIN IR oRUEiobilix P

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 7 9/77
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3.3.3 dilution system BB R4

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

1% E A LR N R SR I 5 ok 3 R & AR IR TR R L 1 R 4t

3.3.4 filter system TR RS

assembly composed of filter, frame and other support mechanism or other housing
ERLEES . HEZR K IEAth S35 4 B b e AL ) R 4

3.3.5 final filter &35 38

filter in a final position before the air enters the cleanroom (3.1.1) or clean zone (3.1.2)
1 Sula e T PE e 2 3= M iU RS

3.3.6 installed filter system &1 HE RS

filter system (3.3.4) mounted in the ceiling, wall, apparatus or duct

DR AERTENR . HEEE, MEFRRk# LS RS

3.3.7 installed filter system leakage test & %311 3 2R

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)
RN IR R B A A R R A S B E e, D8 A% A FUHE B ok Fe AN e P fi ey s
3.3.8 Leakifti®

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

IHIERS R G FE B R b s e i, 3G R R R B OB
3.3.9 Scanning 3

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

F A 6 BE o BORBUR R 7 o EOR SRARR . SREUE B 047 PR I e R X, R B i A i
i 11 A7 i

3.4 Terms related to airflow and other physical states 55K EWEREHF XHRIE
3.4.1 air change rate air exchange rate 53

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)

LA IR () A4 SR, USRI )i A SO AR o DA 3 ) AR o B
3.4.2 measuring plane JI| &M

cross-sectional area for testing or measuring a performance parameter such as the airflow velocity
FH A 5 000 0 PR 6 e 2 i o i A i
3.4.3 non-unidirectional airflow JE 8 [

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

EANE A/ EAERLES S X AT SRS S g kR

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 910 /77
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[SOURCE: I1SO 14644-1:2015, 3.2.8]
[kiE: 1SO 14644-1:2015,3.2.8]
3.4.4 supply air volume flow rate EX &

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

£ BRI 8] P A DAV B M 22 3 i B B8 R AR 5 B ) AU

3.4.5 total air volume flow rate 2 X &

air volume per unit of time that passes through a section of a cleanroom (3.1.1) or clean zone (3.1.2)
FPL7 IS (] A S 3t 09 3 X — il B KU

3.4.6 unidirectional airflow B[\

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 WTE R, KOERE . KRECPTH 2K
[SOURCE: ISO 14644-1:2015, 3.2.7]

[kiE: 1SO 14644-1:2015,3.2.7]
3.4.7 uniformity of velocity Ji##%5I#

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

PR A GRS AT ) TEIR E R R E H A e
3.5 Terms related to electrostatic measurement S5l BH X RIE
3.5.1 discharge time 5 B8/ ]

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

Mg FRIE IR AR ERER (ERELRAR) 7o 8 i T o iE
3.5.2 offsetvoltage #MEHE

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

AR HNLSFHRE TEESSPNHE ERENE K
3.5.3 static-dissipative property & B ¥k 4

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

DAAE T ml e HLER A 1 2 i a5 3 T 9 i P o B 2 e T e el e (R R
3.5.4 surface voltage level i B EAK T

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

FRACERI S i A S Bl i A CERYBGLRT) e s KT

3.6 Terms related to measuring apparatus and measuring conditions 5l & {230l &
FHHRBIARE

3.6.1 aerosol generator “IFH &4 48

[Efrtndl 150 14644-3:2019(E) 5% 5 JHI 2 ST FabR 0 58 3 S o My 201908 0 11/77
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apparatus capable of generating particulate matter having appropriate size range (e.g. 0,05 pm to
2 pm) at a constant concentration, which can be produced by thermal, hydraulic, pneumatic, acoustic or
electrostatic means

eblm#h. i, 3. EEEES. SRS ERKEEE. RAaEEEY (Flin 0.05pm £
2um) IR S

3.6.2 aerosol photometer “SIFRE T

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

) P BT HICH 6 5 0 20 R L R e B (1 DG U 43
3.6.3 airflow capture hood with measuring device A &2

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

e A AR IE AR B A RAR, RED S g BIEEN &7 A RREr % E
3.6.4 LSAPC light scattering airborne particle counter Yt LBk 7483

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

AT LA AN A AT TSR E SR, R 2B AR EER RS
Note 1 to entry: The specifications for a particle counter are given in ISO 21501-4
1 RO AT bR AE 1S0 21501-4 BL.

[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.]

[KJ5: 1SO 14644-1:2015, 3.5.1, ET—MERAE “NE BHGEFR FHEEE" - 7 1 EHRA)
3.6.5 witness plate Rtk

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

HAfERTRAME, T B o 8 T 2 oA g B (105 & R 1 B3P
3.7 Terms related to occupancy states 5 8 REH XHRIE
3.7.1 as-built EF
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
R H Wi R E /X, ST E S EE A EiET, RREAEET'E. MEEAR
[SOURCE: ISO 14644-1:2015, 3.3.1]
[kis: 1SO 14644-1:2015,3.3.1]
3.7.2 atrest B

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

EEd s, WilFEFESE/X T, DBEFmA & IEERE P A iEnEm e irn s 1T,
{37 A AR

[SOURCE: ISO 14644-1:2015, 3.3.2]
[fiE: 1SO 14644-1:2015,3.3.2]
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3.7.3 Operational Zi%

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, Wl IR /X EAE LE MEEGELT, HBUSA AUE HOE M IE ARk i 77 30T
tE

[SOURCE: 1SO 14644-1:2015, 3.3.3]
[sciE: 1S0 14644-1:2015,3.3.3]

4  Testprocedures JIiXFEfF
4.1 Cleanroom tests ¥ 73 8] )
4.1.1 General &N

ISO 14644-1[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).

i E) f X R R IR B Ay 2RI, Ridk 1S014644-1 ERIAT. DERTEFRLCHFFERYE (B0
F1) .

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.

o A HE ARG TR T B R R AR P I T bt . AT VR A I F i 8 5 DL AR B8 0 b
Table 1 — Cleanliness attribute tests for cleanrooms and clean zones

R 1] /X i R A T

General description — ARk R gil; ameidin
Levels ufSL}rface cleanliness by particle R T VB S SO T 14 P 48 ) 1SO 14644-916]
concentration i

evels of 2l cleanliness by chemical AR LIS LS AP IS0 146448151
concentration

Levels of surface cleanliness by chemical -
s A ISP I R85 [1SO 14644-1007)
Monitoring air cleanliness by nanoscale 4 e e
s ro et i R K BRL T IR P I 2 S 1SO 14644-1218]

4.1.2 Supporting tests 3 FHENK

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

22 2 B3I T R TR v ] /X R A e W XA AT 3 R RE Y o5 LR
TN A2 WA B X EIFARR AT, IR AT REIF AN P AT 9 28 T 3 0 o 2R sl A A7 100 A .
AT H AR R 7 P S PN R P e e . Brdt BRI H AR AL Dy R 0 e 3 Y
—ibrE I EE . i A P T RIE R R DR A EE A . s B S TR k.

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

e B B o TR AR U . ] ) T R i DA R AR O R R
Table 2 — Supporting tests
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2 2— LN

Reference in ISO 14644-3 7E 1SO 14644-3 H&EF
Supporting tests & A 3 Principle Procedure Apparatus
JRE ok 28
Air pressure [ 22 004 4.2.1 B.1 Tt
difference test
Airflow test S 4.2.2 B.2 C.3
Airflow direction AL [ 0 4 ) 4,2.3 B.3 (o}
test and 1k,
visualization
Recovery test EPERIERY 424 B.4 Ca
Temperature test R FEE ), 4.2.5 B.5 C.6
Humidity test 5 )3, 42,6 B.6 C.7
Installed filter L2t ot 88 R ATl 4.2.7 B.Z c.8
system leakage test i3 il
Containment leak  [sF itk ik 038 4.2.8 B.8 C9
test
Electrostatic and ion |fff B f1 &5 1 & 4 2330 429 B9 C10
penerator tests it
Particle deposition  [¥i17 I, 42.10 B.10 C11
test?
Segregation test [ e i, 4211 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.
G Sl R A T 0 S I A M e R LA S R, B R P S R R 2 )
i R ML LI -
==~ TE {5 {5 (] 30 25 1 fr 0 g o m =65 A T 1 T e ) s

4.2 Principle &N
4.2.1 Air pressure difference test K=&

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.

FE ZE 4600 F) B 2 B0 iE it 15 =500 R 2R S 4 R L il 5 3L A B A B e M o TR 25 I RE 7. R A B A v
TSV 3 AR B R R . 3 S S B At R R 0 1 Be W R HE TS BT ) . T ZE R A AT i BR
. B.1.

422 Airflow test SR

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.

A I ] N B [ A R e ] X R R . FE LR, 3 R W] R A A
ORI B, i 0 A AN U S . B RO O BE T A T Rk R B R
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(B SEED - EEARBREST, —BATENER SHE, FA - BATERESS . X
FitEo P EENERE, AT R ZE SR/ X ARS R ARSI ED o SRR TS
L B.2.

4.2.3 Airflow direction test and visualization = Jfii 75 [a) #1371 B 3 3,

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.

?{‘iiﬂ'lliﬁﬁ’lﬁE’J;:shl'“ﬁﬁ%ﬁ?‘iﬁ&%ﬁﬁﬁ"‘.l PEFFE it Mk RE bR e . AT MR AERE TN, LARRE
R R, PTERH L PR R ER Zh A T EE AN, W75 B.3.

4.2.4 Recovery test [ ¥ [a]

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

B SR o T e i =/ XEEN 2B T8 rkE 2 5, 5 R[] ik E 215
ERFRAMEE S . RRRASAZVNERATIH . S50 B4, RMEH T AT SER, R
B R E X AR B TS e RS .

4.2.5 Temperature test i& &l

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 F A A 56 E 2 W X sk N 23 R RE K P2 28 7 4 T R TR B A 77 S Pl PR A . ks v L
B.5.

4.2.6 Humidity test 3§ i

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.

AR B AR IIESZ N X ) IR (RN RS B B EE S0 AR AE R 48 s I A ] B
IR . Mil7ri%E N B.6

4.2.7 Installed filter system leakage tests B & 3511 J8 28 R 4t IR )

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

AT N & LIRS 1 2 R AT IRIERN, LIERAFERE GLigdsrAEEER B,
Fet i, LAAGTEERAHEMIR) MBI 20 RO AR e RAF . XIS A & RFE IR
SRR A2 IXREREAT A AEL IS b U] 5 AR T, FFERL AR U L d . LS
AT, BUE R IR RS R iR A BT,

4.2.8 Containmentleak test 3P4 3 9l

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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A&fﬂlmnjjrﬁmm“*ﬁ,kumhﬁ’]? UG iR Ia) /X A @ Bk . #E48 . TT48A0E IR TE
MR A a] /X . AN WL B.8.

4.2.9 Electrostatic and ion generator tests & BB T & 4 331K

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.

Xk & VYR ERE s . PR ER RO, DA RAERE T =/ X AT R e i) B4
MBS A (RIS ) BIrERE. oAb S £ R TR A/ R maie ik, Mg, T
{EE T A E RS . E AR B S PR AEMEMR R e . TR
B.9.

4.2.10 Particle deposition test L7 [l i

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,

AT S A W 35 1 () PN AE B s S TR B N A S B = AN R B AR e B E ARG A
J1iE 0 B.10.
4.2.11 Segregation test & 25 £

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 givenin B.11.

J&Iblfﬁ"]lﬁﬁ'ﬂ_ﬂ:’fﬁihﬁ Ut T B A 2 . R R 1 Bk A — R B A X I, 7 B W ) 53—
ORI DR R . SRR WL B,
5 Test reports &R &

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

BRI A Y &5 SR R AR R S b, R S MR LR R

a) the name and address of the testing organization, and the date on which the test was performed;
WAL ) 2 FRAT R, PSS AT R I A H 3,

b) areference to this document (IS0 14644-3:2019);
Z# 3 F [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 R AT R/ XA E [ERLER G AT XY . 50EErE O A B A bR B AR
b=

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);

Al /X R SE B ik, LS IS0 gl #HSE S RIS, LRI B AT

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;

PRI v p v ], BRI SR SC AR R AR O el e S R I R A, S W IRA
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L e TRE Y8 LK okl VE R E

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

WAL R, LRI B AR A EFT LR BER ISR S MO, AR T 750 TR b 2R
0]

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

P SR IR 3 B 23000 52 A RO E 20K .
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A.1 General BN

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

LT 7 it (8] f X B 524 (X I e A 00 i e B g 5 1) /s

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.

il

Annex A i3 A
(informative [\t Z75)

Choice of supporting tests and checklist

SRR R R R AR

A.2 Testchecklist JU K &EiFEHE
Table A.1 provides a checklist of tests and apparatus.
R AL IR AR A .
Table A.1 — Checklist of supporting tests
T A1 A R

T H AR R 2 P S R e, DR AR R AT AT O, F BANR R R 2R e

Selection of test Selection of
procedure and Test procedure Rt rocEdnTe test Test apparatus Apparatus | oo ents
= reference B reference
Sequence apparatus
eI 7 A B S | R ERE Rl (% 25 2
Electronic micro- C.2.2
manometer e
Alr pressure =
- — B.1 Inclined manometer Co2.3
Mechanical differential Co.4
pressure gauge T
LT fU R 1 C22
Kz B.1 HiF U B i C.2.3
PR 2 % C.2.4
Airflow B.2 &3
ati B.2 C.3
Uniformity of Thermal anemometer (BT
velocity within the Three-dimensional
cleanroom or clean ultrasonic anemometer, or] C.3.1.2
E-'é ';,2 H
zone (for equivalent
unidirectional Vane-type anemometer | C.3.1.3
airflow) Tube array G315
A A e A |
R ) £ 1P R ) MR R C3.1.2
St (D B b A T C3.1.3
FIE €315
. Thermal anemometer BT |
Spply s o Three-dimensional
velocity (for .
Gtidirectinnal B.2.2.3 ultrasonic anemometer, or| C.3.1.2
airflow) equivalent
Vane-type anemometer G313
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Selection of test Selection of
procedure and Test procedure Reit pincedure test Test apparatus Apparatus | oo ents
e reference apparatusb reference
I 75 i A B S | R Rl {782
e I i B e o {28 B i &
Tube array [ L)
s X AL e |
B AR R () — #ff i P IR C3.1.2
%) — AR i C3.13
HE G315
Supply air volume Thermal anemometer C3.1.1
flow rate measured Three-dimensional
by filter face ultrasonic anemometer, or] C.3.1.2
vjélncity (for Bz2a equivalent
unidirectional Vane-type anemometer | C.3.1.3
airflow) Tube array C3.15
St 5 2 A AmA RS | Gill
S R B22.4 _?&ﬂmxb%{x c3.1.2
<$|‘Lﬂiﬁ) 3 AL C.3.1.3
SR C3.L5
Supply air volume Orifice meter €323
flow rate in air Venturi meter C.3.24
c.iu.cts [fc-r B225 Pitot-static tubes and C314
unidirectional manometer e
airflow) Thermal anemometer 4 |
fLBR & T C.3.2.3
JAE o i U S B225 R R 3.2.4
L) i ERESE it C3.1.4
Ffe X AL i e |
Supply air volume
flow rate measured ; g
ot et Gornon| 8242 ol adudo ol
unidirectional
airflow installation)
ﬂ”ﬁmﬁﬁ’émﬂ B.2.3.2 R g
Supply air volume Thermal anemometer c31.1
flow rate calculated Three-dimensional
from filter B.233 ultrasonic anemometer, or] C3.1.2
face velocity (for equivalent
non-unidirectional
airflow i) Vane-type anemometer L
ML IE 25 3R 1 KU R AR o B By
Rk EMRGE B.2.3.3 — M P C3.1.2
JE3 A ARGE T C3.1.3
Supply air volume Orifice meter £3.23
flow rate in air Venturi meter cC324
ducts (for non- B.2.3.4 Pitot-static tubes and ;
unidir(ectiunal manometer Cilt
airflow) Thermal anemometer C.3:1.1
FLAR i i c3.23
SR Hh iR RN v WERRET C3.24
i - FEitE S5k it C3.1.4
T A 5 B 4
Airflow direction B.3 Tracers Cc4.4.1
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Selection of test Selection of
procedure and Test procedure Reit pincedure test Test apparatus Apparatus | oo ents
e reference apparatusb reference
I 75 i A B S | R Rl {782
e I i B e o {28 B i &
and visualization Thermal anemometer C4.2
Three-dimensional
ultrasonic anemometer, or] C.4.3
equivalent
Aerosol generator c4.4
Ultrasonic nebulizer C44.2
Fog generator C443
B C.4.4.1
A T c4.2
= e AT, BSE ] 43
ST A FRT AL B3 i
SRR £ 34 C4.4
P A C4.4.2
8k C4.4.3
Light-scattering
airborne-particle C.5.1
counter (LSAPC
Aerosol generator G52
Recovery lha Aerosol source substances| C.5.3
Dllutm.n system, C5.4
equipment
Thermometer C.6
FEHUH B R T i g
(LSAPC) Lol
3 15 o M
o BA B a2
S IR R C5.3
Wl Raild & C.5.4
iﬁlﬁ L| C.6
Expansion Thermometer | C.6a)
Temperature B.5 Electrical Thermometer C.6b)
Thermomanometers C.6¢)
Rzl iR R i C.6a)
i FE B.5 1 iR P C.6b)
WE St C60)
Dewpoint hygrometer C.7 a)
Humidity B.6 Elec‘trlf:a] conductivity C7h)
variation hygrometer
e | b Bak | 7
LS i C.7b)
Installed filter B7 c8
system leakape
o i 5y ey S :
=S é’&% gﬁ%ﬁ 4 B7 c8
Installed filter Aerosol photometer o
system leakage B72 Aerosol generator c83
scan test with an SiRe Testaerosol source
aerosol photometer substances 84
TR SIE G S BGLEE T C8.1
PATH OB IE B7.2 SRR AR c8.3
2 7 G0 it s A M SR R IR C8.4
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Selection of test Selection of
procedure and Test procedure Reit pincedure test Test apparatus Apparatus | oo ents
e reference apparatusb reference
I 75 i A B S | R Rl {782
e I i B e o {28 B i &
i
Light-scattering airborne-
pgrticle cmmtgr (LSAPC) Gl
Installed filter sys- Aerosol generator Cc.83
tem leakage scan B7.3 Test aerosol source
test with a LSAPC substances GAlg
Di]utiu.n system, C85
equipment
JeAT % SRR
KA LSAPC $h AT #% (LSAPC)
O et i R B713 SIFBOR 28 C83
&4 it i 4 0 S TR IR I C.8.4
MRS W& C.8.5
Aerosol photometer ch.1
Light-scattering airborne- C8.2
particle counter (LSAPC) S
Overall leak test of e
filters mounted in Aerosol generator 8.3
ducts or air- B7.4 Test aerosol source C8.4
handling units substances o
Dilution system,
equipment (LSAPC C.8.5
method only)
S BOLRT C8.1
JERUR S RF R C8.2
O R 3R TE MBS %% (LSAPC) bt
SAEFE R ITA L B74 IR A C.8.3
JE R B A i i 0 4t Wit U R IR C8.4
WfERgtit® (L LSAPC
i) o
Containment leak B.8 c9
PRI Kl B, 4
Light-scattering airborne- co1
—— particle counter (LSAPC) o
: e acd erllng Aerosol generator Cco.2
airborne-particle
counter (LSAPC) B.8.2.1 Test aerosol source co3
nechicd substances
Dllutm.n system, €94
equipment
FERUH SRR TR o1
FEHUR = S SIF R #% (LSAPC) s
Tit %% (LSAPC) | B8.2.1 RO A3 C9.2
ik Wit U R IR I C9.3
Ml R & C9.4
Aerosol generator C.9.2
Aerosol photometer B.8.2.2 Test aen_:usn] source €93
method substances
Aerosol photometer C.9.5
SR A 9.2
IEROLET 73 | B8.2.2 Wi R R IR IR €93
IR BT C9.5
Electrostatic and B9 c.10
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Selection of test Selection of
procedure and Test procedure Reit pincedure test Test apparatus Apparatus | oo ents
e reference apparatusb reference
I 77 AR BT %2 | AR R {x 2% 2
i ki BEA% | # i BaEK | *0
ion generator
WA B T R RS B9 €10
Electrostatic voltmeter 101
R High resistance ohm-
Electrostatic Bo21 S C.10.2
Charged plate monitor C.10.3
i L L T C.10.1
i B9.2.1 iy FL L D 0 32 €.10.2
7 FRLA 4 €.10.3
Electrostatic voltmeter C.10.1
High resistance ohm-
lon generator B.9.2.2 vl C.10.2
Charged plate monitor C.10.3
i L FEL T 10.1
BT REH B.9.2.32 7y P L D 0 32 €.10.2
7 FRLAS I 4 €.10.3
Witness plate material Cl11
Wafer surface scanner C11.2
Partlc;])}elcliiggitt:frusul C113
Particle d iti B.10
AR TR pPaTiat T Surface particle counter | C.11.4
Particle deposition meter| C.11.5
Optlcalpartlc!e deposition C116
monitor G
ARt 1Ll
o [ T A H C11.2
o AT HR S ERE T C113
i F TR B.10 ————
Y e BT C1L4
BT UL A C11.5
2R UTRE 0 3% Cll6
Light-scattering airborne-
particle counter (LSAPC) L1l
Aerosol generator [
Segregation test B.11 Test aerosol source
substances Ll2s
Dilution system, 012
equipment
VU SR T i 25
(LSAPC) Glal
i P A B.11 SRR €122
G ] = TR TR A I C12.3
ik RGt il & 124

2 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.

FE55 1 e, S 3w AR o G e 3 BT i i ) 77 R AT o
TES 4 Feb, Tl 3 T AR AR B R A 0 s R A AR

A.3 Planning for testing and verification 3 XM AFZ%E
As a minimum, testing should be carried out:

% /b REPE LA I TR 0
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a) inconnection with classification according to 150 14644-1;
5 15014644-1 AT 73 20 <
b) atverification during start-up;
fE R s R A
¢) atverification after failures have been identified and rectified;
R EBOHEIEZ G E S
d) atverification after modification;
M G AT
e) during periodic testing.
7E 2 I AR

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.

TS AT PRURS: PPk AR 5 s B . IO . A AR RS T #A LA Gaamy) s
i FEN A i e H
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Annex B 3% B
(informative [\t Z75)

Supporting test methods 32 #HEMA J57%

B.1  Air pressure difference test &% Jili#
B.1.1 General #id

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.['8] 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 14644-212],

A P A 7 S W ALt 8 0% 6 5 L I B0 ), B PR A I 09 /X 2 3 i e 2
(e . HIERER T =Fh s m b RRE, TRATER 15014644-2 H# BEME MM 0 — #5247
5E S

B.1.2 Procedure for air pressure difference test [E il 77 1%

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

ERUETT G S A 7] B (A1 2l b 8] 5 A B (X sk 1) s 22 2 R B A B R J0H -

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

—  RHUSE B le) . 1) R 2 fE AN F 52 S

— supply air volume and balancing of the air handling unit supplies are within specifications;
— AR A S AR B TR KT FE R E AR

— 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;

— A AT RER N b A2 A R AR B AT, W, ARBAE SR RS AT K A) AT ORARR K A BT
¥

— the air handling system has been operated and the conditions have heen stabilized;

— FRAFRFGCET, HEfrRoikE

— extraction systems should be operating as agreed and specified.

— HARGE P e e sk FHEAT

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

oz B A A 57 i i ) f DX AN AR S8 B 1) [R5

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

HoF e B3 5 AR it 9 ) 0 A ST S 3 09 ) 2 ) ) M 22 0
To avoid possible erroneous readings, the following should be considered:
HBE R T RERNE R, REE B LU
a) installation of permanent measuring points;
K AN B R ) e de
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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;

P E/ X AR ZEARAERGRIA RO, BIRE, HESEE . TR R RO K i, X
b [ 0] 5 5 A 0 1) R R )

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

WA R EZAR T Ve (e, S B S AT AL T VA B A b5 (8] 18] B <R T )
B.1.3 Apparatus for air pressure difference test [ 2 MliA{¢ 3§

Apparatus descriptions and measurement specifications are provided in C.2. An electronic
micromanometer, inclined manometer, or mechanical differential pressure gauge can be used. The
apparatus should have a valid calibration certificate.

{e AR A BTG N, C2. AIMEM B TRURTH. BVE R el s 2. (BN A & 20k e 1iE
_T?U

B.1.4 Testreports MiAR &

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

WEE P SN M PhE, FiLE 5 KrEidF Ll E B MmEdE.

a) type of tests and measurements, and measuring conditions;
DK 28 BB B DL R U B R

b) type designations of each measuring apparatus and apparatus used and its calibration status;
BRI BRI BT R P A28 B P2 2 B Hh s IR

c) cleanliness classes of the rooms considered;
JIT 25 R84 J75 8] fA 77 1 0 )

d) measuring point locations, when required the reference point location;
WS i g, DENGHZHGME

€) occupancy state(s).
5 PR

B.2 Airflow test S Hi#lliR

B.2.1 General fifit

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.

AR ) FI R0 B35 5 4 X A 6 SR S P B SRR o O ) 0 5 R 0 X A 000 B SR
ST A B O S 4 X 00T SRR o 02 R A 5 1 (0 6] 4 305 0 4 7
PO . R SR A 20 B 300 T R IR, SRR MUl . R TR T o i ek
K1 BN X B 2 B R . PR 5 AR AT, BVRT - R 4% A i — B
LI
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When measuring airflow velocity, the following conditions should be considered carefully:

TR KGR, AT 05 RS LA 2% A

a) probe direction should be chosen appropriately under the consideration on the airflow velocity;
SERAR KTy 17 I 25 R R

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

Jo7 A 78 43 I Ta) B AT I DA 3R A9 ) B S5 A B, e T B R AL
B.2.2 Procedure for unidirectional airflow testing & ] Jit % i AW 5 v
B.2.2.1 General i

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 areal?®l,

A FH B [ A B4 D R0 S PR e G T S B R . AT DA ST % ik AT D 8 2 T Y oy L R £ S Y
ERGE., FiEENEN SERTRAE AN EHEE,. KRR i HESFmNE S O .
B.2.2.2 Supply airflow velocity 3% XU B

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

I8 1% 15 #H I i 2% 2 a1 &R I 29 150 mm ~ 300 mm [§947 5 &5 RUOE .

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):
WE A i) B BERAREERGR T ER S, B E . T2 rfrE Rk
R ot BRI AR B tHE s DWE S (g ¥ H:

Where H.

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

N Afs/bilE 8l 7§86, N RiF R229 B850
A is the measured area in m2.
A NPT, AL m?

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

AR R, FEFE, WFERE T 2K B.2 i

Vo= (ZVa) /N (B.2)
Where .
v, is the average velocity in m/s;
AT ERERE, A7 m/s
Yv, is the sum of all the measured velocities (V) in m/s;
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NPT TRGE [V.] 28, B4 m/s

V, is the measured velocity at each of the grid cell centres in m/s;
REA TR L PR R RE, B m/s
N is the number of locations at which the velocities (V,,) were measured.

i fiuE (V. frErEH
At least one point should be measured for each filter outlet or fan-filter unit.
AN LA O B FFU 208 — Ml E .

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

G SR AT AR M B A T B.2.2.4 I REE B B.2.2.3 MRS I, MmN E s (O
frRo0) RIEH SR irit.

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.

GOARTHAREE DN, AT REA BN EL /1 O30 MECE LR m A AN T35 DGR il Bt -

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 m A R 2 LA Cr ot BT FE B 10 2 A B P R FY I )2 4

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.

1 USRS T P PR P, AT B A TR A ) S 22 5 S B AR 2 . I SRR AR &
R R AR A, S & TSR ez R .

NOTEZ  Atemporary barrier can be used to exclude disturbances to the unidirectional airflow.
i AR I R B B R R A
B.2.2.3 Uniformity of velocity within the cleanroom or clean zone &% 2 /[X P3 KU 5 i

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

AT 4% B.2.2.2 Wi P S, SRR S PR R X 24 5E 7 At

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

e WAR O LR BN TS, WA SR A B R R s .

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.

F T B 2 S AR R 22 CERUEE R SE 22 ) A MO I el 2 P 5 PRt 7R R 2405

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

Bt fi 22 A0 7 S0 SR A IR e R 3 514 Uy, RA AU B3 iHRERE:
Uy=[1-(c/V)]x100  (B3)

Where

o is the standard deviation; Jyt5ifE {22

V, is the average velocity. 4133 XUl
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The maximum deviation of velocity, D,,.,, is calculated with Formula (B.4):
PGHE 85t KA 22 Diyay K H 230 B4 158K

Dinax = [(Va= V) / Vo] x 100 (B4)
Where $.
SmaxiS the maximum deviation in %; M W%E, H17%
V, is the average velocity; v 14 KUid £
V; isthe reading with most variance from the average. 3 5V #{H i} %

B.2.2.4 Supply air volume flow rate calculated from the velocity measurement & F Fi#E i+ 5% A,
&

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):

fEH % B.2.2.2 MEFEHRAELE R, KHAKBS i AERE:

Q=2(VaxAJ)  (B5)
Where H
A, isthe cell area which is defined as the free area of the media divided by the number of measuring
points (grid cells) in m?; Jy5E 3y i B AR R G R ARBR LA 2 Orfs8on) #H, 847 m2
Q is the total air volume flow rate in m3/s; & K&, H.{7 m3/s

V. is the airflow velocity at each cell centre in m/s; f~ LT AL [ KGERE, #6 m/s
Y. is the summation for all cells. T4 5701 &L 1

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.

e M RCR A B O AER R, W AT RESZ B2 AR AR, SRR D Ak
MBS CFiesn) Makde. Bl a8 i e & LLEFF O e it 5.

B.2.2.5 Supply air volume flow rate calculated from velocity measurement in air ducts ¥ A&
RogitHixRE

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

Venturi meters, pitot static tubes and anemometers.

RV T I VB A] AR LA Bevt . S0 B B R0 G S5 R B &

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

volume flow rate by pitot static tubes may be determined by the procedure as typically described in
ISO 5167-5[24],

f ) R R I A TR T B A T (GBI a0 AR RS AT 0, D A R e f )
R 20 R AR A S R & TT) |, SRIGE R R O bl B RGERE . RS R HIT) B
WHBFE, SHMESE. NEHYS B2.2.4 vhArlE b F k3t ME AT . oS 2 Bl R R
=] F 150 5167-5 Tk i — M iR T RN E R E .

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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e TEM AR, I R s R i R S W R R BT E R
B.2.3 Procedure for non-unidirectional airflow test JE 8 [ 7 ¥ e B A3 5 i
B.2.3.1 General fifid

In some cases, measurement of supply airflow velocity from individual outlets is necessary to determine
the air volume flow rate from each outletl8].

LRSI, FR B A L RO R R A, DL 532 PR T A AR
B.2.3.2 Supply air volume flow rate measured using a capture hood K & B iEilli% X &

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.

T3 AU O RS B D0 B AT S 7 A A N, R R ] AU R A i M e 1 8% i AL
AR . ATRARIBCA TRk ag KR, B A KRR R XU 3 LA i AR . B R AG [
for B R % AE e £ dn (L iE A8 i 4%, JERIMALZSEA M FEMEE L, BEFEF R EA
WA EE QR A AU 520 B 5 A 24 i 1o B A8 B IR A% (1 AR, 0 27 IR 3 1 HE DX L
& .

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.

PR B A HE I BE AT REATOGAE,  DAUE WL A T30 & 0 22 U D R R mT 73 o 45 R . SR SR
HEf, AORMELER . RIEHEF5REG R, KRBT RAEES R, RKETREPRENERS
b DRI F {2

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.

R U A i ] Homias, RUE S n] F T IO a8 1 i AL
B.2.3.3 Supply air volume flow rate calculated by velocity measurement F R i+ HiZ A 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.

QR BCA TR, T DR A i B A5 T PR 0 RO TR IR RUE . KGR R ELH DESIE (%)
(VB SAC I 52 328 AR o VO] P 6 49 o BT R 8 ) LB B 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.

T I A H AR RGE TR, AR Z I B.2.2.2 fil 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.

GnAR TG o AR E S Ot fion) el BER R A e F 2 AGE .

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.

FR AT FArFRER, HAERETTRZIZAFERZWE, mSOESrEsE. NEErEsE. W

w7 Hon) $H . 2 i8R fRE B LRI iU o i AR TH L. FEPUAT IS W RN B8 R

AT A AL

B.2.3.4 Supply air volume flow rate calculated by velocity measurement in air ducts 3 A&+
ROGEE XX E

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

R s B RCR A B.2.2.5 BT RLGE AR R sk AT 15

B.2.4 Apparatus for airflow tests il {%

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

(AR I S IR AR RS I C.3. UGB i o] T P e WG L« ARG T oy R T e fEL Y
{45 .

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.

MENErEHASGRETT. CERRET. ELiRERE ., FEERESIAE /i s SR 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.

JHEAT A3 T e o i T 1 (38 I AN 52 J B 1S o) O FE R B 2. BT, Rl e b TR
wia] LUE R A RE T . 5ioh, WHAA R R B D, el AR M R g e ahiiHE N
e “SPET R,

The apparatus chosen should have a valid calibration certificate.
P 0 B AR B B4 A R B IEE .
B.2.5 Testreports #llif#f &

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

Wiz SO Z M, MR S FATEICR UL T EEMEEE:
a) type of tests and measurements, and measuring conditions;
A 5 AR AT
b) type designations of each measuring apparatus used and its calibration status;
IR LIRS R IER I
c¢) measuring locations and the distance from the filter face;
0B A0 3 90 B8 R T ) BE
d) occupancy state(s);
1 RS

e) result of measurement;
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Il
f) other data relevant for measurement.

HeHiEf xnmEdE
B.3  Airflow direction test and visualization i /7 7 3 A1 7] #L4k
B.3.1 General #i2

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.

ST R AR A H AR RN SRDT R R S S v AR RE SR E R AT

NOTE1  Computational Fluid Dynamics (CFD) used as a predictive or analytical tool is not considered in this
document.

i 1 R AFEER T EILHES Y (CFD) fERTE s TR.

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 AR BRI L T RE B AR BR R A e 1 A RE s ORI A LS T e, 2k ) A
B.3.2 Methods ik
The airflow direction test and visualization can be performed by the following four methods:
Tk 4 Ry ST R AT R
a) tracer thread method;
b) tracer injection method;
ARERAENIE
c) airflow visualization method by image processing techniques;
R Bl B AL R AR (9 S i B T ALy i
d) airflow visualization method by the measurement of velocity distribution.
A FH 3 S A R 2 ) SR T T R ik
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.

H a)fl b)idi, sEBr bR A AR ER SRR R B BUACRE S 1 3 Bk P RO SR T AL, SRAE R E 0
FBHUCF T OB . R ERE sURER WO AN BB i A, I AE B b PR Bl ORI ) . AT iR 7R T
{7 R B R SR L IR S H e AR .

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.

ik QR T EAEIF P A TREE R 7, ERATEVRER T E &R AR

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

Rz S AR T & b AR

NOTE1  The airflow is affected by other parameters such as air pressure difference, air velocity, and
temperature.
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E 1 SRR ESENEZE . woERER e 0 .

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.

FE 20 38 2 0 ST R A AR R fp AT b PP it A [ 55 1 R / DXORN 524 DX I ) IR 4 A R . (R 5 iR AT
FH T 5 g X

B.3.3 Procedures for airflow direction test and visualization S 75 [ 330 7] #4k 75 33
B.3.3.1 Tracer thread method ;REF£EE:

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.

A MR BRI L . AR AR ST . AR BRI B YT Rk
IR 2 K M2 S s T L LB B SRR e RO TR SR o 5 R B B B
TG T BB PR

B.3.3.2 Tracer injection method REFFIFENIE

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.

2k 0 2 A o 0 R 5 PRE A R R SRS R L 1 R A AT 00 8 ) F B Bk SRR . 2 BRI it 1

i E B A SR T R SRR B . nTRU RE K (DD K, Wi B S92 A ) S F / 1E
ESEA R E SRR R T . B S MO, DRSS R

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.

IRV AR, EEEEMRRRE. AN RS B ERROR ARSI ok, {H ORI K i

AR A A E N, O O S

B.3.3.3 Airflow visualization method by image processing techniques i B A B HE AR BT AT
ik

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

H B.3.3.2 M7 iER DR A RHENLEL i ERRF BB BT R R b B S, B a] Y DCIRON — 4B U R oK
BRI TR ELSFE . 2B AT AR A & S8 O mEeFEAL. BBOERIESER E T L
BEE R EMIHHE,

B.3.3.4 Evaluation of airflow distribution by measurement of velocity distributions i Jil & %

B AT H AT R

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.

T LLLE B A 3 o B P A LA B A S B KGR O, ik RGE o s KGEEE, BAI
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SRR A3 AT o XH I A B AT b, S RTE RL  A B
B.3.4 Apparatus used for airflow direction test and visualization .3 75 [ 4 Il #7177 4L
e
The apparatus used for the airflow direction test and visualization is different for each test method.
ERIRGE I 5 3240 R R A9 L7 A A T RS
The apparatus suitable for each test method is given in C.4, Table B.1 and B.2.
C4, F B.1 Ml B.2 higth 7 AR 7 ik a0 i AR -
Table B.1 — Materials or particles used in tracer thread or injection methods

F B.2— R ERRBURERYIEENE BT A YR BORE T

Item #4#} Description fiit
Material used in the tracer thread Silk thread, cloth, etc.
method
A R T BT A R Lk, EE
Particulate method used in the tracer DI water or other fluid mist of 0,5 pm to 50 pm in diameter.
injection method Bubbles of neutral density in the air at the measuring
location. Organic or inorganic test fog.
T B A i Y B R DI /KaiH = HAEN 0.5-50pum BHEAREY . 2S5 PiEAr

B b PR R A HLECENLR RS .

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
wvisualization procedures.

iR AT LML BB R BT A B MR (S AT TR P BT S R, iR AL, B
wH e B [ B A P T e A B R I A B

NOTE After flow visualization, it is generally necessary to re-clean the cleanroom or clean zone.
B ERRTAZ G, 8 T S R .
Table B.2 — Illumination light sources for airflow visualization

R B.2— 3 AT PRAL R BA Sl

Item #1¥} Description i

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.

A A IR DGR T L B R PReree2e ], 980RtT. maRIT. /KIRAT. BORITE C&-5.
AT YAG BOGSE) . BE ARSNGB SidRX

[ 4 f) e B
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.
ST A AT A B P E R PO, B RO YR (Gok YAG Wot) LAk, JeH
HH A (R e AP g b il 1 7 PR 7.0 gt g ) WL\ 0

B.3.5 Testreports JllifIR &

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

WRiEE S SR m P E, REEEH 5 FATRICREL M E S AEEE:
a) type of tests, method of visualization and test conditions;

WA, AR T iR AN i R
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b) type designations of each measuring apparatus used and its calibration status;
Fit F 0 A3 2 A R 55 B HL R IR
¢) visualization point locations;

g A=toA |

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;

EHR RO B 7 A Eh (g ZReD) MBS EiERaRd Ee e EE, s&E~
iR R i
e) aplan ofthe exact location of all apparatus should accompany the flow visualization report;
i AT AL A TR T Iz B B B s i U0 A T i ]
f) occupancy state(s).
i AR
B4  Recoverytest Bl
B.4.1 General #id

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

AT 2 F B s R R R PR BRI T I RE . WRARTERL T R A 0 2 e e ST % FE Y
REARBEER . AWRANEUH TR, FARFHEREETIFRRBRENT R
RUEE IR, 7B (R B T th 22 R ELRA AR B0 AR TS 1R B B IR R B 2 R0
Ay PR niE KRR IR SR LA R BRI . B IElal fEH] LSAPC BUUIRBOLRE tHi#tfT. R
A NS, IR 8 3ok 1 6] 71X PA) B B e ) IR

B.4.2 Cleanliness recovery performance &5 /% H {588

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

H A PEAER A 100:1 B 10:1 [ B #5 FTE)RI/ Bleis 33 20 50 PR FE SR VPl . 100:1 B 10:1 F 4B ) 5 L
AR PR E 100 772 — (B 10 702 —) Bl v FEp R RE 58 SO i FE Bt R ()
ARLAOTHIE . A (R oA 0 P S i 2 e 0% TR0 L LR W Tt SR . 0 8 I A% 1 K ] 6 o A s
17, BRI IR 8RR, B8 A (bR BRI ER LI, faAe bR BRI )
{ER&MZE) U EER L. A5, kAR &S R S, SRR 52T
.
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The purpose of the recovery time test is to evaluate an actual time interval for the concentration
to reach target cleanliness level after the particle concentration in the cleanroom or clean zone has
temporarily become higher due to planned maintenance shutdown, or unplanned plant failure. The
purpose of evaluation by recovery rate is to establish the local ability to recover the cleanliness after
the particle concentration around the measuring point has temporarily become higher. The slope of
decreasing curve on a semi-log chart indicates this local ability.

EL I AT B B2 R B R g R e, st Ria T M fs, i3 = /X R P e
it 5 JE 1A R H bRid i BEACE IR B SR o 38ty 15 B 0 B R AT VA B B B T AR s b
B B I 2 S AL R BB 0 A S S 4 O BRI B HSE)
The 100:1 test is not recommended for ISO Classes 8 and 9.

AN 1SO 58 8 A1 9 % X 4Rt 4T 100:1 Wit

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.

i WREE R AR MR R, G0 I SR R AR S R I SRR R R SR S R E
PLE RS L, T DLAR 8 il R R G SR LS v e U OR

B.4.3 Procedure for recovery test H i i
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.

4 LSAPC L B A T/EMMmE S 8 (T afscii EEtmREBTAIE) & AR
MEEF SN A REEE. EFEAREICRE RN B F AR NE S (B InE#E TUR S AL K )
AR

B.4.3.2 Test method Jllif /%

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:

R O A 2 SRR IR R B BR 2, DUR LSAPC Jtikiggt. 7EMNAZ AT, THRT B3l

PR . %A R LSAPC MRSV, WESRAR FES, XMmERAMERS. Wl

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

AR A 7 O B AT OO LEAE P R T T s

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

AR A B R ELAR RN T 1um, Y LSAPC B ARS8 38 55 S0 dpe A FE B A o 1o

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

£ AHU & 17 WA TR 0 s e s B0 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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SR BVIHARL T A 5 H BRI HOKCP 10 10 558 100 5D L (204 D
e)] commence measurements at not more than 1 min intervals and record time and concentration.
PAASER L 1 43+ %) 6F i) (6] B 2k 47 I B, (SRR [) R FE

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.

R T R B R S R E A, B0 RT A 258 S M RO R BRI e, B0y HER,
LA TR SR DT 6 75 49 ) 5 0 T i o 5 55 A

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 ata point on the decay graph where the decay is exponential.

£ AR KT AT LR B TR EAKCE, IR AR 1SO 14644-1 £ R il ik S BT 5 A HE i3 K
BB SE B FE R AT, EREE 12K T E R S O e T £ b ) — >

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

e BEMN, RASRMEAEATENITERAEN RS, ENRA T, 7205 R BAERRE NGRS
CGBHER) , BREITTERES.

B.4.3.3 Evaluation by 10:1 or 100:1 recovery time #% 10:1 Ef 100:1 B #8347
Evaluation procedure: {4 77 iZ:

a) note the time when the particle concentration reaches the 10x or 100x target concentration
threshold (&, or t1gon):

ICRBFIRIZIES] 10 520 100 15 HARAREZ BIE RN E) (tyo, 2R t1g0,)
b) note the time when the particle concentration reaches the target cleanliness level, t,;
LR IR BEIA B B bRidi i BEACE R ) (e,
c) the 10:1 recovery time is represented by &y ; = (£, = t19,);
T8 10:1 BB AR 64 = (¢, - tign)
d) the 100:1 recovery time is represented by ¢, o1 = (£, = t1pgn)-
THE 100:1 B4 01 = (&, - tr00n)
B.4.3.4 Evaluation by recovery rate B %% & ¥{d

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

79+ 1 e FT MCRET-H BE T i £R RO R R R T -

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;

LRI R A AR . BURERS (AR AT RENE, (EHURE R AL THECR AT . R[]
(1] 3 1 J ]

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

W TP IR MR 2P0 BOBARAT AR GHREE R B BE AR, I 1) Ay 2k 2 FERS AR )

c) decide higher and lower concentration limits as to the decreasing curve measured is accepted as almost
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straight line;
1 52 S 2R ) LT EL RV B N e R FE 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):
PR e A= REL N =R (A el 21 TR i e = AT S A @ =l I LE O e = e S 57 G /N
3 B.6 1M

1, [t
0g| —
t1-t0 | C,

r=-23x
[B.6]
Where
C, isthe higher concentration at ty; I [] &, [
C, isthe lower concentration at t;. JNRJ[A] t; FAGIARE
R is the cleanliness recovery rate; i % /4 [ i &
t; -ty is the time between measured concentration crosses Cy and Cy; AFTIHEE Cy Fl €, I (0] 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.

e W E A B SCER G Bl MHUR vl LR A B S i ) R B R R . SR ) P ORISR
2 b 8] B P I AR i 58 i, s F (R0 B4 B Pl B 5 i v (B 3 U L R AR R A . [, Sl RO
] iE i A% s Y B R i v (R R S R AR A

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.

AR EE ) BRI alE, A7 B B XA B e R R 2 e B, IX 2 S B0 R
RN MEEFEBSMEER RS, R EAREFRNEEZL, HFHFTESE
e R BORA . IR ERE B G 2 B R E R

B.4.4 Apparatus for recovery test B /##ll{ (Y 3%

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

AT T B

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

— AIERRARMAN T AR SER, BA C5 Bkt Rkt

— light-scattering airborne-particle counter (LSAPC), which has the efficiency described in C.8;
— SEHU R BEFER T (LSAPC) , HAMFENFFE C.8 Bk

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

— C54 RS (LER)D
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— thermometer.

— WA

NOTE A recovery test can also be carried out using an aerosol photometer.
i H IR Al S R T HE T .

B.4.5 Testreports &Rk &

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

g S SN [ A e, NZES 5 FArRId R L E B AR
a) type designations of each measuring apparatus used and its calibration status;
T FE A 00 0 38 ) 28 B R UL IR R %S
b) number and location of measuring points;
2 S B A E
¢) occupancy state(s);
i1 RS
d) result of measurement.
WSS R
B.5 Temperature test & f& iz,
B.5.1 General #tid

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[%8] and other related documents for details of
suitable test methods.

AR 07 09 o TIE P 95 74 T8 I 1 7 A 5 A 0 DX sl P £ 5 7 5 3 T A (1 B i) R e e 2 IR BE AE AUy
e e BRI R N RURE T . i S0 7R VRA S B2 I 1S0 7726 AL BRI F.

B.5.2 Apparatus for temperature test 38 5l i (% 3%

The temperature test should be performed using a sensor that has accuracy as defined in 1SO 7726,128]
for example:

i PR R 2 150 7726 B L RE #E FE A4 SR e AT I B0, il

a) thermometers;

I

b) resistance temperature devices;
ek BEL 3R P U A

¢) thermistors.
g3 Gl

The apparatus should have a valid calibration certificate.

{3 2% 7 H A& R E IR
B.6 Humidity test {1
B.6.1 General i
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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 7726[28] and other related
documents for details of suitable test methods.

A I B 2 S SR 25 7 S R B 2 R R P AE 52 I X IR P 2 SR ACE (R et
WP B AL TEAZ PR BE AR RE Do 3 W T VAN (S B2 WL 1S0 7726 BILEARIICMF.

B.6.2 Apparatus for humidity test 3B H iR {505}

Humidity tests should be-performed using a sensor that has accuracy appropriate to the measurement
as stated in ISO 7726[28],

LI R H B 1507726 FITELSRIE 2 HE0 B H SRk AT 00K
Typical sensors are: #it 8 (#4375 -
a) dielectric thin film capacitor humidity sensor;
LA Jo R AL R B AR K
b) dew point sensor;
c¢) psychrometer.
T BRI i
B.7 Installed filter system leakage test O\ %2351 I8 28 R G R R

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 SBERRTRSAEREEFEEATEARATERROR TR TR, 7SR SERTEE
EREARTERLERE. FXHHFFBREMESRXEHTEAROELERNBE. HPEFERERX
B BIA X F TR ERE L Z 2T KB VP4 AL fT i 5 R

B.7.1 General #{i&
B.7.1.1 Methods 4%

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[21],

AW H R Ik A R R AT 55 B R R TR A C R R R A FIE R T HAE (MPPS) BA
99.95% BN B W e ML AR I IEAR ARG LI RAF, TIBRTCEE GLIESSME . B, FHA /DL
Hedify, CARGhiEdsaEitds) . 4 B.7 th iR 5 Ol o th IEST-RP-CC34.4 K44

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.

ABRAAF T g g AR A B M RCE . iR e MR KT, St i s R k. A2
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e pE s bl sl N, PR e R il A HE AR R il U IORE . 1% IRE A T A el A S
m/%, Fridds/Rnn, A REHEERNR, SESYOLERER .

Two procedures for filter systems with ceiling, wall or apparatus mounted filters are described in
B.7.2 and B.7.3. A procedure for duct mounted filters is described in B.7.4. The apparatus and methods

are different, with the method described in B.7.2 measuring a mass concentration using an aerosol
photometer and the method described in B.7.3 measuring numbers of particles using a LSAPC.

B.7.2 Ml B.7.3 AriAR 2l iEas e fE RAEM . HEmE i & LA uEds REEn 2 Ml A1k, B7.4 Fr
AR B 28 R U B . ENTIRAAR XSS, B7.2 Hikp RASIBEEE LT
&R, B.7.3 JikNISRA LSAPC & FH & .

B.7.1.2 Aerosol photometer method S Y6 itk

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

SIERSERETHE B.7.2 ATH T UL T3

a) cleanrooms and clean zones with all types of air-handling systems;
WAEFRBE T REN R E/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.

Wit HETBC P A A E BRI e A8 OB, VR i ]/ XA AT A/ BT A/
AR EHEN

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

FE: AT LSAPC Ji%, S BE T 07 vk vl Al 76 B2 L e e IR Ik i
B.7.1.3 Light-scattering airborne-particle counter (LSAPC) method J&i#St4 S BiFH Fit Hias
(LSAPC) Fik
The LSAPC method (B.7.3) may be used for testing:
LSAPC 7i% (B.7.3) T LU F#l:
a) cleanrooms and clean zones with all types of air-handling systems;
FAAEMRE A RGN 3E /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.

TR I T e 47 A ek I A e R AR L B8 TR, AU AN il R 2 el 7 45 F ] 4 AR TR I

NOTE1  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.

E 1 ATRERET - RAMT R T, FARFEEERABEN (Z0 C54) . R FE), i

SOMETTE RN, RN AR AT AR 5 A W] H B iR LSAPC (AR SER .

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

20 ATTEEAR ] R S R S R

B.7.2 Procedure for installed filter system leakage scan test with an aerosol photometer
ERSBEBOLE TN B2 g8 48 R AR AT A

B.7.2.1 General #{i#

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[171118][21],
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HE#PIRTE B7.2.2. B7.23, B725 M1 B7.2.6 ik, lEZARMETE B7.24 ik, KNGIELE
B.7.2.7 "ifit, 12HAEMNITE B.7.6 TDEiAk.

B.7.2.2 Determination of probe size ¥k R ~T#E

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. Dy, 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.

miFiEFE Dy= 1 cm H W,=8 cm AT ACRESR L, B D, = 3,6 cm [EITER L. D, AT T 77
FEHEKER, B0 om. W, AEE TR FEHELRS, 8247 em.
B.7.2.3 Determination of scan rate i 1T

The probe traverse scan rate, S,, should be approximately 5 cm/sl21],
BELBMERE S, BONZ) 5 em/fs.
B.7.2.4 Acceptance criteria A #52 FrifE

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.

TR, R BLAE o] TS5 T et ittt dhs PR FEE 00 it s 155 50 B 25 7 B A B S ARt Il A B . ORISR AE S
VA MBS BE T A A L o AT A o B TR RS
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 Lt R R Y B R BRI A 0.01% 0 A AR B O EER g E R, HE, T kR
MPPS 299.95% /T 99.995% it € 28 &R Ge, nEEZARERN 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.

R PTG IR R T B ACRIKT 99.95%, WA & EARE % A 5 LR 18] i BT AN 5 ARl
bt

For actions to be taken to eliminate detected leaks, see B.7.6.

T B P s S ) e S R X AR E 2 W, B.7.6.

B.7.2.5 Choice of upstream aerosol challenge _ 4% BrHk il A% 7

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.

KA Laskin g, A S BER T RN THIE RSB SI B <, 153 Br /& 2 S Phhkik
FE. SR R AR B R B B BT BAR— N 0.3-0.7pm,  JLTERdER Z s 1.7

NOTE A puide to aerosol source substances is given in C.8.4.
. UHREMREIERE SR C84.
B.7.2.6 Concentration of upstream aerosol challenge and its verification LSRR E EiZE

The concentration of the aerosol challenge upstream of the filter should be between 1 mg/m3 and
100 mg/m?3,

it 8 2% 9 SO R MR FE R A 1-100 mg/m3.
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NOTE Not all photometers are capable of using 1 mg/m? as the upstream challenge.
e AR R EREER 1 mg/m3 {04 R PRGRE .

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.

N SR TS 24 0 B R SRR AN IR ISR P SR RGIR 3950 RETH GRS, NERAE S IR IR
B BRIEY, FOE FHC KT A EN AN 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.

It 91 A 30 L e 1) SR R BE AR AN R i P 3 T B A 0 £15% R EEARL{I T T 324 & P (o6 B2/
ittt R R BORE . ndeT kAT A b A TR 1 1O I B BB PR R R el B b L e R

B.7.2.7 Procedure for installed filter system leakage scan test T %310 8 28 R 4K I HMLR
%

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

ERAT AR Z A, R RRERE (B2) o WRBIELAA R R BB AT, W RE 4 e v 7K T FH
—J‘Lfﬁﬁ'ﬁﬁi}’ﬁﬁfﬁ?ﬂﬁiﬂﬂﬁ TRy, A2 PR U B L I8 i, FOG R TRk Al g
s T RIR B Bl e R AR B AR

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;

% B.7.2.6 WELLEE s iR UEBOREE . 2 UEBOR EERAF AL 100% M TOGCRE A IR, Filg
WA B R R E 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;

IR LA 5 em/s FEEARES (BUESR 1om) . Hk5 TN iEsRmal
HESS FFRET RN 3em B /s

¢) 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;

F9i5 7 7 e BN I R AR RS R R R RN SEAR S i AR HE S e 25 4 1) Ak
AR HEO;
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).

FEfR N Z A5, W EAG 2R R () B 2 0 I JE A i (M SR BGR I,  EARRA B MR Ui e
WEMBEYE (Z1.B7.26) .

B.7.3 Procedure for installed filter system leakage scan test with a LSAPC ¥ LSAPC Xt
E &2 ER RGP R R &
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B.7.3.1 General &

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

HER B4 B.7.3.2 & B.7.3.7 Wik, Wt iAE B.7.3.8 # B.7.3.9 ifik, nl#EZfRifEE B.7.3.4 il

BN B.7.6 thigik. THlRIHSEBIRAE B.7.3.10 .

This method has a two-stage approach:

ATiEN N2 -

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 in B.7.3.5 and T, is described in B.7.3.8.2. The procedure for

stage 1 scan test is described in B.7.3.8.

B PG IERAER R IEEE. M LSAPC Bie], FEEURERTE (T pfE
eI (N R H AT S2 T H U 0 AT M R R T BEHE B . BbRT, RIMENE 3B,
IR AR R IR S AE, WIANTE St — . B.7.3.5 R 7 InfHAE N, B.7.3.8.2 i 1 Ui
€ Ty B.7.3.8 Wik 1 3 — B4Rl lFE .

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.

B BERBI RGN TR A FRAR TN BUEA S, FibRs), EHNE. EHA
LSAPC LE{FEIFMELE S, ERRERE (T NERAEENRFSG (N, RIGEHATEZ T
B A s W e 7R v g UL« B.7.3.9.2 [k [ dnfelfisE N, 1 T.. B.7.3.9 [id 1 58 BT (% Bl
B

B.7.3.2 Determination of probe size LR~ i E

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):
PR35 AR B R AR SR P SRR S R SR R M B AE M E, HERAHIT220 %. HL#ESHE
Al {420 B.7 it H.:

Dy x Wy =Q,,/U (B.7)
Where .
D, is the probe dimension parallel to the scan direction in cm; 35 5 1°F &1 # Lk, cm

Q.. is the sampling rate of the LASPC in cm3/s; Jy LSAPC HUFEEE, cm3/s

u

W,

is the filter face velocity in em/s. AL iE2 L MEE, cm/s
is the probe dimension perpendicular to the scan direction, in cm; 3 E T4 7 4Rk RF, cm

It is desirable to choose a probe which has a rectangular inlet in sizes of Dy =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,., 0of 0,000 472 m3/s (=472 cm3/s, 28,3 1/min or 1 CFM).

BAFIEFHEOFT A Dy = 1 cm A1 W, = 8 cm BIFRLHA, SURT D, = 3.6 cm MIEEHR K. @R
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FERE T Q0 EF 0,000 472 m3/s (=472 cm?/s, 28,3 1/4-4PEE 1 CFM) 3 4R R +F.

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).

SR As RIEE R HHE (>1m/s) , WATER A B.7 88 H/A LR D,.
For a circular probe, Formula (B.8) can be used to determine the value of D,,.

X F Bk, R 2 B8 iH D, fH:

=0 2
DP_ZxJDang—ug

(B.8)
Where
D, is the nominal probe dimension parallel to the scan direction, in cm;
AT THE#ETT A48 XL RSE, B4 cm
Dy is the actual probe dimension (diameter), in cm;

RFEEA RN (A48 , B om

is the probe overlap dimension perpendicular to the scan direction, in cm.
ATEET R AR ES T, B4 cm

For a circular probe of a 3.6 cm, diameter, D, is 2.54 cm.

T EAZRN 3.6em WETERL, D, A 2.54cm

W,

5

U
4

Wi

D,

Key B+
a  Qverlap. i
b Scan direction. 373 /7 ]
Figure B.1 — Circular probe dimensions diagram
A B.1----E LR~ E

NOTE In order to scan the target surface area most efficiently, it is necessary to select W, as D, becomes
equal to Wp. In case of circular probe with a diameter of 3,6 cm, the most efficient DF, is 2,54 cm.
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e ARAPOLAMERERRRR, FLEEFEN D, FT W, B 1 W MRRTEHLERA 3.6cm, FAH N
ff1 D, 74 2.54cm.

B.7.3.3 Determination of scan rate 3343 B 7 &

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

RFARLHE AR A Dy=1cm Fl W, =8cm, FLFAHESE S, M4 5 cm/s BUEAK. W0 AEFET
PO EARR 3.60m, HELARELTT S, MoN 12 em/s BCE K.

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).

R B EAR EEE AT, WA BRI . aT e LSAPC RUHLPEHEE A 0.000 472 m3fs,
H 230 B9 iR EE S, 1608 em/s.

S,=C.xP xﬂ,000472xi—p
g (B9)

Where H.

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

ik g A% L Pk R SRR, AL/ mB

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

AR E, R E T itk 3

P, is the maximum permitted penetration of the filter installation to be tested at 0,3 pm.

S5t I %R Y 0.3um BT AL d R

B.7.3.4 Particle size to be counted and acceptance criteria i8R T ERMATEZinE

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

frit#okL e S T 80K 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,

AR, AT (] it IS FAE I 35 T RS Ttk ek o SR AR S 5 B R ) O

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 %.

For R R B R IR LAY 0.01%KF, WYCKHHBH RTFRAESRE, BE, N TEgEgE
MPPS 299,95 % HAL T 99.995% (1) ik 88 & 48, w42 4riEN 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.

MR I 28 R e MR MPPS KT 99.95%, W75 kIR P S5 00R R 2 (8] i B 5 FEBUCAS [A] #)
A4S bR E
B.7.3.5 Expected number of particle counts ¥ ¥ B

The acceptable number of particle counts during the scanning (Stage 1) is N, and it is desirable to select
a N, value of 0 or 1.
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Hfh el 2k T8 EH (B—4) AN, mEEFE N ER 0 5 1.
The lower confidence limit will determine N,. It can be calculated with Formula (B.10).
(5 TR HE N, . THRAAR B10 5.

No=Np=2N, (B.10)
where N, is the expected median of particle counts that characterize a designated leak of particles.
Sk N HR T BOR L TR TR .
Itis the value N, thatis carried forward in Formula (B.9), and Formula (B.11) can be used to calculate N,;

ff N, 52458 B9 A EA, 25X BA1 THTIHE N,

N, =(N, +2)+2/1+N,

{BL1)
When N, =0, N, is 4, and when N, =1, N, is 5,83.
MR N,=0, WN, 74, WRN,=1, W 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.
e WRAHEGRZESES R R RN SEREYE, TREN, 5N, PEAEE.
B.7.3.6 Choice of upstream aerosol challenge FJ# <58 1%

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,

BTN 2 i R TUER G B, BB rR A S PhAR A . R R R T BT R
eyt HoRi R E A0y 0.1-05pm, JUMTERMERZE R 1.7. SR SIERERTER SRR E—
B/t T 0.3-0.7pm, JUATFR#E S 25 e 1.7

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

5] (& = B BTk N E ek

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

RAGESIANLSGER, W RAEH RSSE BAE N Ll s .

NOTE A guide to aerosol source substances is given in C.8.4.

iE: C.84 ety BEBRYIRTER -

B.7.3.7 Concentration of upstream aerosol challenge and its verification F S EBPhaRRE R E
LN

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):

e LI SIS RGREE RN R8s, KF] B.7.3.3 AR A . oA L m OB Bk i
FERA 23 B2 i85
C.zN,x S,/ (QuxD,xP) (B.12)
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Where H.+f
C. is the challenge aerosol concentration upstream of the filter, in particles/m?3;
R PERS L TR BB, LA/ m3
D, is the probe dimension parallel to the scan direction, in cm;
AT THEMET AR RS, 847 cm
P is the maximum permitted penetration of the filter installation to be tested at 0,3 pm.
5T AR VLG 0.3um b T SRV K A
Qv is the actual sample flow rate of the measuring apparatus, in m3/s;
DB ASCAR I SE PR A SR, FRAT m3/s
S, is the probe traverse scan rate, in cm/s;

AP ATAHEL, B em/s

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

tR## B.7.3.2 Ml B.7.3.3 P @ BHR L RTHBrid 1w 2, o] M B.2 il JE4s bl T RGR .

60 000 000

/,,/ |
-
~
50 000 000 /.r" —
40 000 000 /_/' -
Y o 4
/
30 000 000 z = |
20000 000 —
Dp=1, Na=0
- - Dp=1, Na=1 1
10 00O 000 T‘;{ —.— Dp=2.54, Na=0 —
E ———— Dp=2,54, Na=1 i
0 ] ] | 1 ] 1 ! I 1 | 1
5 10
X

Key 475
X  probe traverse scan rate, 5. incm/s
wkBARMEE, S, B60cm/s
Y  challenge aerosol concentration, C, in particles/m3
PR ERGREE, € B fr 4 /m3
Figure B.2 — Challenge aerosol concentration, C, for various probe traverse scan rate, S,
/ B2— PR R AR EE €, AR 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).

REMWIET, REAG A R A = I _E i Ui b il ok 1) 0 B P IR BE . DAz ek iz, mI
HIFEE R gkt Gt LSAPC AR EERTEZ IR (&) .
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Challenge aerosol concentrations can be adjusted by changing the probe scan rate by use of
Formula (B.9).

AT fE A 203X B9 I AR R Sk A Rl R R R O TR B

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.

JE AT 32 225 B T T N 2 KU A O R 5 38 — M AT BRI . WR R G R  ,  RIE
RIBIR G 7. R T HBEIE, MRUE I C A EA SRR 5.

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.

W ol A L AT T AUV I P T R P PR AN L M 1 B A £15 % AR T T IOR AT {E 2 FEIR
Ao AL/ LR O RO, T R PR P I AR T B e A bR U . B ST i AT SR
PR AR A E SR 2 P SR R e .

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.

a0 B R R FE B [B) 254, ARSI WA R B Rk e B, ARG s TR R i U

{1 A

B.7.3.7 Procedure for installed filter system leakage test, stage 1 scan test &3 T ER RE KR
7, B—PRHENR

B.7.3.7.1 General iR

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

ERAT AT EHT, RO SHEE (Z 1 B.2) #HATI. R LA R SRR IZAT, W R

mEACEH il dE S . 0, Reda e PR OB BOE AL DESS BilF, H LSAPC #R:3k434

il B A bk i e R AL AN

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

48 B.7.3.7 B EITIEE DB, LA SIS i
b) the probe should then be traversed at a scan rate not exceeding the value for §, 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;

WL UA R B7.3.3 Brid A, PEXEREES. HkN

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

RLAERENRLBE RS MR T ek SIS AL, W IESRUES a2 R R %,
Fofe AT 4
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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FERE AR AR A 2 f5, L RAE B (] (7] % 25 52 0 &l pR 28 g A U IR B, AH AR Ui
A FE e e
B.7.3.7.2 Measuring parameters for two scanning types P2 #i 8 &S5

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.

—fBKK, LSAPC Bt SR a & IR R R = bR AT 1H B . 5% LSAPC fEZESE M S
FEiFAE A HE R (] P B R 7 T R

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.

[EH A F LSACP #E47 B3l i 48 R G A ftuisit Bk FE N, = 0 BN, = 1 BI5MF (N, AdEE IR
FAF T AR EUED .

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

PO, bR I RO R R TG SR AN R TR R AT B .
If the apparatus is equipped to emit a sound for each count, leakage can be verified using this sound.
Gn AR AR AT FERRUCTH RIS A P, DRI 6 ab P A B A E R

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

(D, /5).

SRS A8 T A e SO ) R O ) P e o B R W RTERAEE Ne IEAERS[E (D, / S
B g2 2 (0 THEE F T 8T N, MIRR A SAT MR -

For reasonable test conditions, the following two scanning types can be selected:
WA RS EE, FERELLT 2 - .
a) Scanning type (a): Choosing N, = 0 for 0,3 pm particles;
JARA (a) : E&FE 0,3 um £ FN,=0
— suitable when the frequency of stationary re-measuring is predicted to be very small;
— R T RS E I R AR U AR
— type (a) test requires lower concentration for upstream than type (b);
—  (a) RIAXTR Bk (b) SRMHAEAL
— absence of a leak is verified if the count is 0; the scanning test can be continued.

— WERVFEUE N 0, MERATCMERG, Tk Sk H

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

PN (b) « % 03 um 7N, =1
— suitable when predicted that stationary re-measuring may be necessary;
— EA T AT A E IR T E R R

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

— (b)) ZEMNEAESR EHERELL (a) BMERER, {H LSAPC il #2%iR Z= 5w < K
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— if the observed countis 0 or 1, absence of a leak is verified. The scanning test can be continued.
— WRMEBATEAEY 1, MERARA MR, T4k RN

B.7.3.9 Procedure for stationary re-measuring H{Z EFH B H i

B.7.3.9.1 General ffi

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.

M5 BREF - BE KT N, M B Rl e fE7Eie, ZERA I AEEHNE Z A
B.7.3.9.2 Detection of leakage by stationary re-measuring 515 5 H il %

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

P EE R THEUE DT Ny, [AVBLF Y . 7ERS[E] T, BT ER A TH B 55 T8/ T N, WIBRIA
it -
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.

FTERI AR T N, [REFY B SRR 8 8 i Sl N, W5 RS E R G,
RS B R BUE AL N, T RLE R 8 38 A it

B.7.3.9.3 Determination of measuring parameters for stationary re-measuring T {5 5 37 & &5

BSYHiE

Recommended sustained residence time, T,, is 10s.
HGEER K T, 39 10 B,

The number of particle counts that characterizes the designated leak, N,
stationary re-measuring, N, are calculated with Formulae (B.13) and (B.14):

Bt A AR T N, ANEE S EEIN R R 2 T EUE N, R 2450 B.13 A B.14 #EAT IS
Ny = C.x Pyx Qusx T, (B.13)

B A

and acceptable count at

Where .

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

AL ks bR EBGRAE, B4~/ m3

D, is the probe dimension parallel to the scan direction in cm.
FHAT TR R EHERRST, em
N, is acceptable count at stationary re-measuring;
RS A5 E T S ] e 2 T bR
N, is the number of particle counts which characterize the designated leak;
ok anliel TR0} AR A
P is the maximum permitted penetration of the filter installation to be tested at 0,3 pm;
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QVS

ARFIL I8 3 V) 0.3um R UV R K ES

is the actual sample flow rate of the measuring apparatus in m3/s;

Dy AR B SEPRIURE I, m3/s

is the recommended sustained residence time(s);

AP ]

B.7.3.10 Example of an application with evaluation Y& FH 2441

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

scan rate 5. =12 cm/s.

% B3 hHHARNESHY]T. BREHBMERAEERF]RD,=1cm BLE W, =8 cm , 13§
Ff S, =5cm/s B, FIEABFELEREAN 3.60m, HIEEE S, =12 cm/s WIS EHEH).

Table B.3 — Example of an application with evaluation

# B.3— VSR I3

Measuring parameters

Rectangular probe (1cm x 8
cm)

Circular probe (diameter
3.6 cm)

NESH

HERFEL (1emx8em)

E®#HFL (E£ 3.6cm)

Scanning type i

type (a) type (b)

type (a) type (b)

Py

Maximum allowable penetration of
the filter system to be tested

Fr it A8 R o VK SR

0,000 1(0,01%)

0,000 1(0,01%)

Nominal probe dimension parallel to

the scan direction [cm]

AT T 4 Bk R
[cm]

2,54

Probe traverse scan rate [cm/s]

HOLTIHERE [em/s]

12

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

E AR HFHEL [m3/s]

0,000 472

0,000 472

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

- Stage 1

At N, DH80] f 3 e it 2 i Bl e
LT HH

4,0 5,83

4,0 5,83

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

FHITA S0 oI 7, A2
Ffl---55 1 0

Challenge aerosol concentration
upstream of the filter [particles/m3]
L A B SERORE 4

m?]

423728 814 617 584 746

400 373 682 583 544 642

pr

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

XL Ny, [rHE0 195 e it ifs 22 i 5
ﬁ“‘-'jflffl‘nl Ty =10 # A #E R T8 H—5

200,00 291,50

188,98 275,43
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Acceptable count during T.=10s in

the sustained residence time [counts] .
N,. |- Stage 2 (rounded) 171,72 257,35 161,48 242,24
SR ] T, = 10 #5 Pyl a2 18U (171) (257) (161) (242)

Lit#]) -5 (2895

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

(AHUs) ZRENEARZSEEETT (AHU) Rt 38238 1 o ot 38 s 7 v

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 VR U Y 2 SR AR A SRR 22 . A7 TR o] B TR E 2 Ak AR ) S A
W, MATERNNG. 877 %R RN R 8w+ B.7.2 M B.7.3 AR iLIERWHE.
SRR R A R Z B Ra b e iE K ER N, FoASHEENN SR E 2 EHE. FiitER
8 7 i 2 R T A S RO AN B S 0 ) DX A RV R L e e B AR i, H G S T R A
B AT . R SRRV, Dl A T

NOTE 1  This test is not designed to cover exhaust HEPA filter systems.

e AWEHAE R THEA HEPA L8 48 R4,

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!19],

HEAT AR, g 2 it ) / XA g Bk B a8 B S AR UE . B eI E BRI TIREE, R
R E S P AR IR, 5 IR AT PO, B E 1Rl IR B8 R B AR R E R
The airflow velocity test (see B.2) for initial qualification should be done prior to performing this test.

Measurements of the upstream aerosol concentration according to B.7.2.6 (aerosol photometer method)
or B.7.3.7 (LSAPC method) should be taken first to verify the aerosol concentration and homogeneity.

IR BN (B0 B.2) MAEARMRZATEM. RGHRIE B.7.26 CUFBILEE i)
gk B.7.3.7 (LSAPC J7ik) W& Lt EBGREE, LARSIE i BOR AR S0

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.

TR IR R E S S IR G PR AT I E . R AR G5, W 7 iy e i L PR 88 T Ui
30-100cm A0 A] A B ) 5L HEAT — BB . RS BORE 7 i, AR o 0 2B 2 P TR
ISE 7RG PR AR

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).

S G % L A B R S R DA B [ ) B R ST R, DA R IR R IR AR e (B
B726 M1 B7AT) .

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.

fERERE T, MRS AR, WESANTIABEME LTSS, A LSAPC i, WERTHi
WE, HEFARZ T8 MR ANRME S FEE, ST A 7 IRENART M E I H 7t
FiER, Wk TES SO P ERE.

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

A% B.7.6 Bl 1 5 4 N 16 B S 6 iR AT 2 b BRI

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

e SRR E A R A i ik At T e dE, &0 B.7.2 1 B.7.3 b ATk ik

B.7.5 Apparatus and materials for installed filter system leakage tests E.Z 3T I8 R4
i A AR 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 “\¥E I E T (&
W8, HRATE SR T Re BT e R 10% R 5

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

designated leak. X EU 2 A EFFFiH 538 (LSAPC) (B W C82) . RATH SR TH=K
WFEAR 115 € Ht 3 09 10% A9 1% 5

B.7.5.3 Suitable pneumatic or thermal aerosol generator(s) to provide appropriate challenge
aerosol concentration in the appropriate size range (see C.8.3). & [ BB ) i I R HE 28,
et FA IS R R S Pk R (B C.8.3)

B.7.5.4 Aerosol dilution system (see C.5.4). LA RMBERS (B0.C54)
B.7.5.5 Aerosol source substances (see C.8.4). “UHEREIEWHE (£ W C.8.4)

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

B.7.5.1 £ B.7.5.3 il E B8 R H 5 R B EuE
B.7.6 Repairs and repair procedures 4E& 0445 51

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.

REHsp Spm e RSN, AwdtirittRgeiz. 427505 E & A= m i i feis 5 #

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

R ARIR, R RO T T IREE M T ZE L.
Detected leakage in filters, the sealant or the grid structure should be repaired.
F el e AR R, A 2 R Bk e

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

T FH 7 1 5 P IS s 1) 7 Vo0 o % R Ml SRR R R AT A
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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.

e SE R AEIE Sl G Y CE R B2 f5, (R 6 77 i ik A R R .
B.7.7 Testreports MK &

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

Wiz SUN R < MR E, NIES 5 KATEILR LTS B A EEE

a) test method: aerosol photometer or light-scattering airborne-particle counter (LSAPC);
W77 5 B IBOC EETHSDEBUN 2 B i8S (LSAPC)

b) type designations of each measuring apparatus used and its calibration status;
Fit 0 B A B B3 B B AR e R

c) specification of the filter;
i E A5 A

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

AP IFARTRE PR TGS, BUW B A TR M TSI, LU B BN T 2 8] i AR T35 B i

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

A RGR B A, LA G s 7 AR NN S [E]

f) sample flow rate; and for LSAPC measurements, the particle size range;
PER I, LA K& LSAPC il ok

g) calculated average upstream aerosol concentration and its distribution;
TSRS L i S PR B - BB R e 43 A i

h) calculated acceptance criteria applied for the downstream measurements;
TSRS AR I AT RS b i

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

AN A BRI S . DX 4 B i TR A e s B
j)  final result of the test for each defined location;
BN A B T R 2 i G R

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 AR, WS . N RAL B, 8 E R DA B AR A R
B.8 Containment leak test 2 [ 14 it I 3,
B.8.1 General #%i&

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.

A& H R 2 A 3205 R R S AhE 3 5235 OR A E13 X, R Bk e RTER R 4 i it 15
.
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B.8.2 Procedures for containment leak test & A& it )i 7575

B.8.2.1 Light-scattering airborne-particle counter (LSAPC) method J&H#Stas S Bk TitHas
(LSAPC) ik

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/m? at the particle size to be measured. If the
concentration is less, generate an aerosol to increase the concentration.

fﬂl T RF VR AN 2 T 2] O s il 1 160 % P X AR TR B . LA R TR B R K i iR AR 1000
., HTFED (35 x 108) MRiF/ md. WMRREER, SlES R mReE.

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.

Fra g iR . REEERS H SRR, L Sem/s MBS AANEE, BEOANENEO., %
Fhb s Bl & 2 mEE R N T Sem. 5% AR EE,

To check for intrusion at open doorways, flow visualization methods are recommended.
REITFITOMT RGN, @R SR T .

Record and report all readings greater than 102 times the measured external aerosol particle
concentration at the appropriate particle size.

AN 3 AR I R TR I AN B R IR o 2 — L

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

P Al It e B H AR B R IE S P S SR R E

B.8.2.2 Aerosol photometer method S {E B 6 E i 5

Produce an aerosol outside the cleanroom or device in accordance with B.7.2.2 in concentration high
enough to cause the aerosol photometer to exceed 0,1 %. A reading in excess of 0,01 % indicates a leak.

% B.7.2.2 FEGE A ER B AME A R SIE R, RN L8 R ECURRBOCE THE T 0.19%. EEGE 1
0.01%I R itk i .

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.

Fefrah bt . RaaiRs R I, UL Sem/s SRR AN, SO AR E %
TEEMJIW /hF Scm.

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.

WENAZEARAENN, EFAENEREITTE] 0.3-1m 8Kk
Record and report all readings in excess of 0,01 % of the photometer scale.

R AR BT OB EE T2 RE 0.01%(1 34
B.8.3 Apparatus for containment leak test # F 4 it iR Hl iR (X 38

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

ANTAERSER RN, % B.75 Brik, BEHMEIFIER

B.8.3.2 Light-scattering airborne-particle counter (LSAPC), as specified in C.8.2 (or photometer,
as specified in C.8.1) with a valid calibration certificate and a lower particle size discrimination
capability of 0,5 um or smaller. JEU &SP R 11148 (LSAPC) , #% C8.2 FirilliE (&
JERETE, % C81 fEE) » BAAMRIEIES, BAZEMNEENF T KT 0.5um.
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B.8.4 Testreports Jllif#t &

By agreement between customer and supplier, the following information and data should be recorded

as described in Clause 5:
Wiz P SO 2 AP, R S FATEICF LT E B AR
a) type designations of each measuring apparatus used and its calibration status;
B B AR R B S B A R
b) data collection technique;
Bl R SR EA
¢) measuring point locations;
T o ¥
d) occupancy state(s);
5 HPRES
e) result of measurement.
LR
B.9 Electrostatic and ion generator tests & Bl 5 7 & 4 289 iR
B.9.1 General #tid

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.

At 2 #ardEm. —EoEFEIS, HEaNETAS GETHRED MBl. it H
VPG TAERIF= R A& IR, PR . TF & R i i/ X 51 10 & B i Mok e .
i LTS PSR A A A e ) 8 R T b, LR 3 T itk s R PELAE AT VR A 09 o B R B K e ) BT 0 A
0 25 PR TSCRRURT TR,  E AIAE IE AR R L, SRVR A & R A BRI RE . B R A R B
MR BRI ER (PR 2eR,  BLERT A s IE 508 1 8o () A AN T i 1 10

B.9.2 Procedures for electrostatic and ion generator tests & Bl B & 4= 88 W58 77 i
B.9.2.1 Procedure for electrostatic test & B & 5%
B.9.2.1.1 Measurement of surface voltage level F i EHIE

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

A AN i 1 LE / G HL A 1R V00 R Y i e o e o U o -

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.

PR T ) e W R, R R AR e st R . kMg RECFT. wkEeE
i BT I A A 2E 7 e B S SR T < A A R AR R A K AT e LR R BRI R AR
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hEREA SERIMEE.

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 R TR . WERE RN, PR ART ., EFRL AN ST E
TEEER AR . O T TR RN R, AR T3Sk A LA RS RSk S5 R TR RIRE, Mo R AT A2 9% K0
el TE AR

Record the readout of the electrostatic voltmeter.
S i L TR iR 3.

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

7 1% PR 725 7RI R ot 7 A28 4 0 B e B
B.9.2.1.2 Measurement of the static-dissipative property B iHREF N E

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.

TR B R AR GRS A B2 [ D MR (RmAsh .z B B Sk PP Ak L #E A
FetE. WTH s AT TR L .
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.

F| B 858 001 R ~F 568 24 (1% e, R 00 9 T b LAV e PEL . 3000 A T W PELIGE , 33k 2t e R %7 5 6 T - o 1 ks 11

Specific details of the test conditions should be agreed between customer and supplier.
FRL ) S5 ) LA 4 1 e 2 R R T U

B.9.2.2 Procedure for ion generator test B & 4 22l

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.

AKTIN ) H B VRS X R A AR O RE,  CLRSHCRE R LR R . I BT (B T
FL S S R R T AR, RN H R 1T B B A U B PR E RS AT . &
FHIA PG SR B AR AR

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.)

SR e 1 ) R I B R R R T AN I A AR (AT 3 o A A SR Y AR T AR
) .

B.9.2.2.2 Measurement of discharge time J 5. i [a] il &

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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froma power source.

MAAA LS (n20pF) BRI (HEER0FREO BT, Friant, AIRdEE RN sEE, &
B 2 R0 A 1E B G ) 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.

FEAR T T 5 VP A AR OURK P A A s R, MR LR T A . N T% P R v R e AR
b eI B e ] 7 A N 2R 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.

TECFRLIRT TR) ) 5 SO, A b vl ey el B85 PR B 10% 0 Bl R B 1]

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

T A7 EL T 01 7 ERUBR 8 I T2 00 B T L )

Test point locations and results for acceptance criteria should be agreed between customer and supplier.
i ) R ) B AN G WAL B £ L 1% ek 2 P AR A R ULE

B.9.2.2.3 Measurement of offset voltage #Mz i Fill| &

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.

H 2 Atk ER) e R IS E A i . R fL R v B BN 28 25t b Y FL A

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

FUam i iR,  BLHERSE R HL ., ROZAAR BRI 0.

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

CHRRETHENSIRS, HREIFAREGE, iR .

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, 20 2% A e 52 1 4422 FRL R A AR DX R P e ) i i Ao () BBURR M T o - PT R Z IR AME LR RLZ R P AN
B.9.3 Apparatus for electrostatic and ion generator tests B 71 B 25 28 iR 28

B.9.3.1 Electrostatic voltmeter or electrostatic field meter, for measurement of the surface
electrostatic voltage level for the electrostatic test; iff H FUE T fe Iz s i, i e I b il &
IF e L L

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

electrostatic test; /=i FUBARRAE T, 5 AL o 0 2 i v AR AR 1

B.9.3.3 electrostatic voltmeter, or electrostatic field meter and conductive monitoring plate, or
charged plate monitor for the ion generator test. i i1, BiEE HI7 50 THFI L S B iR,
1 T A A IR Y 7 R B

This apparatus is described in C.10. The apparatus should have a valid calibration certificate.
XA ARHE C.10 B . (XESRIE & M I .
B.9.4 Testreports Jllif#Hf %5
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By agreement between customer and supplier, the following information and data should be recorded
as described in Clause 5:

WiEE P SO Z Mg E, R S FATEICF LT E B AR

a) type of tests and measurements, and measuring conditions;
R ) e 2 1 D, B )

b) type designations of each measuring apparatus used and its calibration status;
T P 22 il 5 A 25 O 2R 70 B HLRZ IR A

¢) temperature, humidity and other environmental data if relevant;
TR RN EREEEE ()

d) measuring point locations;

ME i E
e) occupancy state(s);
AR
f)  result of measurement;
s R
g) other data relevant for measurement.
HillEH R p e dds
B.10 Particle deposition test ¥i T f&#ll iz
B.10.1 General #it

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.

24 YLK 50 B A, 00 i v R AP T R BT R TR AR 7 i b R AR SR L R R AN
H TR A . R R ST P S A9 A XU 2 i A9 AR BUR SR DTRR AR 1, HDE2E R e
B 7 B T B R T A A AR e R T . o LR IR G B T SRR T I R R M B . Rz L
FRLAT IS Ta] P (R0 0 B R AR 5 R T TR AR

B.10.2 Procedure for particle deposition test ¥ T-IT FER 5%
B.10.2.1 Collection of particles on witness plates {SJl#%_Eh 734

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:

IR R Z B A SR AT F— 4P b, BAAHERS, IR D5 R .

P FEHON A T BRAEACIIR (B0 — WAt ) AR (205)—MlAem) k-7 B

G N IR .

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

WAER P S RARRIESR, FAEBITER.
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b)

d)

e)

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;

F AT RO AR IR, R EOR BTG HE R AL R b B R A . 02 B XA
EXFHE R

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

TRfF 10% AR fExT A X iR A Ak B 7 SUE S I A AR R e e R, (HoE A T35 .

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

LR BACIBGE B TG 8 .z 1 SER R TS et B R

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

AR AR R 3 17 v (8] P RUBG 22 10T, 91 ™ o B T 8 R L 1T e b 7y

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;

R 1 ) 2 S T FE AR T H BRI ARy R B G . FREEI I EAEY 1 /S 2 B s b
R LSRG L Ak T U0, RO A Gt 5 U 2.
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;

AR B i Tah A5, nIaea O REEE JLFe A= o 72 vh LA (R A 32 A 2 BT A i 3%
e b R 5E s R R

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

¥ BT AR 3 _EIFNCRER, CIAFRAE R H AR DL B ELi5%.

B.10.2.2 Counting and sizing collected particles X} 2R &k Fit Ffz

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.

o R ARAE I _E ARl AT T O 42, 19 307 LA B, R DS i R A 2K

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

ARARAE AR AT, k£ B A E AR AR A B e — A7 0l 5 -

a)

b)

optical light microscope with a calibrated linear or circular graticulate;
FLAT B L 3 A 4 10 sl B 2 b 19 0 (2 B

electron microscope with a calibrated grating with known line spacing;

A Cagrb 2 Bk A CH i) L B il

surface scanner using size calibration information supplied by the manufacturer.

LR R AR R AR R IR EE

When using a witness plate, the PDR can be calculated as follows:
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R AE A ARSI, PDR RIHHSEIF

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 B R BT R AR, BRI, R BB TR A i AR Ve
b) subtract the values of the initial cleanliness of the witness plate from each test result;
ANt SR e i 25 A AR ) U 75 1 PE A

¢) 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.

AR E R B R AL R, TR R AR SR A A RS 2 A S e,
it HAGH PDR B a-F- Iy KU okl 17 .

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

WERE MR, WRIFFIRE A EA PDR H, AHArAEMZE GEXR) .
B.10.3 Apparatus for particle deposition test ¥ FJ1FEM {22
Various apparatus may be used for counting and sizing particles that have settled onto a test surface.
AR P A [RS8 T B I A i R AT TS A
These fall into the following categories:
{3553 J LA JLE:
a) light microscopes (particles larger than or equal to 2 pm);
JeFREE (KTHT 2 um BJRLT)
b) electron microscopes (particles larger than or equal to 0,02 pm);
R CRT5%T 0.02 um (KT
c) wafer surface scanner (particles larger than or equal to 0,01 pm);
ae [ R IR CRTSET 0.01 pm AURLT)
d) PDR detection device (particles larger or equal to 5 pm);
PDR tifll{X CKT3T 5 pum HIRLT)
e) real-time PDR measurement device (particles larger than 15 um).
sehf PDR I EHE (KT%T 15 pm BREF)

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.

EEFTH AR OGRS, 25 RS 50 A fe A SRS E B R 7. HE® BH RN R R SRS
RSN 7rtr By bt (6] By B R B A RORE IEUE 5

B.10.4 Determination of sampling time and surface area BUEERT (R fIR A AT E

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 BRI, WprT R RmA A B, REmfE Tk, i A x T 28, {F5 0] HERRMN & PDR.
& f ORI L A fHRA 20 [2 AN B.15]) -
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AxT=z20 (B.15)
Where HH
A is the area of exposed surface; % & ¢ [l
T is exposure time. % & F <
B.10.5 Test reports JiE R &
By agreement between customer and supplier, the following information and data should be recorded:
SR SHNREE, FHCR LT E B REE
a) type of tests and measurements, measuring conditions, and occupancy state;
AR R A, IR AR SRR
b) type designations of each measuring apparatus used and its calibration status;
Jir FH B 5 s A 2 Y R LR IR AR
c¢) measuring point locations;
& E
d) result of measurement.
W& 4h
B.11 Segregation test [ 25 Jllis,
B.11.1 General #id

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.

24 3 ) i SR VYA e S B RO (R P AR B T iR RS AT T T 1 B R B ) i
(Xiheg, =R XA R EEH . A, ERS00 X EE SRR, I 5E SR R BN tR
HEIREE, 2R o i e (9P X ki SR IR BE .

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.

A4 7 A 0k R A5 0 52 O XS 2 SRR T B AT i G RARRE BRI TR A
PRARRL T IR BN B A S EART, wF R T

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

P AT SR 1) F0RT AL WA TR ) 52 R DX Ik i 2% .
B.11.2 Procedure 7%
B.11.2.1 Generation of reference concentration Z% ¥ 11+ &

To challenge the protective airflow in the surroundings, a sufficient number of particles should be
generated. Recommended test aerosol particles are described in C.5.3. The mean particle size should be
0.5 pm and greater unless an alternative size is agreed between customer and supplier. In order to be
sufficient, the following should be considered:

PRk A B CRAP PR, AR R A R T UGN AR IR T €53 k.
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PIRIAERN 0.5um BUE K, B/ SR AHWEE R N RESIRE, REELLT E A

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

B TR R RN E S RS IER BT

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.

N E PR T, RE(E SRR AR RUR, MR R ORAP DX P ) SR 7 R T Bk AR R T
12 WA P N 220 10 51 5 S0IE s iy B b 15
B.11.2.2 Equipment geometry ¥ & JLITER

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.

7 5 A BB A 1 TL AT AR . S AR X Sk I A I SR AN R R T 0.1me {2853 DX 8k MR FE 4R
kB FMAEARKT 1m CUFBENG S EZED) o SEBAE as bR E A A PhRIR R IR L2
1-1.5m #&t.

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.

i CRAPRCR I E S H T T 2 R X B faAR,  BUBCE P Rk R 2 ] 5

B.11.2.3 Procedure of measurement | & 7%

a) The sample times should be determined based on ISO-14644-1:2015, A.4.4.
HURE IR 8] AR A 1SO-14644-1: 2015, A4.4 fifi5 .

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 ARG — TR E b 7, W OREs I (LB PR Aleah 1 A & U=,

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

ICR ARG X B MFL AR AR TR L. EANGCR = 1 Pl EEs A
NOTE A dilution device can be required when measuring the high concentration.
T TE R A il RE G A MRk

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

WWRZ R KBNS M TR . £OMER=R1 o8l EER.
B.11.2.4 Calculating the protection index /3" R¥ it H
The protection index is calculated with Formula (B.16):
(R4 RECRH 230 B.16 iHHWT:
Ply = -log (Cx/Cger) (B.16)
Where .

Cres is the reference particle concentration, expressed in p/m3, for particles 20,5 um (challenge
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concentration) of the nearest reference particle counter, (guidance value: >5 x 106/m?3).

RE bR R T A (BRARIREE) 20.5um i FARHEIREE, Fnoh p/m3 (3B SHE
H>5%106/m3)

Cx  is the average particle concentration at measuring point x, expressed in p/m3, for particles 20,5
pm;
IR X #920.5um B EREE, %R p/m3

Ply  isthe protection index;
AR BB

B.11.3 Test reports JiliXiH &

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

WRiEZE P S MR 2 A g, R 5 RKATE IS G B HHE .
a) designation of the type of each measuring apparatus used and its calibration status;
Fit F 2% Al B33 B ot B R R
b) data collection technique;
BRI BOAR
c¢) measuring point locations;
D o §
d) occupancy state(s);
s IR
e) result of measurement.

55 R
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Annex C 3% C
(informative [t Z75)

Test apparatus MR {X 2%
C.1 General #i&

Annex C describes the measuring apparatus that should be used for the recommended tests given in
this document.

bt 3r C [k ey A SO o UCHA BT R N = 05

Data given in Tables C.1 to C.9 indicate the minimum necessary requirements for each item of apparatus.
Items are listed and numbered to correspond with Annex B. Those responsible for planning tests can
refer to Annex C for the selection of test apparatus and to Annex A for a checklist of recommended tests
of an installation and the sequence in which to carry them out. Measuring apparatus should be chosen
subject to agreement between the customer and supplier.

% C1CO FIHMIBHR A FPOCE AT RICER . KW 90 5% SR B AIRIRL. M
FIWRE TS U C RO, SHUIT A AR A B BRI, B MR T
e, SRR 7 5 O 2 I A 5.

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.

AW R I A GIRE A oE A EE (A o BRI GEE TR IE R R, WRIEE S S BN R 2 W)
B EfEH
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 e I A% L R & FE R A R PR BE 56 . CRSRE IE pt B 7 o L BEE Fg 03E . prfy
WG RE (3.1.7) MA 1.
Minimum requirements for test apparatus are given in this annex with a requirement specified for

maximum permissible error. Below is an explanation of how the maximum permissible error for an air
velocity meter can be estimated.

AP AR T MRS A BARE SR, DA RS RRZEE R BAT Ry n o] £ W 23 S0t 2 fe vF g R

2= [ PR

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

RTFMAREZDLH =AHE:

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

— TREEAHEE (FERIEIET B

— the sum of the random errors’ absolute values (after correcting for systematic errors, random
errors!29] still remain. Each of these give rise to variations in repeated observations of the quantity
to be measured);

— BEHLRZEMMELN (EANLET RHREL)S, BHILRENREE. BMREDSENfGIEE
SRS

— vyearly drift.

— EENE

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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Afrh, BRI EAE S E A 0.025m/s, FEHLIRZE AN 0.03m/s, FHEMFEA 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 20,06 m/s.

¥ LR =TSR 0.06m/s. FUERENTRGLN 0, MIHREZRE (RFRKIRE) H£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 bel29l,

i M{H 0.06m/s HARAFER . Mk, REMRFRIZE RFINEREFEREEZA.
C.2 Air pressure difference test EZ Ml
C.2.1 General i
The minimum requirements for the air pressure difference test apparatus are given in Table C.1.
AR IR AT ER W& C.1.
Table C.1 — Air pressure difference test apparatus
® C1—F R EM RS

litem 3 B Minimum requirements S{&E R
Measuring limits N/
) 5 [ x
0,5 Pa (0 Pa-49,9 Pa)
Resolution
1,0 Pa (=50 Pa)
0.5 Pa (1-49.9 Pa)
SR " y

1.0 Pa (=50Pa)
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 HifH 5%, MRK#H

foiF kiR (WU DR AT FEE RN Z%, HHTEEREDS
fie H )

c2.2 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.

M ZE T, kI T RS IR R AL o R e e R A B R PR, SR sl i i R X 5 A
EEEZS P[]0 )i

C.23 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.

RUE R 221l i YIRS A W oK el L R R PR R s R S GRBE ) A9 UL v 2 0
IR ZE. fEA N R H A G REORER K P HE [ 5E 5 8

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.

UM 223, a6 I S AL b A e P el il P 5 2 PR R A RO B RE S By, 0B X B ] e 22 .
AR R E DG MO ACT HER 2 R .

Careful consideration should be given to selecting the appropriate gauge range when using this
apparatus.
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{3 A M 2R3 B8 WL /iR 3050 L AR B3 I B Y
C.3 Airflow test S MR

C.3.1 Air velocity meter FJ# il
C.3.1.1 General fifif
The minimum requirements for the air velocity test apparatus are given in Table C.2.
AR R AR IR R TR Lk C.2.
Table C.2 — Air velocity test apparatus
R C2—FE BN

Item Ti H Minimum requirements B{%E R
Measuring limits N/A
il £ v [ 7,
0,01 m/s (0,20 m/s-0,99 m/s)
Resolution
0,1 m/s (21,00 m/s)
i 10.01 (0.20-0.99 )
4348 3 m/s m/s

0.1my/s (z1.00m/s)
0,1 m/s (0,20 m/s-1,00 m/s)

10 % of reading (>1,00 m/s)
0.1m/s (0.20-1.00 m/s)
A1 10% (>1.00m/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.

IRt B R SR TR N AR S b T I s i B T A O R B AU

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.

S R, SAE R, A R R A R A R (el ) el R U

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

R ARG T SE TSR R R I A R

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.

BEABE Ayl I S R0 i e 22 TR S

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, AR SRS RN R 2 ESREE. KA T EZKE, R 2 E RS R
TR TR AR THECFIRR, BRI

C.3.2 Airflow meter Siit
C.3.2.1 General i
The minimum requirements for the air volume flow rate test apparatus are given in Table C.3.
PRI A A 2 SR W3k C.3.
Table C.3 — Air volume flow rate test apparatus

Maximum permissible error

FRVFERRIRE
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£ C3I—RNERMRA{#

Item T H Minimum requirements S{&E kK
Measuring limits N/A

) B 3 g

Resolution 0,001 m3/s

TrHEE 0.001 m3/s

0,01 m3/s (0 m3/s-0,1 m3/s)

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

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

o VAR 2 Al ¢

LR 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.

MEE, WEMNE ErfH S AR E. R smRiEs e g, RS
Hi sl WIHEEP B SR, (AT & i B AT O R ) R i - 27

C.3.2.3  Orifice meter, refer to [SO 5167-2122],
FLER AT 2 W 1S05167-2.

C.3.2.4 Venturi meter, refer to SO 5167-4123],
LB, 2 W 1S05167-4

C.4 Airflow direction test and visualization

Maximum permissible error

C.4.1 Apparatus, materials and accessories for airflow direction test and visualization, see
Tables B.1 and B.2. “Tiit 77 R AR BLAL F A 4% ¥t AIIG #F 2 L3¢ B.1 M1 B.2.

C.4.2 Thermal anemometer, see C.3.1.1.
A RE T, ZWC3.1.1

C.4.3 Three-dimensional ultrasonicanemometer, or equivalent, see C.3.1.2.
=#EESAET, BERE 200312

C.4.4 Aerosol generator. (il &4 3%

C.4.4.1 General #£id

Aerosol generators for tracers in flow visualization may also be referred to B.3.4. Some application
examples, such as particle generators and ultrasonic nebulizers are given below.

SRAT A REE S ER R ERIR A B R B34, —eii BT, s 74 u i R A Ak 2
k.

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

A EAE, ERSIER OEZ) , RS BRI (Pl DK 00 RemiE .

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

WES R, FEESER HE) . BmivE DI K/ L R ORI SIER .-
C.5 Recovery test B &l

C5.1 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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Yo = SR BE8 (LSAPC) « RITHEOIFIN & A~ 23 P UKL I 4 25 55 [F) 6 7 BLAR AU RLAS HUE .
Refer to ISO 14644-1[1),
Z L 1S0 14644-1.

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

SEBENR: b RIREEERIEN 0,1 pm-1,0 pum JEEFIFERL, RS Wik, 2. B4
R RSB 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:

AERRSEBREIE: —BORE, AET BL R P A BRI TSGR, R I 5 Bl Bk Oy sk iR R el
[ b s I S R N2

a) poly-alpha olefin (PAO) oil, 4 centistokes PAO; 5 a-#fif% (PAO) il
b) dioctyl sebacate (DOS); %5 —.[% —§§ (DOS)
¢) di-2-ethyl hexyl sebacate (DEHS); 22 g %@l (DEHS)

d) dioctyl (2-ethyl hexyl) phthalate (DOP?) (e.g. CAS No. 117-81-72); 402 —HEES (DOP) ({5411 CAS
% 117-81-7)

e) food quality mineral oil (e.g. CAS No. 8042-47-5); 1% s & 0" 4l (5l CAS %5 8042-47-5)
f) paraffin oil (e.g. CAS No. 64742-46-7); filfi ({#l01 CAS ‘5 64742-46-7)
g) microspheres with an appropriate diameter. FL{%i& 4 [ fBk

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

IR AE R, TR AR

C.5.4 Dilution system, equipment, in which the aerosol is mixed with clean air in a known volumetric
ratio to reduce concentration. MifE R4/ %, [HEREL D S5Ok L ER G L
FEAIRHRE .

C.6 Temperature test {2 ENE

The temperature test should be performed using a sensor that has accuracy as defined in IS0 7726,28]
for example:

5 B AR FH 4 1S07726 FIT LRk R B 43k
a) expansion thermometers; #EZAKGIE
1) liquid expansion thermometer; ¥{fil {4 £ B2 B i FE 1
2) solid expansion thermometer; [ 4 #4B i i A T
b) electrical thermometers; H1-fi & it
1) variable resistance thermometer, including; 7] 2% LB & i, ALFE
«  platinum resistor; $1H

! In certain countries, the us e of DOP for filter testing is discouraged on safety grounds. fEf745[H %, T4 418,
Ak b T o e A% W B b Y DOP.

?CAS No., Chemical Abstract Service Registry Number, substances have been registered in Chemical Abstract,
issued by American Chemical Societyl1%]. CAS 5, {b4Fwiii % il , CELF i g i mb S hik o2
pa e TR
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» thermistor; # i {

2) thermometer based on the generation of an electromotive force (thermocouple); 4t plt B
PR T (GAfE)
¢) thermomanometers (variation in the pressure of a liquid as a function of temperature). #4J% /)4
G & 240 i R R 0

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.

T BUERE S VR ETE B 2 B 22 5, (XA CGR M I & 7 B A SO VRIR FE T Y 20%.
NOTE The requirement of range, accuracy, etc., depends on the purpose of the cleanroom or clean zone.
i TEER . MR BRI T g A B v X R i .

ISO 7726!28] is for a general purpose.

1507726 Rl F—#tHliE.

C.7 Humidity test il &

Humidity tests sheuld be performed using a sensor that has accuracy appropriate to the measurement
as stated in 1SO 77260281,

T PR O L FH 9 £ 1507726 TSR 2440 Rk
Typical sensors are: #it 5435345 :
a) dewpoint hygrometers (e.g. psychrometer); # &S i1 O i F% BRIEE 1)
b) electrical conductivity variation hygrometer; i, 5 3 45 (4,18 & i1
1) lithium chloride hygrometer; fU{k % & it
2) capacitance hygrometer. HL75E &1t

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.

T e S VA B B2, AR (R S R & 03 A fo VR RE VS LY 20%.
NOTE The requirement of range, accuracy, ete., depends on the purpose of the cleanroom or clean zone.
Ve VEEE L R RS BRI T i ) 1 R g

[SO 7726 is for a general purpose.

1507726 FT—ftFik.

C.8 Installed filter system leakage test . &3 R4 MR

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.

SEBOEET, WESUEIA IR, PACRZ R (mg/m3) o SIFBOERE T
FHAT ) U Fe e A T b & . OGS FT R T il e s a5 e 7 1 %

The minimum requirements for the aerosol photometer are given in Table C.4.
IBBOLRETHRIRE K S W& C4.
Table C.4 — Aerosol photometer
R CA—UBBICET
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Item 11 B Minimum requirements B{EER
Measuring limits 0,000 1 mg/m3 to 100 mg,/m3

ol 715 ] 0.0001-100 mg/m3

Resolution 0,000 1

I HEEE 0.0001

Maximum permissible error |10 % for the selected range

TV IR Z i i v B (1) 0.%

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

RERBESIR T (KRN B P RRRIL.
NOTE Sample probe inlet dimensions are detailed in B.7.2.2.
BRI O RS RS B 0 B.7.2.2.

C.8.2 Light-scattering airborne-particle counter (LSAPC), see C.5.1. JGHIS 7 UEF R 1T 4 ds
(LSAPC) , &l C5.1.

C.8.3 Aerosol generator, see C.5.2. “{iH %%, &0 C5.2.

C.8.4 Testaerosol source substances, see C.5.3. Wi AR IEF . 20 C5.3.

C.8.5 Dilution system, equipment, see C.5.4. it #4i, %% C54.

C.9 Containment leak test & [ it i i,

C.9.1 Light-scattering airborne-particle counter, see C.5.1. YU = U &iFH it &2 W C5.1.
C.9.2 Aerosol generator, see C.5.2 i lids 2 Il €5.2.

C.9.3 Aerosol source substances, see C.5.3. “({F IR 2 1L C.5.3.

C.9.4 Dilution system, see C.5.4. FifE H412: 1L C.54.

C.9.5 Aerosol photometer, see C.8.1. “UIE T2 €.8.1.

C.10 Electrostatic and ion generator test § LB T & & 285015

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.

Ak, AT
The minimum requirements for an electrostatic voltmeter are given in Table C.5.
e A R R IR SR 2 LK C.5.
Table C.5 — Specification for electrostatic voltmeter

® C5—H R BERRE

i

Item 1 B Minimum requirements % E R
Measuring limits +(1-20) kV

il &5 30 +(1-20) kV

Resolution 10V (1 kV-20kV)

LEika 10 V (1 kV-20 kV)

Maximum permissible error |10 % of reading

pIRAS PN L E) 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.
TOBH BRI, s IR ANt o e s D 2 TELUAC ) R0 2 B A RO P 0 2 b LR A )
BH.

The minimum requirements for the high resistance ohm-meter are given in Table C.6.
i PHL 3R B i (IR Rk AR G
Table C.6 — Specifications for high resistance ohm-meter

R C.6—mFHER AR IRHE

Item A Minimum requirements (R ER
Measuring limits PR 1000 2 to 20 G 10000 % 20 GO
Resolution g ES 0,01 MQ 0.01 MQ
Maximum permissible error |[BRFVFRAE |5 9% of each full scale it %1 E (1 5%
Test voltage e R DC 100 V to 1 000 V E{{ii 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.

SRR N EE, E AR BB P R PR 7S BRI B8 ) B R R WA €7
Table C,7 — Specifications for charged plate monitor

R C.7—F AR MR

Item T H Minimum requirements R ER

Measuring limits i e PR P 45 kV 5 KV

Resolution Vi E 0,1V (<100V) 1,0V (>99 V) 0.1V (<100 V) 1.0V (=99 V)
Maximum permissible error [BRKFITIRZE |5 % of full scale i %I L) 5%

C.11 Particle deposition test I 7T FF il i,

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

RN, BRI R R R A, AT B R R
a) micro-porous membrane filters;
T FLAR L d1E 2
b) double-sided adhesive tape;
A Il e it
c) petridishes;
B BB m
d) petri dishes containing a contrasting colour (black) polymer, such as polyester resin;
FAXNEGIE CRE) RV EICREFRIL, wREH IR
e) photographic film (sheet);
ez Fr
f)  microscope slides (plain or with evaporated metal film coating);
RSB EEN CER AR ERBRERD

g) glass or metal mirror plates;
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W ERe A

h) semiconductor wafer blanks;
SR YAy

i) glass photo mask substrates;
WA CHEAIE Jy

j) transparent plastic plate.
%5 W] S 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.

AR £ 2 1 e BE S 5 R B RE - BORLAZ IS, fRIEKE T 5% TE R ik a4 LI A Rl R i e o
1o KA BN EF B ZEE 2 F I B B AR . 3 WA R L TE 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 pm)
and macro particles (larger than or equal to 5 pm).

A0 70 2R 25 T 36 ) 5 A ) 2 TP P i I R R R U1 (R U P AR AR AR B ek R H R . kT
TR W AT 4 e SR K IE B A RLAE (0.1-5.0 um) FIRKLF (K F4T Sum)

Table C.8 — Particle deposition measurement by surface analyser

F C.8—RE AT ER U

Item mH Minimum requirements B{IEER
Measuring limits i & R RE Surface number concentration: | [ $ & f 1,1‘[‘"12 to
1/cm’ to 106/cm? 106/cm’?
Particle size: 0,1 pmtoSpm  |i4%. 0.1 pmto 5 um
Resolution IR Particle size: 0,1 pm ¥i4%: 0.1pum
Maximum permissible  |[fg ) ftiTin#  |Particle size: 1 pm i 1um
lerror

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

& CO—KB TR E R T

[ltem 5 H Minimum requirements S E R

Measuring limits ] et IR Area coverage: 1 m*/ m* to 5 000 |fii#!: 1 m* m’to 5000 10-8
106 m*/ m* m?/ m’
Particle size: =5 to 2500 pm Fife: 25to 2500 um

Resolution TR Area coverage: 10 106 m*/m*®  |@#!: 10108 m*/ m*
Particle size: 10 ym Fife: 10 pm

Maximum permissible|ff; & o ¥Fi% 7% |Area coverage: 20 106 m*/m*  [fiBl: 20108 mY m*

error Particle size: 20 um FifE: 20 um

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

ar P R T

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.

R IR AR R E R, T I R R AR IR T I S U, A EEE R TR
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C114

C.11.5

C.11.6

¥ UUREE¥ 5 RTITREAE S B R A DT RERL R 5
Calibration is carried out by fluorescent particles 4pum and 10 pm or polystyrene microsphere of 90
um and 45 pm nominal. Measured area is <2 cm’.

FH 4 um 10 pm BI5EGHF 64 SORLEE 90um AT 45um (158 4 L0 kB IE . w0 i #2

<2em’.,

Surface particle counter, to measure the number (and size) of single particles deposited on a
surface by scattered light.

RR T s, RO ETTRER @ AR E () .

Measured area is 0,2 cm”to 3 ¢ m”. Measured area can be increased by scanning. Size
resolution is 0,1 pm to 25 pm depending on selected optical system.

BNEALA 0.2-3em’, BEMIEB B IR N, REATIE R RGEAR, BESHERN
0.1-25 pm.

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.

B oobeETt, w0 BRSNS ER T8 E SR, B iR gt e . AR TE S
FAH SR X I AT AR R A . ARIE R A B S R AN R R I () AT
BRIk

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 em” 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.

pire ey AN 3RO R R oR = ¢ TR L G iU i e et e o ST wt AR R N vl o A L
HIAFIA 10-100em®. F#F GCEA K EBUL 60 em® & . WKL HH EL2=20 pm MIBLF . RIF
TUBRES R LB ACE 4T .

C.12 Segregation test & 2 #4313,

C.12.1 Light-scattering airborne-particle counter, see C.5.1. J¢H = &iFH T 538, &1 C5.1.
C.12.2 Aerosol generator, see C.5.2. “(iH B2 i, &0 C5.2.

C.12.3 Aerosol source substances, see C.5.3. “UiFRIE T, Z W C.5.3.

C.12.4 Dilution system, see C.5.4. Bt 541, Z L C54.
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