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Foreword

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

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

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.

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.

NOTE Not all cleanroom parameter test procedures are shown in this document. Thepprdcedure and
appgratus for the test carried out for the air cleanliness classes by particle concentration and-foh magroparticles
are [provided in ISO 14644-1,[11 and specifications for monitoring air cleanliness by- ndnoscple particle
congentrations are provided in ISO 14644-12.[8] The procedures and apparatus to characterize other parameters,
of cpncern in cleanrooms and clean zones used for specific products or processes,tare discussegl elsewhere
in other documents prepared by ISO/TC 209 [for example, procedures for control ‘dnd measuremgnt of viable
matkrials (ISO 14698 series), testing cleanroom functionality (ISO 14644-4[31), and'testing of separative devices
(ISQ 14644-7[41)]. In addition, other standards can be considered to be applicable. Other cleanlingss attribute
levels can be determined using ISO 14644-8[31 (levels of air cleanliness b§-¢hemicals), ISO 14644-9[e] (levels
of syirface cleanliness by particle concentration) and ISO 14644-10!Z] (legels of surface cleanliness py chemical
con¢entration).

© IS0 2019 - All rights reserved v
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Cleanrooms and associated controlled environments —

Part 3:
Test methods
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1 [Scope

This document provides test methods in support of the operation for cleanrooms and-clez
me¢t air cleanliness classification, other cleanliness attributes and related controlled condit
Performance tests are specified for two types of cleanrooms and clean zones: those with uni
airflow and those with non-unidirectional airflow, in three possible occupahcy states: as-b
and| operational.

Theg test methods, recommended test apparatus and test procedures for determining pe
parpmeters are provided. Where the test method is affected by the type of cleanroom or
altgrnative procedures are suggested.

For|some of the tests, several different methods and apparatus are recommended to acg
different end-use considerations. Alternative methods net'included in this document can
agreement between customer and supplier. Alternative methods do not necessarily provide
megdsurements.

Thif document is not applicable to the measurement of products or of processes in cleanrd
Zongs or separative devices.

NOTE This document does not purportitpo.address safety considerations associated with its use (
when using hazardous materials, operations and equipment). It is the responsibility of the user of th
to eptablish appropriate safety and health practices and to determine the applicability of regulatory
priqgr to use.

2 |Normative references

There are no normative-references in this document.

3 |Terms and definitions

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

[SOlafid IEC maintain terminological databases for use in standardization at the following ac
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1 General terms

311

cleanroom

room within which the number concentration of airborne particles (3.2.1) is controlled and classified,
and which is designed, constructed and operated in a manner to control the introduction, generation
and retention of particles inside the room

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

© IS0 2019 - All rights reserved
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Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in the
air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be
specified and controlled.

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

humidity, pressure, vibration and electrostatic.

[SOURCE: 1
3.1.2

SO 14644-1:2015, 3.1.1]
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Note2toe
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[SOURCE: 1

3.1.3
installatid
cleanroom
treatment

[SOURCE: I

3.1.4

separative
equipment
the inside :

Note 1 to
enclosures,

[SOURCE: 1

3.1.5
resolution

|

hnd which is constructed and operated in a manner to control the introduction, genera
on of contaminants inside the space

ry: The class of airborne particle concentration (3.2.4) is specified.

ry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations irj
surface cleanliness in terms of particle, nanoscale, chemical and viable concentpations might als
d controlled.

try: A clean zone(s) can be a defined space within a cleanroom (3.1.1)-or might be achieved
evice. Such a device can be located inside or outside a cleanroom.

essure, vibration and electrostatic.

SO 14644-1:2015, 3.1.2]

n
(3.1.1) or one or more clean zones (3.1.2); together with all associated structures,
systems, services and utilities

SO 14644-1:2015, 3.1.3]

 device
utilizing constructional dnd dynamic means to create assured levels of separation betw
ind outside of a defined'vélume

entry: Some industry-specific examples of separative devices are clean air hoods, containg
plove boxes, isolatops and mini-environments.

SO 14644-7:2004, 3.17]

fion

the
O be

by a

ntry: Other relevant physical parameters might also be contfolled as required, e.g. temperature,

air-

een

hent

smallest clrange in a quantity being measured that causes a perceptible change in the correspongd

ling

indication

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.

[SOURCE: I
3.1.6

SO 14644-1:2015, 3.4.1]

sensitivity
quotient of the change in an indication of a measuring system and the corresponding change in a value
of the quantity being measured
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3.2 Terms related to airborne particles

3.21
airborne particle
solid or liquid object suspended in air, viable or non-viable, sized between 1 nm and 100 pm

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

3.2.2
count median particle diameter
median particle diameter based on the number of particles

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

3.2{3
mass median particle diameter
median particle diameter based on the particle mass

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.

3.24
parjticle concentration
number of individual particles per unit volume of air

[SOPRCE: ISO 14644-1:2015, 3.2.3]

3.2{5
pan];icle size
dianeter 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

Notg 1 to entry: For light-scattering airborne=particle instruments, the equivalent optical diameter i§ used.
[SOPRCE: I1SO 14644-1:2015, 3.2.2]

3.2/6
pa:lticle size distribution
cunpulative distribution pf\particle concentration (3.2.4) as a function of particle size (3.2.5)

[SOPRCE: ISO 14644=1:2015, 3.2.4]

3.2[7
test aerosol
gasgous suspension of solid and/or liquid particles with known and controlled size distripution and
congentration

3.3 Termsretated to air fittersanmd systems

3.3.1
aerosol challenge
challenging of a filter or an installed filter system (3.3.6) by test aerosol (3.2.7)

3.3.2

designated leak

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)

© IS0 2019 - All rights reserved 3
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3.3.3

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

3.3.4

filter system

assembly c

3.3.5
final filter

omposed of filter, frame and other support mechanism or other housing

filterinaf

3.3.6

installed flilter system

filter systeH
3.3.7

installed flilter system leakage test

test perfor
bypass lea
and leaks (

3.3.8
leak

<of air filter system> penetration of contaminants that exceed an expected value of downstr¢

concentratj

3.39

scanning
method foi
photomete
across the

3.4 Terr

3.4.1
air change
air exchar
rate expre
delivered i

3.4.2
measuring

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

nal position before the air enters the cleanroom (3.1.1) or clean zone (3.1.2)

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

med to confirm that the filters are properly installed by verifying ‘that there is absend
kage of the filter installation (3.1.3), and that the filters and the grid.system are free of def
B.3.8)

ion through lack of integrity or defects

disclosing leaks (3.3.8) in filters and parts of units, whereby the probe inlet of an aer
" (3.6.2) or a light-scattering airborne-particle counter is moved in overlapping strg
defined test area

hs related to airflow and other physical states

rate
ge rate
5sing number of-air“changes per unit of time and calculated by dividing the volume of
h the unit of titie by the volume of the cleanroom (3.1.1) or clean zone (3.1.2)

s plane

3.4.3

e of
pcts

e Im

hsol
kes

air

non-unidirectional airflow
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

[SOURCE: I

3.44
supply air

SO 14644-1:2015, 3.2.8]

volume flow rate

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
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3.4.5
total air volume flow rate
air volume per unit of time that passes through a section of a cleanroom (3.1.1) or clean zone (3.1.2)

3.4.6

unidirectional airflow

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

[SOURCE: ISO 14644-1:2015, 3.2.7]

3.417
uniformity of velocity
unidirectional airflow (3.4.6) pattern in which the point-to-point readings of velgeity (speed and
dirgction of airflow) are within a defined percentage of the average airflow velocity:

3.5| Terms related to electrostatic measurement

3.5{1
dis¢harge time
timg required to reduce the voltage to the level, positive or negative,'to which an isolated conductive
monitoring plate was originally charged

3.5)2
offget voltage
volfage that accumulates on an initially uncharged isolated conductive plate when that plate|is exposed
to an ionized air environment

3.5{3
static-dissipative property
cappbility for reducing electrostatic charge.on work or product surface, as a result of corjduction or
other mechanism to a specific value or nominal zero charge level

3.54

surfface voltage level
posjtive or negative voltage level of electrostatic charging on work or product surface, as ifjdicated by
use|of suitable apparatus

3.6 Terms relatedd@ measuring apparatus and measuring conditions

3.6{1
aerpsol generator
apppratus capable of generating particulate matter having appropriate size range (e.g. (0,05 um to
2 pim) at acoristant concentration, which can be produced by thermal, hydraulic, pneumatic, pcoustic or
eledtrostatic means

3.6:2
aerosol photometer

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

3.6.3

airflow capture hood with measuring device

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

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=ab74bd5476b40ac41eded62d2968815b

ISO 14644-3:2019(E)

3.6.4
LSAPC

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

Note 1 to entry: The specifications for a particle counter are given in ISO 21501-4.

[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.]

3.6.5

witness plate
material of defined surface area used in lieu of direct evaluation of a specific surface that\is eit

inaccessib

3.7 Terr

3.71
as-built
condition v
functionin

[SOURCE: ]

3.7.2
at-rest
condition ¥

or too sensitive to be handled

hs related to occupancy states

vhere the cleanroom (3.1.1) or clean zone (3.1.2) is complete with all services connected
b but with no equipment, furniture, materials or personnel present

SO 14644-1:2015, 3.3.1]

vhere the cleanroom (3.1.1) or clean zone (3.1.2)\Is complete with equipment installed

operating in a manner agreed upon, but with no personnel present

[SOURCE: I

3.7.3
operation

SO 14644-1:2015, 3.3.2]

hl

agreed comdition where the cleanroom (3:1.1) or clean zone (3.1.2) is functioning in the speci

manner, w

[SOURCE: I

th equipment operating and with the specified number of personnel present

SO 14644-1:2015, 3.3.3]

4 Test procedures

4.1 Cleanroom tests

4.1.1 Ge

neral

her

and

and

fied

ISO 14644

UY shall be carried out in order to r]acmfv acleanroom or clean zone hv airborne pak

icle

concentrat

NOTE

ion. Additional cleanliness attributes should be chosen if required (see Table 1).

attributes, guidance on evaluating the test data and specifications for test apparatus.

Table 1 — Cleanliness attribute tests for cleanrooms and clean zones

Each standard contains specifications for test methods based on the characteristics of specific

General description

Referenced in

Levels of surface cleanliness by particle concentration

1SO 14644-9l6l

Levels of air cleanliness by chemical concentration

1SO 14644-8[5]

Levels of surface cleanliness by chemical concentration

I1SO 14644-10(7]

Monitoring air cleanliness by nanoscale particle concentration

SO 14644-12(8]

6
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4.1.2 Supporting tests

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.

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

Table 2 — Supporting tests

. Reference in ISO 146443

Supporting tests —
Principle Procedure Apparatus

Air|pressure difference test 4.2.1 B.1 a.2
Airflow test 4.2.2 B.2 a3
Airflow direction test and visualization 4.2.3 B.3 d4
Redovery test 4.2.4 B.4 a5
Termperature test 4.2.5 B.5 a6
Humidity test 4.2.6 B.6 a.7
Insfalled filter system leakage test 4.2.7 B.7 a8
Conjtainment leak test 4.2.8 B.8 d9
Eleftrostatic and ion generator tests 429 B9 clio
Parfticle deposition test? 4.2.10 B.10 Cl11
Segregation test 4211 B.11 ci2
NOTE These supporting tests are not presented in order of importance or chronological order. The order iff which tests
are|performed can be based on the requirements of a specific document or after agreement between the chistomer and
supplier.
a | The particle deposition test canalso be considered a test for cleanroom performance in the operational sthte.

4.2| Principle

4.211 Air pressuredifference test

The purpose ofthe air pressure difference test is to verify the capability of the cleanroom airffmovement
sysfem to miaintain the specified pressure differential between the cleanroom and its surjroundings.
The air pressure difference test should be performed after the cleanroom has met the pcceptance
criteriag\for airflow velocity or air volume flow rate, uniformity of velocity and other appligable tests.
Detpil®of the air pressure difference test are given in B.1.

4.2.2 Airflow test

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.

© IS0 2019 - All rights reserved 7
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4.2.3 Airflow direction test and visualization

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.

4.2.4 Recovery test

The recovery test is performed to determine whether the cleanroom or clean zone is capable of

returning

oa cpnrifipd cleanliness level within a finite time after hning nvpncnd hripﬂy toa source of

airborne p
for this teg
cleanroom

4.2.5 Te

The purpo
period spe

4.2.6 Hu

The purpo
within the|
Procedure

4.2.7 Ins

These test}
by verifyin
defects (sn
frameworK
performed
filters and

4.2.8 Co

This test i

hrticulate challenge. This test is not recommended for unidirectional airflow. The proceg
t is given in B.4. When an artificial aerosol is used, the risk of residue contamination"of
or clean zone should be considered.

mperature test

be of this test is to verify the air temperature levels are within the controhlimits over the

Cified by the customer for the area being tested. Procedures for these tests are given in B.5

midity test

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

talled filter system leakage tests

ure
the

ime

o1

are
ted.

are performed to confirm that the final higlrefficiency air filter system is properly installled

g the absence of bypass leakage in the air filter installation, and that the filters are fre
hall holes and other damage in the.filter medium, frame, seal and leaks in the filter b
). These tests are not used to determine the efficiency of the filter medium. The tests
by introducing an aerosol challénge upstream of the filters and scanning downstream of

support frame or sampling in.a downstream duct. Leak detection methods are given in B.

ntainment leak test

performed to detérmine if there is intrusion of unfiltered air into the cleanroom or c}

zone(s) frgm outside the cleanroom or clean zone enclosure(s) through joints, seams, doorways

pressurize

4.2.9 Ele

The purpo

H ceilings. The'procedure for this test is given in B.8.

ctrostaticand ion generator tests

e of
ank
are
the
7.

ean
and

se/0f ‘these tests is to evaluate electrostatic voltage levels on objects, static-dissip

properties

ive

ofmaterials and the performance of ion generators (i.e. ionizers) used for electrostfatic

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.

4.2.10 Particle deposition test

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.
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4.2.11 Segregation test

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

rformed;

(including
1 sampling

ssification,

Hepartures
certificate;

5 Testreports
The result of each test shall be recorded in a test report, and the test report shall include the following
information:
a) |the name and address of the testing organization, and the date on which the test was pe
b) |areference to this document (ISO 14644-3:2019);
c) |clear identification of the physical location of the cleanroom or clean \zohe tested
reference to adjacent areas if necessary), and specific designations for céordinates of a
locations;
d) [the specified designation criteria for the cleanroom or clean zoné€including the ISO cla
the relevant occupancy state(s), and the considered particle sizg(s);
e) |the details of the test method used, with any special conditions relating to the test or
from the test method, and identification of the test apparatus and its current calibration
f) |the test result, including data reported as specifically required in the relevant clause ¢f Annex B,
and a statement regarding compliance with the claimed designation;
g) |any other specific requirements defined relevant to the clause of Annex B for particular

tests.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ab74bd5476b40ac41eded62d2968815b

ISO 14644-3:2019(E)

A.1 General

Annex A
(informative)

Choice of supporting tests and checklist

Special ca

zone or controlled zone performance.

should be taken when determining the sequence for carrying out tests for cleanroom; cl

ean

The selection and sequence of tests should be determined between customer and supplier and shquld
detect nonfompliance at the earliest stage possible and not compromise other tests ifirthe sequence
A.2 Test checklist
Table A.1 provides a checklist of tests and apparatus.
Table A.1 — Checklist of supporting tests
Selection of | Testprocedure | Testpro- | Selection Test apparatus Apparatus | Comments
test proceflure cedure of test ap- reference
and sequence? reference | paratusb
Air pressure dif- |B.1 Electronic micro- C.2.2
ference manometer
Inclined manometer |C.2.3
Mechanical differen- |C.2.4
tial pressure gauge
Airflow B.2 C3
Uniformity of B.2=232 Thermal anemometer |C.3.1.2
Vﬁlocllty within Three-dimensional C.3.1.3
tl €c eanroc;m oY ultrasonic anemome-
cleanzone (for; ter, or equivalent
unidirectional
airflow) Vane-type anemom- [C.3.1.4
eter
Tube array C.3.1.6
Supply airflow B.2.2.3 Thermal anemometer [C.3.1.2
Vel%‘flty (for | Three-dimensional C.3.1.3
‘:;Tﬂllf‘ctlona ultrasonic anemome-
7 TET, or equivalent
Vane-type anemom- |C.3.1.4
eter
Tube array C3.1.6
Supply air volume |B.2.2.4 Thermal anemometer [C.3.1.2
flow rate.meas- Three-dimensional C.3.1.3
ured by fll_ter ultrasonic anemome-
fac.e YEIOC_lty (for ter, or equivalent
unidirectional
airflow) Vane-type anemom- [C.3.1.4
eter
Tube array C31.6

10
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Table A.1 (continued)

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

Supply air volume |B.2.2.5 Orifice meter C.3.2.3
flow rate in air Venturi meter C3.2.4
ducts (for unidi- - -
rectional airflow) Pitot-static tubes and |C.3.1.5
manometer
Thermal anemometer [C.3.1.2
Supply air volume [B.2.3.2 Airflow capture hood |C.3.2.2 (|
flow rate meas- with measuring device N
ured at the inlet (]9
(for non- unidi- ('b .
rectional airflow W
installation) (;.Sx
. NJ
Supply air volume [B.2.3.3 Thermal anemomQ&‘r C.3.1.2
flow rate calcu- .
Three-dlmen’ nal C.3.1.3
lated from filter ultrasonic me-
face velocity (for ter, or eq_ﬁ\(v lent
non-unidirection- O
al airflow i) Vane@pe anemom- |C.3.1.4
et
Supply air vol- B.2.3.4 \QXfice meter C.3.2.3
ume flow rate s\\:"?/enturi meter C.3.2.4
in air ducts (for 4] - -
non-unidirection- \"Q Pitot-static tubes and |C.3.1.5
al airflow) QA manometer
L Thermal anemometer [C.3.1.2
O\
Airflow direction |B.3 O\‘ Tracers C4.4.1
and visualization \{:\' Thermal anemometer |[C.4.2
\\Q Three-dimensional  |C.4.3
N C) ultrasonic anemome-
Q‘ . ter, or equivalent
O Aerosol generator C44
OC) Ultrasonic nebulizer [C.4.4.2
K%) Fog generator C.4.4.3
R @*y B.4 Light-scattering C5.1
Q;% airborne-particle
VN counter (LSAPC
§ Aerosol generator C5.2
v Aerosol source sub-  |C.5.3
é stances
Bitutiomrsysten, €5+
equipment
Thermometer C.6
Temperature B.5 Expansion Thermom- |C.6 a)
eter
Electrical Thermom- |[C.6b)
eter
Thermomanometers |[C.6c)
Humidity B.6 Dewpoint hygrometer |C.7 a)
Electrical conductivity |C.7 b)
variation hygrometer
© IS0 2019 - All rights reserved 11
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Table A.1 (continued)

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

Installed filter B.7 C8
system leakage
Installed filter B.7.2 Aerosol photometer |C.8.1
system leakage Aerosol generator C.8.3
scan test with an
aerosol photom- Test aerosol source C.8.4
eter substances O
Installed filter sys-|B.7.3 Light-scattering C.8.2 Q'\J
tem leakage scan airborne- particle (]/
test with a LSAPC counter (LSAPC) X
Aerosol generator C.8.3 b‘b‘
Test aerosol source C.S%\O
substances A
Dilution system, %\4.8.5
equipment s(\
Overall leak test |B.7.4 Aerosol photgn;ngaa\r C8.1
of f_1lters mount- Light-scat . C8.2
e_d n ducFS or airborne>particle
air-handling units cour}t&LSAPC]
Ae@h‘ﬂ generator C.8.3
’%}st aerosol source c8.4
_-\Ysubstances
A‘\‘O Dilution system, C.8.5
(@) equipment (LSAPC
A method only)
Containment leak |B.8 AN ) Cc9
Light-scattering [B.8.2.1 . \J Light-scattering Cco.1
airborne-particle @ : airborne-particle
counter (LSAPC) O counter (LSAPC)
method C) Aerosol generator C9.2
(‘OC Test aerosol source C9.3
%\ substances
Q Dilution system, C9.4
& equipment
A@l photome- [B.8.2.2 Aerosol generator C9.2
% ethod Test aerosol source C9.3
’« substances
% Aereosolphotometer—E55
Electrostaticand [B.9 c.10
ion generator
Electrostatic B9.2.1 Electrostatic voltme- |C.10.1
ter
High resistance ohm- |C.10.2
meter
Charged plate monitor|C.10.3

12
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Table A.1 (continued)

equipment

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

Ion generator B9.2.2 Electrostatic voltme- |C.10.1
ter
High resistance ohm- |C.10.2
meter
Charged plate monitor|C.10.3
Particle deposition | B.10 Witness plate material |[C.IL.T
Wafer surface scanner |C.11.2
Particle fallout aero- |C.11.3
sol photometer
Surface particle €114
counter
Particle deposition C.11.5
meter
Optical particle depo- |C.11.6
sition moénitor
Segregation test A1 Lightiscattering C121
airborne-particle
counter (LSAPC)
Aerosol generator C12.2
Test aerosol source C.12.3
substances
Dilution system, C12.4

a Ih the boxes of column 1, test planners can nimber the selected test methods according to the tes

b Th the fourth column, test planners can.select test apparatus according to the test method selecte

sequence.
8

A.3
As §

minimum, testing should be carried out:

Planning for testingand verification

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

b) |at verification-during start-up;

c) |atverification after failures have been identified and rectified;
d) |at+erification after modification;

e) during periodic testing.

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.

© IS0 2019 - All rights reserved
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B.1 Air

B.1.1 Ge

The purpo
pressure

and clean
occupancy|
program a

B.1.2 Pr

It is recory
differentia

values

supply

cleanr
windo
the teg

the ain
extrac

The presst
room(s) sh

This will ifclude measurerhernt of the pressure difference between (a) classified room(s) connecte

the non-clg
To avoid p¢

a)

install

Annex B
(informative)

Supporting test methods

eral

e of this test is to verify the capability of the complete installation to maintain the speci

ifference between the cleanroom and its surroundings, and between separate cleanro
zones within the installation.[18] This test is applicable in each of the'three design:
states, and can also be repeated on a regular basis as part of a routine.facility monito
5 described in ISO 14644-2[2],

pcedure for air pressure difference test

hmended that the following items are confirmed before starting the measuremen
pressure between rooms or between rooms and outside‘areas:

and acceptable range of differential pressure between rooms should be defined;
air volume and balancing of the air handling unit'supplies are within specifications;

bom components that could impact the differential pressure between rooms such as do
ws, pass through, etc. should be closed:yPermanent openings should be kept open dut
t

handling system has been operated and the conditions have been stabilized;
Fion systems should be operating as agreed and specified.

re differences between each individual cleanroom, clean zone and the connected adja
buld be measured.

ssified surrounding environment.

ssible exroneous readings, the following should be considered:

htion 'of permanent measuring points;

fied
bms
ted

[ing

t of

Or's,
ring

fent

1 to

b)

influence the local pressure at the measuring point;

c)

rooms

B.1.3 Ap

should be confirmed by flow visualization methods.

paratus for air pressure difference test

2urn
may

when the measured differential pressure is lower than an agreed value, direction of flow between

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.

14
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4 Testreports

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

a)

type of tests and measurements, and measuring conditions;

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

c)
d)

cleanliness classes of the rooms considered;

e)

B.2

B.2

The
ratg
airf]
Mes:
to g
dow
air

cho

Wh
a)
b)

B.2

B.2

The
veld
by

poil

B.2

................ 7

occupancy state(s).

Airflow test

.1 General

purpose of these tests is to measure airflow velocity and uniformity, and supply air v
in cleanrooms and clean zones. Measurement of velocity distribution is necessary in uni
low cleanrooms and clean zones, and supply air volume flow,rate in non-unidirectional ¢
surement of supply air volume flow rate is carried out\to ascertain the air volu

'nstream of final filters or in air supply ducts; both methods rely upon measurement of
passing through a known area, the air volume flow rate being the product of velocity an
ce of procedure should be agreed between custenter and supplier.

bn measuring airflow velocity, the following.conditions should be considered carefully:
probe direction should be chosen appropriately with consideration of the airflow direct

measurement should be conducted-during sufficient time for repeatable readings and t
velocity or air volume flow rateshould be recorded.

.2 Procedure for unidirectional airflow testing

2.1 General

city can be méasured close to the face of the terminal supply filters, or within the room. ]
lefining the measuring plane perpendicular to the supply airflow and dividing it into
its (grideells) of equal areall8l.

2,25 ‘Supply airflow velocity

blume flow
directional
eanrooms.

supplied

e
he cleanroom or clean zone per unit of time. The supply air volume flow rate is meaglred either

velocity of
1 area. The

on;

he average

velocity of the unidirectional flow determines the performance of a unidirectional cleajiroom. The

his is done
measuring

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

ter face or

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):

N=+10xA4

© IS0 2019 - All rights reserved
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where

N
nu

A

mber);

is the measured area in mZ2.

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

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

calculated

from Formula (B.2):

V.=
where

%4

a
2V,
Vn
N

At least on

If the meas
velocity as

For smalle}
the likelihd

V) /N

s the average velocity in m/s;

s the sum of all the measured velocities (V) in m/s;

s the measured velocity at each of the grid cell centres in m/s;

s the number of locations at which the velocities (V,) weremnteasured.
b point should be measured for each filter outlet or fan-filter unit.

ured data is to be used to determine airflow volume flow rate as in B.2.2.4 or uniformit]
in B.2.2.3, then it can be advantageous to increase the number of measuring points (grid cqg

areas, it can be necessary to increase the number of measuring points (grid cells) to impf
od of detection of uneven airflow velocities.

3.2)

y of
11s).

ove

The measufring time at each position should besufficient to ensure a repeatable reading. Time-averdged

values of

NOTE1 1
due to varig
measureme

NOTEZ2 4

B.2.2.3 U

The unifor]
supplier.

NOTE \

If the supply airflow velocity is mmeasured too close to the source, there is a risk of measurement e

easured velocities should be recerded for multiple locations.

ble airflow distribution. If thessupply airflow velocity is measured too far from the filter face
ht reading can be compromised.

\ temporary barrier cah-be used to exclude disturbances to the unidirectional airflow.

niformity of-velocity within the cleanroom or clean zone

mity of velocity can be measured according to B.2.2.2 or as agreed between customer

Vhen'production apparatus and workbenches are installed, it is important to confirm that signifi

Fror
the

and

Cant

Qtions donot occur

airflow vari

The data to be used to determine the uniformity of velocity and maximum deviation, i.e. the velocity

and its var

iation, should be agreed between customer and supplier.

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

UV= [1

16

-(oc/ V)] x 100

(B.3)
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where

o isthe standard deviation;

v

, Is the average velocity.

The maximum deviation of velocity, D, .., is calculated with Formula (B.4):
Dmax = [(Vd B Va) / Va] x 100 (B.4)

whegre

s ..is the maximum deviation in %;

max

|4

, is the average velocity;

V; is the reading with most variance from the average.

B.2|2.4 Supply air volume flow rate calculated from the velocity.measurement

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

0=Y(V,xA) (B.5)
whgre
A. isthecell area whichis defined as the free area of the media divided by the number of|measuring

points (grid cells) in m?;

Q s the total air volume flow fate in m3/s;
V, isthe airflow velocity ateach cell centre in m/s;
Y. isthe summation for/all cells.
NOTE The accuracy©of the air volume flow rate, when calculated using this method can be inffluenced by

manjy factors, such as;-choice of test apparatus, choice of measuring locations, number of measuring points (grid
cell§), distance fromifilter face and calculation of open cell area.

B.2]j2.5 Supply air volume flow rate calculated from velocity measurement in air ducts

Suglgly air volume flow rate in ducts may be determined by using apparatus such as orifjce meters,
Venlturi meters, pitot static tubes and anemometers.

In cases of the measurement by pitot static tubes and manometers or anemometers (thermal or vane
type) for a rectangular duct, the measuring plane in the duct should be divided into measuring points
(grid cells) of equal areas, and then the airflow velocity should be measured at the centre of each
cell. The number of measuring points (grid cells) is agreed between customer and supplier. The air
volume flow rate should be evaluated in the same way as defined in B.2.2.4. For a circular duct, the air
volume flow rate by pitot static tubes may be determined by the procedure as typically described in
1SO 5167-5[24],

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.

© IS0 2019 - All rights reserved 17
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B.2.3 Procedure for non-unidirectional airflow test

B.2.3.1 General

In some cases, measurement of supply airflow velocity from individual outlets is necessary to determine
the air volume flow rate from each outlet[18],

B.2.3.2 Supply air volume flow rate measured using a capture hood

Because of the effect of local airflow turbulence and jet velocities issuing from an outlet, use of an airflow

capture ho
The supply
the air vel
opening of]
face of the
When an a
filter or su

The accurg
the type o
accurate. |
the differe

Also, in caf
flow type ¢

B.2.3.3 §

Evaluation
anemomet

DU that captures att of the air {ssuing from eactt fimat fitter or suppty diffuser isrecommen
air volume flow rate is measured using an airflow capture hood with a measuring devics
pcity of the air exiting from an airflow capture hood multiplied by the effective-area.

airflow capture hood should be placed completely over the entire filter or diffuser, and
hood should be seated against a flat surface to prevent air bypass and inaccurate readi
rflow capture hood with measuring device is adopted, the air volume flow rate at each f]
pply diffuser should be measured directly at the discharge end of the hoodx

cy of the airflow capture hood should be verified to show that it gives accurate results
air outlet being measured, and a correction factor should be applied if the results are

hce between the reference measurement in air ducts and the.air outlet.

e an air outlet is fitted with (swirl) diffusers the airflow e¢apture hood can be adapted for
f the diffuser.

upply air volume flow rate calculated by velocity measurement

br downstream of each final filter. The supply air volume flow rate is determined from

airflow velocity multiplied by the corrected (free) area of exit. A temporary barrier may be use

exclude dis

turbances to the unidirectional airflow.

For the nuber of measuring points (grid cells) and the calculation of supply air volume flow rate, r

to B.2.2.2 4

nd B.2.2.4, respectively.

If it is imp
velocity we

The accurg
many factc

bssible to divide the pldne into measuring points (grid cells) of equal areas, the average
ighted by area may be)substituted.

cy of the air volumie flow rate, when calculated using this method can be in influencec
rs, such as; ehoice of test apparatus, choice of measuring locations, number of measu

led.
P, OT
The
the
hgs.
inal

for
not

he correction factor is related to the flow. It corresponds to ancin situ check and is based on

the

of the supply air volume flow rate withoufcan airflow capture hood may be done with an

the
1 to

bfer

air

| by
ring

points (grid cells), distance from filter face and calculation of open cell area. Consideration should be

given to th

B.2.34 §

bse potefitial variations when performing this test.

upply air volume flow rate calculated by velocity measurement in air ducts

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

B.2.4 Apparatus for airflow tests

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.

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.

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
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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.

The apparatus chosen should have a valid calibration certificate.

B.2.5 Testreports

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

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

b) |type designations of each measuring apparatus used and its calibration status;
c) |measuringlocations and the distance from the filter face;

d) |occupancy state(s);

e) |result of measurement;

f) |other data relevant for measurement.

B.3 Airflow direction test and visualization

B.3l1 General

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

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

NOTE 2  Tracer thread methods may-hot'give a true indication of the direction of airflow due tp the tracer
matgrial’s characteristics, e.g. weight ofthe thread.

B.32 Methods
The airflow direction testand visualization can be performed by the following four methodsg:
a) [tracer thread méthod;

b) [tracer injection method;

c) |airflowvisualization method by image processing techniques;

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

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.

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.

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

NOTE1 The airflow is affected by other parameters such as air pressure difference, air velocity, and
temperature.
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NOTE 2

Appropriate airflow visualisation techniques best assess the effectiveness of air distribution in

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

non-unidire

ctional areas.

B.3.3 Procedures for airflow direction test and visualization

B.3.3.1 Tracer thread method

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 Tl"otr nrovida vicual indication of tha Airflaovs diraction and flactyqatione duo 0 +avrhalg
. 3 Prov ot —v ottt tr o ot e oYY e S eer S ot e o e r oot e ot oo

ce.

Effective li

B.3.3.2 T

The test i

and unifor
generated
glycol, etc.

The desire
Droplets s
not so larg
being obse

B.3.33 A

Processing
provides

bhting will aid observation and recording of the indicated airflow.

racer injection method

from materials such as de-ionized (DI) water, sprayed or chemically generated alco
The source should be carefully selected to avoid contamination of\surfaces.

carried out by observation or imaging of the behaviour of tracer particlés, which can be
illuminatedl by high-intensity light sources. The test provides information about the‘airflow direc
mity of velocity in a cleanroom, clean zone or controlled zone. The tracer particles can be

fion

nol/

d size of droplets should be considered when selecting the droplet generation met
nould be large enough to be detected with the availabledimage processing techniques
b that gravitational or other effects result in their motion diverging from that of the air
Fved.

irflow visualization method by image processing techniques

lantitative characteristics of airflow by.way of two-dimensional air velocity vectors in

area. The grocessing technique requires a digital computer with suitable interfaces and the appropn
software. For greater spatial resolution, devices'such as a laser light sources can be used.

B.3.3.4

The velocity distributions of airflew-¢an be determined by setting air velocity measuring appar
such as th¢rmal or ultrasonic anemometers, at several defined points in the cleanroom or clean
under invgstigation. Processing“of the measured data provides the information about the air
distributiop.

B.3.4 Apparatus uséd for airflow direction test and visualization

The appar
The appars

aluation of airflow distribution by measurement of velocity distributions

tus¢esuitable for each test method is given in C.4, Table B.1 and B.2.

,]‘but
low

a:)ne
low

od.

particle image data derived from the methed described in B.3.3.2 on video frames or fjlms

the
jate

us,

htus used for the airflow direction test and visualization is different for each test metlod.

able B.1 — Materials or particles used 1n tracer thread or injection methods

Item Description

Material us

ed in the tracer thread method Silk thread, cloth, etc.

Particulate

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

measuring location. Organic or inorganic test fog.

diameter. Bubbles of neutral density in the air at the

pictures or

Image recording devices for recording the visualized

Various devices, such as photographic cameras,

images of tracer particles video cameras, including high-speed or strobe or

es, used in flow visualization procedures.

synchronized functions and image recording devic-

NOTE

20

After flow visualization, it is generally necessary to re-clean the cleanroom or clean zone.
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Table B.2 — [llumination light sources for airflow visualization

Item Description

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

Image-processing technique for quantitative measure- |Laser light sheet method, consisting of high-power
ment by flow visualization laser sources (argon or YAG laser), optics including
cylindrical lens, and a controller, where two-dimen-
sional airflows are visualized.

B.3l5 Testreports

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

a) [type of tests, method of visualization and test conditions;
b) [type designations of each measuring apparatus used and its calibration status;
c) |visualization point locations;

d) |[images stored on photographs or any other recording media, or raw data for each mepsurement,
in the case of the image processing technique or the“tneasurement of velocity distrjibutions, if
specified;

e) |aplan of the exact location of all apparatus should‘dccompany the flow visualization replort;

f) loccupancy state(s).

B.4 Recovery test

B.4.1 General

Thip test is performed to defermine the ability of the installation to reduce the conceptration of
airjorne particles by dilutign;-€leanliness recovery performance after a particle generation gvent is one
of the most important abilitiés of the installation. This test is only recommended for non-unidirectional
airflow systems as thésecovery performance is based on the dilution and mixing of the air found in
nontunidirectional aixflow systems, and not unidirectional airflow systems, where contaa;ﬂlination is
renjoved by the uhidirectional flow of air. The recovery performance of a non-unidirectional|cleanroom
is affected by air{distribution characteristics such as ventilation effectiveness, thermal conditions, and
obsfructions. The recovery test can be performed using an LSAPC or an aerosol photometefr. When an
artificial derosol is used, the risk of residue contamination of the cleanroom or clean zong should be

conpidered.

B.4.2 Cleanliness recovery performance

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.
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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.

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

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 tp the overall air change rate in the cleanroom, the effectiveness of the ventilation system in provifling
clean air at fhe measuring location can be obtained.

B.4.3 Propcedure for recovery test

B.4.3.1 Sglection of measuring points

Place the LSAPC probe in the working plane at appropriate location(s) (whieh can include criflical
locations @r suspected worst-case locations). The measuring points and diinber of measuremegnts
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 w{ithout a diffuser.

B.4.3.2 Tlest method

Care shoulfl be taken to avoid high airborne concentrations-efparticles that can cause coincidence efror
and contarpination of the LSAPC optics. Before testing, calculate the concentration required to cqrry
out the reqovery test. If the concentration exceeds the;maximum concentration of the LSAPC, where
particle colncidence will occur, use a dilution system=Testing procedure:

a) set up|the particle counter in accordance with the manufacturer's instructions and the appargtus
calibrdtion certificate;

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

c) the clepnroom area to be examined should be contaminated with an aerosol while the air-hand|ing
units gre in operation;

d) raise the initial particle’ concentration to more than 10 or 100 times depending on the tafget
cleanliness level (s€e-Note 1);

e) commé¢nce medsurements at not more than 1 min intervals and record time and concentration.

f) The repults of the decay of the logarithm of the particle concentration should be plotted against tfime
to ensyrethat the results used are where the decay is exponential, i.e. the decay line is straight, fand
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.

NOTE1 The target cleanliness level can be either the design cleanliness level, the level established by testing
according to ISO 14644-1 at the at-rest condition, or an alternative agreed cleanliness level, assuming that the
level is at a point on the decay graph where the decay is exponential.

NOTE 2  Ifnecessary, 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.
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B.4.3.3 Evaluation by 10:1 or 100:1 recovery time
Evaluation procedure:

a) note the time when the particle concentration reaches the 10x or 100x target concentration
threshold (t;(, or t1g9,);

b) note the time when the particle concentration reaches the target cleanliness level, t,;

c)

the 10:1 recovery time is represented by ¢, ; = (¢, = t19,);

d) the 100:1 recovery timeis rpprpcpnfpd ]’\y to-or= (I‘n = fluun)

B.4{3.4 Evaluation by recovery rate

Recpvery performance can be determined from the slope of the particle concentration decreasing

curye, as follows:

a) |commence measurements and record time and concentration continueusly. Sampling tjme should
be as short as possible but sampling should be such that the count(has statistical relevlance. Time
intervals between the samplings should be as short as possible;

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

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

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 calcujated from
Formula (B.6):

1 C
r=-2,3% log -1 (B.6)
t1-t0 Co

where
Co is the higher congéntration at ¢;

C; is the lowegr-¢oncentration at ¢;.
r is theleanliness recovery rate;
t; -ty isthe time between measured concentration crosses C, and Cy;

NOTE The ventilation effectiveness of a critical location or locations in the cleanroom can be|determined

by qomiparing 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.

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.
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B.4.4 Apparatus for recovery test

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

described in C.5;

light-sc

attering airborne-particle counter (LSAPC), which has the efficiency described in C.5.1;

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

aerosol generator and artificially generated aerosol, which have the same characteristics as those

— thermemetes

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

B.4.5 Testreports

By agreemnt between customer and supplier, the following information and data sheuld be recor
as described in Clause 5:

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

b) numbdr and location of measuring points;

C) occupdncy state(s);

d) result pf measurement.

B.5 Temperature test

B.5.1 Geperal

The purpogpe of this test is to verify the capability of the installation to maintain the air temperat
level within the control limits and over the.time period agreed between the customer and supy
for the paiffticular area being tested. Referto 1SO 7726[28] and other related documents for detail

suitable te

bt methods.

B.5.2 Apparatus for temperature test

The tempe
for exampl

a)
b)
‘)

therm
resistg

therm

Fature test should.b@®performed using a sensor that has accuracy as defined in ISO 7726

-
.

bmeters;
nce température devices;

Stors.

ded

ure
lier
s of

(28]

The apparatus should have a valid calibration certificate.

B.6 Humidity test

B.6.1 Ge

neral

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.

24
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B.6.2 Apparatus for humidity test

Humidity tests should be performed using a sensor that has accuracy appropriate to the me
as stated in 1SO 7726[28],

Typical sensors are:
a) dielectric thin film capacitor humidity sensor;
b) dew point sensor;

c)

nsuchrometer
Py e oete

asurement

B.7 Installed filter system leakage test

WARNING — The aerosol challenge can provide an unacceptable particulate or
contamination within some installations. Some test aerosols can creaté-a safety haz
certain circumstances. This document does not address any safety issués associated
methods. It is the responsibility of the user to consult and apply appropriate safety
risk assessments and any regulatory limits prior to use of this document.

B.7.1 General

B.7|1.1 Methods

The
or |
byp
int
give

se tests are performed to confirm that installed filter systems with integral efficiency
igher at most penetrating particle size (MPPS):are properly installed by verifying the
ass leakage in the installation, and that the filters are free of defects (small holes and ot}
he filter medium, frame, seal and leaks in the filter bank framework). Portions of the te
n in B.7 have been adapted from IEST-RP-€C034.4[21],

Thd
leve
inty

1 of leakage, relevant to the cleanlinéss performance of the installation. The tests are pe
oducing an aerosol challenge upstream of the filters and scanning downstream of the
support frame or sampling in a'‘downstream duct. The test is applied to cleanrooms and ¢
in as-built or in at-rest occupational states, and undertaken when commissioning new clean
cledn zones, or when existing/installations require re-testing, or after the high-efficiency air
beeh replaced.

Twg¢ procedures for-filter systems with ceiling, wall or apparatus mounted filters are d¢
B.7.p and B.7.3. Ayprocedure for duct mounted filters is described in B.7.4. The apparatus an
are|different, Wwith the method described in B.7.2 measuring a mass concentration using
photometerfand the method described in B.7.3 measuring numbers of particles using a LSAP

B.7|12 ™ Aerosol photometer method

molecular
ard under
with these
practices,

of 99,95 %
absence of
er damage
5t methods

se tests are not used to determine the-efficiency of the filter medium. The leak test establishes the

Fformed by
filters and
lean zones
rooms and
Filters have

pscribed in
d methods
an aerosol
C.

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

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

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.

NOTE The aerosol photometer method can require a higher upstream aerosol concentration, when compared

to the LSAPC method.
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B.7.1.3 Light-scattering airborne-particle counter (LSAPC) method

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

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

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.

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,

orwithin automated adanted L SAPC instruments
r

NOTEZ2 1

B.7.2 Pr

B.7.2.1 G

Preparator
test proced

B.7.2.2 D

It is desirable to choose a probe which has a rectangular inlet.in sizes of

or a circul
expressed
centimetrg

B.7.2.3 D

The probe

B.7.2.4

'his method can also be used with oil-based aerosol where outgassing can be tolerated.

pcedure for installed filter system leakage scan test with an aerosol photometer

eneral

y 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,
ure itself in B.7.2.7, and repair actions are to be found in B.7.6[1Z][48}{21],

etermination of probe size

D,=1cmand W, =8
ar probe of diameter D, = 3,6 cm. D) is the probe dimension paraﬁel to the scan cﬁrect
In centimetres; W, is the probe dimension perpendicular to the scan direction, expresse
S.

etermination of scan rate

traverse scan rate, S,, should be approximately 5 cm/sl21].

cceptance criteria

While scajning, any indication of a leakiequal or greater than the limit which characterizes a designs

leak shoul

| be cause for holdingthe’probe at the leak location. The location of the leak should

identified by the position of theprobe that sustains the maximum reading on the aerosol photomet

A leak det

maximum
and less th

If filter sy
acceptance

ected in excessof\0,01 % of the upstream mass concentration is deemed to exceed
hllowable penethation. However, for filter systems of an integral efficiency at MPPS 2 99,9
hn 99,995 % the acceptance criterion is 0,1 %.

stems of ah integral efficiency lower than 99,95 % at MPPS are to be tested, a diffe
critérion are necessary, based on agreement between customer and supplier.

For actiong

the

cm
ion,
d in

ted
be
BT,

the
5 %

fent

to-be taken to eliminate detected leaks, see B.7.6.

B.7.2.5 C

hoice of upstream aerosol challenge

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

NOTE A guide to aerosol source substances is given in C.8.4.
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B.7.2.6 Concentration of upstream aerosol challenge and its verification

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

NOTE Not all photometers are capable of using 1 mg/m3 as the upstream challenge.

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.

The upstream aerosol concentration measurements taken immediately upstream of the filters should

not
ave
sen
agr

B.7

Pri
inst
filte

vary more than 15 % in time about the average measured value. Concentration§ low
Fage reduce the sensitivity of the test to small leaks, while higher concentrations in
Kitivity to small leaks. Further details as to how to conduct the air-aerosol mixing test
bed between customer and supplier.

2.7 Procedure for installed filter system leakage scan test

r to performing this procedure, the airflow velocity test (B.2)-should be carried (
allations are operated at different airflow velocities, the higliest level should be selec
r system leakage scan test. The test is performed by intt@ducing the specific challey

br than the
crease the
should be

ut. Where
ted for the
ge aerosol

upskream of the filter(s) and searching for leaks by scanningthe downstream side of the fjlter(s) and

thelgrid or mounting frame system with the photometer’s\probe as follows:

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. Dgwnstream
measurements is then displayed as percentage penetration of upstream concentration;

b) [the probe should then be traversed at a S¢an 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 dgwnstream
filter face or the frame structure;

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

d) |measurements of the(aerosol upstream of the filters should be repeated at reasopable time
intervals between and-after scanning for leaks, to confirm the stability of the challeipge aerosol
concentration (seé-B.7.2.6).

B.7.3 Procedure’for installed filter system leakage scan test with a LSAPC

B.7|3.1 General

Prepafratory 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. pcceptance

criteria in B73 4 and repair actionsin B76 An mmmplp of an npplir‘n‘rinn with evaluation is contained

in B.7.3.10.

This method has a two-stage approach:

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 Tj is described in B.7.3.8.2. The procedure for
stage 1 scan test is described in B.7.3.8.

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
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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.7.3.2 Determination of probe size

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):

D, x Wy=Q, /I

—

3.7)

where

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

Q,, is the sampling rate of the LASPC in cm3/s;
U is the filter face velocity in cm/s.
W, is the probe dimension perpendicular to the scan direction, in cm;

It is desiraple to choose a probe which has a rectangular inlet in sizés of D, =1 cm and W, =8 cm pra
circular probe of diameter D, = 3,6 cm. Recommended probe dimeéfisions are based on a sample flow
rate, Q,,, 010,000 472 m3/s (= 472 cm3/s, 28,3 1/min or 1 CFM).

If filter facg velocity is unusually high (>1 m/s), a smaller diménsion for the probe, D, can be calculgted

by use of Fprmula (B.7).
For a circujar probe, Formula (B.8) can be used to determine the value of Dp.

D, =2x+/ Do x Wy W (B.8)

D_ is the nominal probe dimension parallel to the scan direction, in cm;
Dy is the actual probe difa¢nsion (diameter), in cm;

W,

. is fhe probe overlap dimension perpendicular to the scan direction, in cm.

For a circular probe-efia 3,6 cm, diameter, Dp, is 2,54 cm.
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Figure B.1 — Circular probe,dimensions diagram

E In order to scan the target surface areagmost efficiently, it is necessary to select W as
h1 to Wp. In case of circular probe with a diameter of 3,6 cm, the most efficient Dp is 2,54 cm.

3.3 Determination of scan rate

a rectangular probe inlet size of Dp =1 cmand W]D =8 cm, the probe scanrate, S, is 5 cm

a circular probe inlet diameter of 3,6 cm, the probe scan rate, S, is 12 cm/s or less.

ere the upstream aeresol concentrations cannot be achieved, it is necessary to chang
. The scan rate, S{An cm/s can be determined by assuming the sampling rate of th

0 472 m3/s anddise Formula (B.9).

DP
S, =C . xPx0,000 472x—L
Np

re

Dp becomes

s or less.

e the scan
p LSAPC is

(B.9)

C

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

N, isthe expected median of particle counts that characterize a designated leak in particles;

p

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

B.7.3.4 Particle size to be counted and acceptance criteria

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

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.
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A leak detected in excess of 0,01 % of the upstream number concentration is deemed to exceed
maximum allowable penetration. However, for filter systems of an integral efficiency at MPPS = 99,9
and less than 99,995 %, the acceptance criterion is 0,1 %.

the
5%

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.

B.7.3.5 Expected number of particle counts

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

aN,valuepfOor1

The lower fonfidence limit will determine N,. It can be calculated with Formula (B.10).
N,=MN,-2,N, (B

where N, i$ the expected median of particle counts that characterize a designated leak of particles.

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

When N, =(0, Np is4,and when N, = 1, Np is 5,83.

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

B.7.3.6 oice of upstream aerosol challenge

An artificiplly generated polydisperse aerosol should be introduced into the upstream airflow
achieve th¢ required homogeneous challenge concentration. The count median particle diameterq

N,=(N,+2)+21+N, (Bl

10)

y to
for

this produftion method is typically between'@,I' um to 0,5 pm with a geometric standard deviatiop of

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

Alternativ¢ly, microspheres with an‘appropriate diameter can be used and an aerosol challenge.

Where an grtificial aerosol canhot be introduced, atmospheric aerosol should be used as the upstry¢
aerosol chgllenge.

NOTE guide to aerpsolsource substances is given in C.8.4.

B.7.3.7 ncentration of upstream aerosol challenge and its verification

The conce tratlon of the aerosol challenge upstream of the filter should be sufficiently high to ach

0,7

bam

the filter is determined with Formula (B.12): T

CCZprSr/(QstDpxPLJ (B.
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where
C. isthe challenge aerosol concentration upstream of the filter, in particles/ms3;
Dp is the probe dimension parallel to the scan direction, in cm;
P, isthe maximum permitted penetration of the filter installation to be tested at 0,3 pm.
Qys is the actual sample flow rate of the measuring apparatus, in m3/s;
S. isthe probe traverse scan rate, in cm/s;
Basged on the recommend probe size and scan rate as stated in B.7.3.2 and B.7.3.3, thelconce

aer

In most cases, generated aerosol should be added to the upstream aerosolchallenge ta

nec
req

Challlenge aerosol concentrations can be adjusted by changing: the probe scan rate

For]

Apq
aer
aer
and

The
not
ave
sen
agr

Wh
dur

B.7

B.7

Pri

inst
filte
ups

bsol challenge upstream of the filter can be selected by using Formula (B.12).

bssary high challenge concentration. To verify such high concentrations; a dilution sys
ired to avoid exceeding the concentration tolerance of the LSAPC (coincidence error).

mula (B.9).

ropriate measurements should be taken for verificatiofy of the homogenous mixing of

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

upstream aerosol concentration measuremeits taken immediately upstream of the fil
vary more than 15 % in time from the_average measured value. Concentrations lowy¢
rage will reduce the sensitivity of the test to small leaks, while higher concentrations if
Kitivity to small leaks. Further details ds to how to conduct the air-aerosol mixing test
bed between customer and suppliert

bn upstream aerosol concentrations vary over the time, these measurements should be
ing scanning for leaks in or@er to gain data for calculations with sequential downstream

3.8 Procedure foryinstalled filter system leakage test, stage 1 scan test

3.8.1 General

r to performing this procedure, the airflow velocity test (see B.2) should be carried

allations$.are operated at different airflow velocities, the highest level should be selec
r system leakage scan test. The test is performed by introducing the specific challer
trean of the filter(s) and searching for leaks by scanning the downstream side of the f

the

ntration of

reach the
em can be

by use of

the added

sol to the supply airflow. The first time a system is tested, it should be determined that sufficient

be defined

ers should
br than the
jIcrease the
should be

continued
counts.

ut. Where
ted for the
ge aerosol
Iter(s) and

rid or mounting frame system with the LSAPC probe as follows:

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

verify the aerosol concentration;

b) the probe should then be traversed at a scan rate not exceeding the value for S, stated in B.7.3.3,
using slightly overlapping strokes. The probe should be held in a distance of approximately 3 cm

‘)

from the downstream filter face or the frame structure;

scanning should be performed over the entire downstream face of each filter, the perimeter of each

filter, the seal between the filter frame and the grid structure, including its joints;

d) measurements of the aerosol upstream of the filters should be repeated at reasonable time
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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B.7.3.8.2

Measuring parameters for two scanning types

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.

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.

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

If the appa

If the app
is applicab|
(D, / Sp)

For reason

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

su

ty
ab|

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

su

ty
LS

if 1

B.7.3.9 Procedure for stationary ré=-measuring

B.7.3.9.1
The obsery

location shppuld be checkédby stationary re-measuring.

B.7.3.9.2

ratus can output the counts during very short periods in continuous measurement, an)
e. Absence of a leak is verified if the observed count is equal to or less than N -at the t

hble test conditions, the following two scanning types can be selected:

itable when the frequency of stationary re-measuring is predicted to be very small;
be (a) test requires lower concentration for upstream thantype (b);

sence of a leak is verified if the count is 0; the scanning test can be continued.

itable when predicted that stationary re-measuring may be necessary;

be (b) test requires higher concentrationfor upstream than type (a), however the influeng
APC count error is reduced;

he observed count is 0 or 1, absence of a leak is verified. The scanning test can be continy

General

ration of a parti€le‘count larger than N, indicates the potential presence of a leak, and

Detection of leakage by stationary re-measuring

a) Obsery

N, confitm an absence of leaks.

red‘counts smaller than N, [particles]: the observed counts for T, equal to or smaller f

Fatus is equipped to emit a sound for each count, leakage can be verified using this sound.

[ Na
ime

eof

led.

the

han

b)
measu

ring may be considered. If the observed count still exceeds N,

to have a leak.

B.7.3.9.3

Determination of measuring parameters for stationary re-measuring

Recommended sustained residence time, T, is 10s.

The number of particle counts that characterizes the designated leak,

stationary

N,.=C,

32

N,

4):

re-measuring, N,,, are calculated with Formulae (B.13) and (B.1

x Py x Qusx T, (B

Observed counts larger than N, [particles]: if the observed count exceeds N, stationary re-
N, the filter should be considered

and acceptable count at

13)
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(B.14)

ar pr pr
where
C. isthe challenge aerosol concentration upstream of the filter in particles/m3;
D, is the probe dimension parallel to the scan direction in cm.
N, isacceptable count at stationary re-measuring;
N, is the number of particle counts which characterize the designated leak;
P, isthe maximum permitted penetration of the filter installation to be tested at'0,3 pm;
Qs is the actual sample flow rate of the measuring apparatus in m3/s;
T. isthe recommended sustained residence time(s);
B.7]|3.10 Example of an application with evaluation

Examples of measuring parameters are shown in Table B.3. These tables give example pardmeters for

D 1

F 1 cm and W, = 8 cm with a scan rate S, = 5 cm/s, and a cir¢dlar probe with diameter 3)6 cm and a

p
scaprate S. =12 cm/s.
Table B.3 — Example of an application with evaluation
Measuring parameters Rectangular probe Circular pr¢be
(1 cm x 8 cm) (diameter 3,4 cm)
Scanning type type () | type (b) type (a) | fype (b)
Maximum allowable penetration of
Py the filter system to ble) tested 0,000 1(0,01%) 0,000 1(0,01%)
Nominal probe dimension pagallel to
DP the scan direction [cm] 1 2,54
S, Probe traverse scan rateffem/s] 5 12
Qs Sample flow rate of the measuring 0,000 472 0,000 477
apparatus [m3/s]
Expected numbegr of particle counts
that characterizes the designated
Ny leak corresponding to N, [counts] 4,0 583 4,0 5,83
- Stage.1
Acceppable count during T, at scan
N test [counts] - Stage 1 ’ 0 1 0 1
. | &[Challenge acrosol concentration | 453778814 | 617584746 | 400373682 | 583 544 642
Expected number of particle counts
during T, = 10 s in the sustained
Npr residence time that characterizes 200,00 291,50 188,98 275,43
the designated leak corresponding
to N, [counts] - Stage 2
Acceptable count during T, =10 s 171,72 257,35 161,48 242,24
N,. in the sustained residence time
[counts] - Stage 2 (rounded) (171) (257) (161) (242)
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B.7.4 Procedure for overall leak test of filters mounted in ducts or air-handling units
(AHUs)

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 3

NOTE1 1

The test is

dopntad
dopted-
'his test is not designed to cover exhaust HEPA filter systems.

performed by introducing the challenge aerosol upstream of the filters installed remoftely

to the cleajnroom or clean zone. The upstream particle concentration is first measured: The particle

concentrat
determine

The airfloy
Measurem
or B.7.3.7 (

Measurem

ion of the filtered air is then measured, and compared to the upstreang-¢concentratiop to
the total leakage or penetration of the filter installation[19],

v velocity test (see B.2) for initial qualification should be done prigr:te performing this fest.
ents of the upstream aerosol concentration according to B.7.2.6 (aerosol photometer metHod)
.SAPC method) should be taken first to verify the aerosol concéntration and homogenei

bnt of downstream aerosol concentration should be~earried out at locations where

homogenepus mixing has occurred. If homogeneous mixing does.not occur, a series of measurements

should be
of the filte
agreed bet

Measurem
be repeate

and B.7.3.7)).

Using a p}
measured
the measu

for each dgwnstream location measurement for the particle size used. Each downstream percent

concentrat]
customer 4

Repairs or
customer g

NOTE2 |
described i

aken at equally spaced locations in an agreed plane, between 30 cm and 100 cm downstr¢am
- This is a grid sampling method and the locationzand number of measurements should be
ween the customer and the supplier.

uld
2.6

bnts of the total aerosol challenge or particle concentrations upstream of the filters sh
1 at reasonable time intervals to confirm stability of the challenge aerosol source (see B.7

h is
fom
ted
age
een

jotometer, from the measured ;otal challenge or concentration, the local penetratio
hs percentage penetration for each downstream location measurement. Using a LSAPC, fi
'ed particle challenge concentration, the local percentage penetrations should be calculz

ion should be lower than the percentage concentration specified, or as agreed betw
nd supplier.

rectification of.l€aks may be made according to B.7.6 or by procedures agreed between|the

nd the supplier

or applications, where ducted filters are required to be leak tested by scanning, the methodd are

B.7.2 and'B.7.3.

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

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

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

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

B.7.5.4 Aerosol dilution system (see C.5.4).
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.5.5 Aerosol source substances (see C.8.4).

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

B.7.6 Repairs and repair procedures

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.

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

be qonsidered.

Det

Rep
cus

After the repair has been completed and a suitable cure time has been allowed, the leak sit

res

B.7

By
rec

a)
b)

c)
d)

e)

f)
g)
h)

i)

j)

ected leakage in filters, the sealant or the grid structure should be repaired.

fomer and supplier.

anned for leaks using the defined method.

.7 Testreports

greement between the customer and supplier, the following information and data
prded as described in Clause 5:

test method: aerosol photometer or light-scattering airborne-particle counter (LSAPC);
type designations of each measuring apparatus‘used and its calibration status;
specification of the filter;

any special condition or departures or'both from this test method and any special ]
agreed between the customer and the supplier;

measured upstream aerosol concentrations with their sample pointlocations and the cor
time of measurement;

sample flow rate; and foryLSAPC measurements, the particle size range;
calculated averagé&upstream aerosol concentration and its distribution;
calculated aceeptance criteria applied for the downstream measurements;

result of thé"downstream measurement for each clearly identified filter, area section or
location;

final result of the test for each defined location;

airs to filter or the grid support structure may be made using procedures agreed bg¢tween the

b should be

should be

brocedures

‘esponding

measuring

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.

B.8 Containment leak test

B.8

.1 General

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.
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B.8.2 Procedures for containment leak test

B.8.2.1 L

ight-scattering airborne-particle counter (LSAPC) method

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 106) particles/m3 at the particle size to be measured. If the

concentrat

ion is less, generate an aerosol to increase the concentration.

To check for leakage through construction ]01nts cracks or serv1ce condults scan inside the enclosure

at a distan

To check fq

Record an
concentrat

NOTE
supplier.

T

r intrusion at open doorways, flow visualization methods are recommended.

d report all readings greater than 1072 times the measured external aerosol part
ion at the appropriate particle size.

he number and location of test points for this measurement are as agreed between customer

B.8.2.2

;

rosol photometer method

e of

icle

and

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.

To check fo
of not more

To check fd
of 0,3 m to

Record anc

' leakage through the construction joints, cracks,or seams scan inside the enclosure at distz
than 5 cm from the joint, or seal surface to bétested, at a scan rate of approximately 5 cm

r intrusion at open doorways, measure‘the concentration inside the enclosure at a dist4
1 m from the open door.

| report all readings in excess of'0,01 % of the photometer scale.

B.8.3 Ap

A

B.8.3.1

B.8.3.2
as specifiec
of 0,5 pm o

B.8.4 Te

By agreem

paratus for containmentleak test
rtificially generated.aerosol source, as described in B.7.5, with a valid calibration certifig

ght-scattering airborne-particle counter (LSAPC), as specified in C.8.2 (or photom
in C.8.1) witha valid calibration certificate and a lower particle size discrimination capab
smaller;

5t reports

nce
S.

nce

ate;

ter,

lity

as described in Clause 5:

a)
b)
‘)
d)
e)

measu

36

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

data collection technique;

ring point locations;

occupancy state(s);

result of measurement.

ded
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B.9 Electrostatic and ion generator tests

B.9.1 General

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
deter 1111111115 theoffset vu}tasc oftsotated-monitot 1115 platca. Therestultsofeachmeasurenmnt indicate
thelefficiency of eliminating (or neutralizing) static charges and the imbalance between,thg amount of
genprated positive and negative ions.

B.9.2 Procedures for electrostatic and ion generator tests
B.9j2.1 Procedure for electrostatic test

B.9j2.1.1 Measurement of surface voltage level

The presence of positive or negative electrostatic charges on work’and product surfaces i measured
usimg an electrostatic voltmeter or fieldmeter.

Adjpst output of the electrostatic voltmeter or fieldmeter to zero by presenting the prgbe to face
a grounded metal plate. The probe should be held such-that the sensing aperture is parpllel to the
plafle at a distance according to the manufacturer's ii¥structions. The metal plate utilized fpr the zero
adjystment should be of sufficient surface area for, the required probe aperture size and prdper probe-
to-qurface spacing.

To fneasure the surface voltage, place andcold the probe near the object surface whose charge is to
be measured. The probe should be held it the same manner as for the zero adjustment. For a valid
megsurement, the surface area of anlobject should be sufficiently large, compared with|the probe
apefture size and probe-to-surface spacing.

Recprd the readout of the electkostatic voltmeter.

Theg measuring point or gbjeet selected for measurement should be determined by agreement between
the|customer and supplier

B.9]2.1.2 Measurement of the static-dissipative property

The static-dissipative property is evaluated by measuring surface resistance (resistande between
different positions on the surface) and the leakage resistance (resistance between the surface and
groiind).These values are measured using a high-resistance meter.

Surface_or Ipal(agp resistance is measured using electrodes that have appropriate ‘reight and

dimensions. These electrodes should be set at the correct distance from the surface during the
measurement of surface resistance.

Specific details of the test conditions should be agreed between customer and supplier.
B.9.2.2 Procedure for ion generator test

B.9.2.2.1 General
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

© IS0 2019 - All rights reserved 37


https://standardsiso.com/api/?name=ab74bd5476b40ac41eded62d2968815b

ISO 14644-3:2019(E)

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.

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.)

B.9.2.2.2 Measurement of discharge time

This measurement is performed using monitoring plates that are (isolated conductive plates) of known
capacitancg (p g 20 pF) Initially the mnnifm‘ing p]nfp is rhnrgpd to a known pasitive or npgativp vol age
from a power source.

The changg 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 tifvie'should be
measured fising an electrostatic voltmeter and a timer.

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

Discharge

Test point

B.9.2.2.3

Offset volt
isolated pl

Initially, the plate should be grounded to remove any.tésidual charge, and it should be confirmed

voltage on

The offset
becomes st

The accept
objects in
customer 4

fime should be measured for both negative and positive charged plates.

Measurement of offset voltage

hge is measured using a charged plate monitor mounted on an isolator. The charge on
ite is monitored by an electrostatic voltmeter.

the plate is zero.

voltage is measured by exposing the'plate to the ionized airflow until the voltmeter reac
able.

able offset voltage of an ion‘generator depends upon the electrostatic charge sensitivit
the work area. The acceptable offset voltage should be determined by agreement betw
nd supplier.

B.9.3 A

B.9.3.1
electrostat

B.9.3.2 H

1

aratus for elecfrostatic and ion generator tests

ctrostatic.voltmeter or electrostatic field meter, for measurement of the sur
c voltage-level for the electrostatic test;

igh! resistance ohm meter, for measurement of the static-dissipative property for

ocations and results for acceptance criteria should be agreedbetween customer and suppllier.

the

that

out

y of
een

face

the

electrostat

cltest;

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

This appar

atus is described in C.10. The apparatus should have a valid calibration certificate.

B.9.4 Testreports

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

a)

type of tests and measurements, and measuring conditions;

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

38
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c) temperature, humidity and other environmental data if relevant;
d) measuring point locations;
€) occupancy state(s);
f) result of measurement;
g) other data relevant for measurement.
B.10Particle deposition test
B.1{0.1 General
Thip test describes procedures and apparatus for measuring the particle deposition of pafticles that
depjosit from the air onto product or other critical work surface in a cleanregm or clear zone. The
number of particles that deposit onto a given test surface area such as a witné€ss plate, in a given time,
arelsized and counted using optical microscopes, electron microscopes, surface scanning agfaratus, or
real-time particle deposition rate detection device to obtain the particle deposition rate data. Particle
depjosition rate data should be reported in terms of mass, particle arédor number of particles per unit
surface area per unit of time.

B.1j0.2 Procedure for particle deposition test

B.1D.2.1 Collection of particles on witness plates

Theg witness plate, which should be at the same electrical potential as the test surface, is plpced in the

sanje plane, and adjacent to the at-risk surface duting the operational state. The at-risk surfgce is at the

locgtion of interest. The following procedures-and methods should be followed when manipylating and
collpcting particles on witness plates or another test surface:

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

b) |identify each witness plate‘and clean to reduce the surface particle concentration to|the lowest
possible level. Determiné the background concentration of particles on each witness pllate before
exposure;

c) |maintain 10 % of-the witness plates as controls. These should be handled in exactly the same
manner as theteSt witness plates;

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

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

f) 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;

g) 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;

h) cover and collect the exposed witness plates after exposure and store in closed containers to

protect from further contamination.
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B.10.2.2 C

ounting and sizing collected particles

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.

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

a) optical light microscope with a calibrated linear or circular graticulate;

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

c) surfac

When usin|

a) count
plates
diame

b) subtra

c) calculs
numbe

calculg

Where multiple test results are obtained, record the mean PDR yalue at each location and, if appropri

its standan

B.10.3 Apparatus for particle deposition test

Various ap

These fall into the following categories:

a) lightm
b) electrg
c) wafer

d) PDRdq
e) real-ti
When cho

detect parf

sample col

e scanner using size calibration information supplied by the manufacturer.

b a witness plate, the PDR can be calculated as follows:

and categorize them in appropriate particle size ranges, based on the cumulative part
ers;

ct the values of the initial cleanliness of the witness plate from each test result;

te the net concentration in a given unit of measurement of suyrface area, and calculate
r that will deposit in a given time. When appropriate measurement units are used,

d deviation.

paratus may be used for counting and sizing particles that have settled onto a test surf]

icroscopes (particles larger than'exequal to 2 um);

n microscopes (particles larger-than or equal to 0,02 pm);
burface scanner (particleslarger than or equal to 0,01 pm);
rtection device (particles larger or equal to 5 pm);

me PDR measurement device (particles larger than 15 um).

sing the ceunting and sizing apparatus, consideration should be given to the suitabilit
icles in.the relevant size range. Other factors to be considered include the time required
ection and analysis. The apparatus used should have a valid calibration certificate.

hnd size the particles on the measurement area of the witness plates, including the conftrol

icle

the
this

tion yields a PDR in terms of the number of particles depesited per square metre per secdnd.

ate,

Ace.

y to
for

B.10.4 De

termination of sampling time and surface area

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)]:

AxT>

where

20 (B

A s the area of exposed surface;

T isexposure time.

40

15)
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0.5 Test reports

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

a) type of tests and measurements, measuring conditions, and occupancy state;
b) type designations of each measuring apparatus used and its calibration status;
c) measuring point locations;

d) result of measurement.

B.1|1 Segregation test

B.1

Thi
a sy
are
isp
refe
pro
ass

Thi
the
con

NO1l
pro

B.1

B.1

[1.2.1 Generation of reference concentration

1.1 General

5 test describes the procedures and apparatus required for assessment, 6fythe protecti
ecific segregating airflow. Testing can be either across a doorway oracross the perin
h with a higher classification or a specific purpose different than the surrounding are
erformed by generating an airborne aerosol in the lesser classified area, measuring
rence concentration and counting the particle concentrationtjust across the perimg
fected area. The test can be performed at various selected, locations along the perim
pssment.

5 test should be preceded by a classification of air by particles test in the surroundingg
protected area to determine the baseline particle‘concentration level. The challengi
centration should be of sufficient level to be able.te%dssess the protection factor.

E Airflow direction test and visualization®can be performed to identify the perim
ected area.

1.2 Procedure

Ve effect of
heter of an
. The test
this as the
pter in the
eter under

as well as
hg particle

eter of the

To ¢hallenge the protective @irflow in the surroundings, a sufficient number of particleg should be

generated. Recommended test aerosol particles are described in C.5.3. The mean particle sizg should be

0.5 pm and greater unless'an alternative size is agreed between customer and supplier.

In grder to be sufficient, the following should be considered:

a) [verify that™al cleanroom systems are functioning correctly, in accordance with |an agreed
occupancy'state;

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 coj

jcentration

within tha nratnctnd 2onmn Thic anticinatnd conecnmtration chanld A+ lnact ha 10 +imnnc +
............ e-protecteaZone—HSahaeipatea concentrato RS0t aat1eaStBe—=o+tHREeS

count in the point to be verified.

B.11.2.2 Equipment geometry

the baseline

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.

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.
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B.11.2.3 Procedure of measurement
a) The sample times should be determined based on [SO-14644-1:2015, A.4.4.

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.

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

NOTE A dilution device can be required when measuring the high concentration.

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

B.11.2.4 Galculating the protection index
The protedtion index is calculated with Formula (B.16):
Pl = -log (Cx/Crer) (B{16)

where

Cres [s the reference particle concentration, expressed in p/m?for particles 20,5 pm (challgnge
concentration) of the nearest reference particle countet.(guidance value: >5 x 106/m3).

Cy s the average particle concentration at measuring@point x, expressed in p/m3, for partigcles
>0,5 um;

PIy s the protection index;

B.11.3 Test reports

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

a) designption of the type of each-measuring apparatus used and its calibration status;
b) data c¢llection technique;

) measuLng point locatiens;
d) occupgncy state(s);

e) result pf measurément.
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