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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-goverwmmmmmmm
n (IEC) on all matters of electrotechnical standardization.

Internationdl Electrotechnical Commissio

Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’2.

The main t
adopted by

Internationgl Standard requires approval by at least 75 % of the member bodies casting a-vote.

Attention is
rights. ISO

ISO 14644
environeme

ISO 14644
environmen

— Part1:
— Part 2:
— Part 3:
— Part4:
—  Part 5:
— Part7:
— Part 8:
The followin

— Part 6:

sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting.."Publication ag

drawn to the possibility that some of the elements of this document may be the subject of pa
shall not be held responsible for identifying any or all such patent rights.

nts.

consists of the following parts, under the general title Cleanrooms and associated contrg
ts:

Classification of air cleanliness

Specifications for testing and monitoring te:prove continued compliance with ISO 14644-1
Test methods

Design, construction and start-tp

Operations

Separative devices(clean air hoods, gloveboxes, isolators and mini-environments)
Classification.of airborne molecular contamination

g part istunder preparation:

Viocabulary
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tent

3 was prepared by Technical Committee ISO/TC 209, Cleanrooms and associated contrglled

lled
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Introduction

Cleanrooms and associated controlled environments provide for the control of airborne 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.

Thig part of ISO 14644 sets out test methods that may be used for the purpose of characterizing-a cleanroom
as described and specified in other parts of ISO 14644.

NOTE Not all cleanroom parameter test procedures are shown in this part of 1ISO 14644:" The prdcedures and
apparatus to characterize other parameters, of concern in cleanrooms and clean zones used for specifi¢ products or
processes, are discussed elsewhere in other documents prepared by ISO/TC 209 [for example, procedures f¢r control and
meapurement of viable materials (ISO 14698), testing cleanroom functionality (ISO 14644-4), and testing pf separative
devites (ISO 14644-7)]. In addition, other standards can be considered to be applicablé:

Stafements in this part of ISO 14644 reference the standards of ASTM, €EN, DIN, IEST, JACA, JIB and SEMI.

© I1SO 2005 — All rights reserved \"
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RNING — The use of this part of ISO 14644 may involve hazardous materials) ope

its use. It is the responsibility of the user of this part of ISO 14644 to establish approp
health practices and to determine the applicability of regulatory limitations prior to use.

Scope

part of ISO 14644 specifies test methods for designated classification of airborne particulate
for characterizing the performance of cleanrooms and clean¢zones. Performance tests are
types of cleanrooms and clean zones: those with unidirectional flow and those with non-unidirg

pratus and test procedures for determining performance‘parameters. Where the test method i
type of cleanroom or clean zone, alternative procedures are suggested. For some of the t¢
rent methods and apparatus are recommended-to accommodate different end-use con
rnative methods not included in this part of IS©'14644 may be used if based on agreemg
omer and supplier. Alternative methods do notnecessarily provide equivalent measurements.

part of ISO 14644 is not applicable to_the measurement of products or of processes in cle
prative devices.

Normative references

following referenced( documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any’amendments) applies.

7726:19985-Ergonomics of the thermal environment — Instruments for measuring physical qud

nliness

tions and
associated
riate safety

cleanliness
pecified for
ctional flow,

nree possible occupancy states: as-built, at-rest and operational. The test methods recommmend test

affected by
sts, several
siderations.
nt between

anrooms or

For dated
referenced

ntities

1464411999, Cleanrooms and associated controlled environments — Part 1: Classificgtion of air

ISO
and

14644-2:2000, Cleanrooms and associated controlled environments — Part 2: Specifications for testing

monitoring to prove continued compliance with ISO 14644-1

ISO 14644-4:2001, Cleanrooms and associated controlled environments — Part 4: Design, construction and
start-up
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3 Terms and definitions

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

31

3.1.1
cleanroom

General

room in which the concentration of airborne particles is controlled, and which is constructed and used in a
manner to minimize the introduction, generation and retention of particles inside the room, and in which other

relevant pa

ameters e g fnmporafnrn h||mir'|ify and pressure—are controlled as necessary
k k k

[ISO 14644

3.1.2
clean zone
dedicated §

used in a npanner to minimize the introduction, generation and retention of particles inside the zone, an

which other]

NOTE 1

[ISO 14644

3.1.3
installation
cleanroom
services, ar

[ISO 14644

314

separative
equipment
inside and ¢

q
J

NOTE
boxes, isolat

3.2 Airbe

3.21

aerosol ge
instrument
constant cg
means

1:1999, 2.1.1]

pace in which the concentration of airborne particles is controlled, and which(is”constructed

relevant parameters, e.g. temperature, humidity and pressure, are controlled as necessary
his zone may be open or enclosed, and may or may not be located within accleanroom.

1:1999, 2.1.2]

or one or more clean zones, together with all associated structures, air-treatment systg
d utilities

1:1999, 2.1.3]

device
utilizing constructional and dynamic.means to create assured levels of separation between
utside of a defined volume

ome industry-specific examples of separative devices are clean air hoods, containment enclosures, d
brs and mini-environments.

brne particle measurement

herator
Capable af generating particulate matter having appropriate size range (e.g. 0,05 ym to 2 ym)

3.2.2

airborne particle
solid or liquid object suspended in air, viable or non-viable, sized (for the purpose of this part of ISO 14644)
between 1 nm and 100 pm

NOTE

3.23

For classification purposes, refer to ISO 14644-1:1999, 2.2.1.

count median particle diameter

CMD

median particle diameter based on the number of particles

NOTE
the count me

dian size, and one half by particles larger than the count median size.

and
d in

ms,

the

love

at a

ncentration, which may be produced by thermal, hydraulic, pneumatic, acoustic or electrostatic

For the count median, one half of the particle number is contributed by the particles with a size smaller than

© I1SO 2005 — All rights reserved
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3.24
macroparticle
particle with an equivalent diameter greater than 5 ym

[ISO 14644-1:1999, 2.2.6]

3.25

M descriptor

measured or specified concentration of macroparticles per cubic metre of air, expressed in terms of the
equivalent diameter that is characteristic of the measurement method used

doss garded 5 M : cations as an upper
confldence limit, depending upon the number of sampling locations used to characterize the cleanroom{er|clean zone).
M descriptors cannot be used to define airborne particulate cleanliness classes, but they may be quoted.ind¢pendently or
in cgnjunction with airborne particulate cleanliness classes.

[1ISQ 14644-1:1999, 2.3.2]

3.2p
mags median particle diameter
MMPp
median particle diameter based on the particle mass

NOTE For the mass median, one half of mass of all particles is contributed by particles with a size smgller than the
masp median size, and one half by particles larger than the mass mediancsize.

3.2
particle concentration
number of individual particles per unit volume of air

[1SQ 14644-1:1999, 2.2.3]

3.28
particle size
diameter of a sphere that produces a response, by a given particle-sizing instrument, that is equivalent to the
response produced by the particle beingymeasured

NOTE For discrete-particle-counting, light-scattering instruments, the equivalent optical diameter is used

[ISQ 14644-1:1999, 2.2.2]

3.29
particle size distribution
cumulative distribution of particle concentration as a function of particle size

[ISQ 14644-1.1999, 2.2.4]

3.2.110

test aerosol
gaseous—suspensiom—of —sotid—andfortiquid—partictes—with—knowm—and—controtted—size—distribution and
concentration

3.2.11
U descriptor
measured or specified concentration in particles per cubic metre or air, including the ultrafine particles

NOTE The U descriptor may be regarded as an upper limit for the averages at sampling locations (or as an upper
confidence limit, depending upon the number of sampling locations used to characterize the cleanroom or clean zone).

U descriptors cannot be used to define airborne particulate cleanliness classes, but they may be quoted independently or
in conjunction with airborne particulate cleanliness classes.

[ISO 14644-1:1999, 2.3.1]

© I1SO 2005 — All rights reserved 3
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3.2.12

ultrafine particle
particle with an equivalent diameter less than 0,1 ym

[1SO 14644-

3.3 Airfi

3.31

1:1999, 2.2.5]

Iters and systems

aerosol challenge

challenging

of a filter or an installed filter defnm hy test aerosol

3.3.2
designated
maximum 3g
a leak, dete

3.3.3

dilution system

system wh
concentratiq

3.34
filter syste
system com

3.3.5
final filter
filters in a fi

3.3.6

installed filter system

filter system

3.37
installed fi
test perfor
leakage in {

3.3.8
leak
(of air filter
through lac

3.3.9
scanning

leak
llowable penetration, which is determined by agreement between customer and supplier, thrg
ctable during scanning of an installation with discrete-particle counters or aerosol\photometers

brein aerosol is mixed with particle-free dilution air in a known, &olUmetric ratio to red
n

mn
posed of filter, frame and other support system or other housing

hal position before the air enters the cleanroom

mounted in the ceiling, wall, apparatus or duct

er system leakage test

he installation, and that-thefilters and the grid system are free of defects and leaks

system) penétration of contaminants that exceed an expected value of downstream concentrd
of integrity'or defects

method for

3.3.10

standard leak penetration
leak penetration detected by a discrete-particle counter or aerosol photometer with a standard sample flow-
rate when the sampling probe is stationary in front of the leak

NOTE Penetration is the ratio of the particle concentration downstream of the filter to the concentration upstream.

ugh

uce

ed to confirm that the filters’ are properly installed by verifying that there is absence of bypass

tion

er or

© I1SO 2005 — All rights reserved
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3.4 Airflow and other physical states

3.41
air exchange rate

rate of air exchange expressed as number of air changes per unit of time and calculated by dividing the

volume of air delivered in the unit of time by the volume of the space

3.4.2
average airflow rate

averaged volume of air per unit of time, to determine the air exchange rate in a cleanroom or clean
NOTE Airflow rate is expressed in cubic metres per hour (m3/h).
3.4.8

megsuring plane
crogs-sectional area for testing or measuring a performance parameter such as the airflew velocity|

344
non-unidirectional airflow
air distribution where the supply air entering the clean zone mixes with the internal air by means of]

[1ISQ 14644-4:2001, 3.6]
3.4.5

supply airflow rate
air olume supplied into an installation from final filters or aif<ducts in unit of time

3.4.
totdl airflow rate
air jolume that passes through a section of an instalfation in unit of time

3.4.
unidirectional airflow

confrolled airflow through the entire gfoss-section of a clean zone with a steady velocity and ap
pargllel streamlines

NOTE This type of airflow results in a directed transport of particles from the clean zone.
[1ISQ 14644-4:2001, 3.11]

348
uniformity of airflow

unidirectional aitflow pattern in which the point-to-point readings of velocities are within a defined
of the average_ airflow velocity

3.5| [Electrostatic measurement

3.5.1

discharge time

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

3.5.2

offset voltage

voltage that will accumulate upon an initially uncharged isolated conductive plate when that plate
to an ionized air environment

© I1SO 2005 — All rights reserved
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3.5.3

static-dissipative property
capability for reducing electrostatic charge on work or product surface, as a result of conduction or other

mechanism

3.54

to a specific value or nominal zero charge level

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

3.6 Measuring apparatus and measuring conditions

3.6.1

aerosol ph
light-scatter
light optical

3.6.2

btometer
ng airborne particle mass concentration measuring apparatus, which uses a forward-scatte
chamber to make measurements

anisokinetic sampling

sampling cd
from the mg

3.6.3

cascade im
sampling d
collector su

NOTE B
previous one]

3.64
condensat
CNC
instrument
using opticg

3.6.5
counting e
ratio of the
particles

3.6.6
differential
DMA
instrument 1

ndition in which the mean velocity of the air entering the sample probefniet is significantly diffg
an velocity of the unidirectional airflow at that location

pactor

pvice, which collects particles from an aerosol using theprinciple of impaction upon a serig

[faces

ach successive collector surface is exposed to an aerosol stream flowing at a higher velocity than wa
thus allowing collection of smaller particles than the previous one.

on nucleus counter

hat is capable of enlarging ultrafine,particles by means of condensation for subsequent cour

| particle counting techniques

fficiency
reported concentration’ of particles in a given size range to the actual concentration of s

mobility analyzer

or measuring the particle size distribution, based on the electrical mobility of particles

red-

rent

5 the

ting

uch

3.6.7

diffusion battery element
individual component from a multi-stage particle size cutoff device, operating on the principle of diffusion to
remove smaller particles from an aerosol stream

3.6.8

discrete-particle counter

DPC

instrument having a means of displaying and recording the count and size of discrete particles (with a size
discrimination) for specific air volume

© I1SO 2005 — All rights reserved
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3.6.9

false count

background noise count

zero count

count produced by a discrete-particle counter (DPC) due to internal or external unwanted electronic signal
when no particles exist

3.6.10

flowhood with flowmeter

device with apparatus to directly measure the airflow volume at each final filter or air diffuser in an installation,
set up to completely cover the filter or diffuser

3.6.111

iso-axial sampling
sampling condition in which the direction of the airflow into the sample probe inlet is the.same as$ that of the
unidirectional airflow being sampled

3.6.12

isoKinetic sampling
sampling condition in which the mean velocity of the air entering the sample/probe inlet is the dame as the
megn velocity of the unidirectional airflow at that location

device capable of removing particles smaller than those of interest that is attached to the inlet ¢f a DPC or

selgcted minimum particle size chosen for measuring a concentration of particles larger than or gqual to that

-of-flight particle size measurement
megsurement of aerodynamic particle ‘diameter determined by the time required for travelling the| distance of
two[fixed planes

NOTE This measurement utilizes the particle velocity shift caused when a particle is introduced into the flow field with
diffefent velocity.

3.6./16
virtyial impactor
ins:]ument to separate the particle sizing by inertial force to collide on the hypothetical (virtual) surface

NOTE Large particles pass through the surface into a stagnant volume and small particles deflected with the bulk of
the ¢riginal airflow.

3.6.47
witness plate
contamination-sensitive material of defined surface area used in lieu of direct evaluation of a specific surface
that is either inaccessible or too sensitive to be handled

3.7 Occupancy states

3.71

as-built

condition where the installation is complete with all services connected and functioning but with no production
equipment, materials, or personnel present

[ISO 14644-1:1999, 2.4.1]

© I1SO 2005 — All rights reserved 7
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3.7.2
at-rest

condition where the installation is complete with equipment installed and operating in a manner agreed upon
by the customer and supplier, but with no personnel present

[1SO 14644-

3.7.3

1:1999, 2.4.2]

operational
condition where the installation is functioning in the specified manner, with the specified number of personnel
present and working in the manner agreed upon

[ISO 14644

4 Test procedures

1:1999, 2.4.3]

4.1 Cleahroom tests
411 Required test
An airborn¢ particle count test (see Table 1) shall be carried out in order to classify an installatiop in
accordance| with ISO 14644-1, at the time intervals specified in ISO 146442’
Table 1 — Required test for installation
Reference inISO 14644-3:2005
Required tests Referenced |n
Principle Procedure Apparatus

Airborne particle count for classification

and test mg¢asurement of cleanrooms and 4.2 B.1 C.1 lslosglfjgjrl_aﬁnd

clean air deices 1
4.1.2 Optlonal tests
Table 2 lists other tests appropriate for testing of an installation. These tests can be applied in each of the
three designated occupancy states./These tests may not be all-inclusive, nor may all of the tests be reqyired
for any given certification project-Tests and test methods should be selected in a manner agreed betweer] the
customer and supplier. Selected tests can also be repeated on a regular basis as part of a routine fagility
monitoring program (seeIS© 14644-2). Guidelines for the selection of tests and a checklist of tests are gjven
in Annex A.|Test methods are outlined in Annex B.
The test methods,described in Annex B are in outline form only. Specific methods should be developed to
meet the ndeds of the particular application.

8 © I1SO 2005 — All rights reserved
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Table 2 — Optional tests for installation

Optional tests Reference in ISO 14644-3:2005 Referenced in
Principle Procedure Apparatus

Airborne particle count for ultrafine particles 421 B.2 Cc.2 ISO 14644-1
Airborne particle count for macroparticles 4.21 B.3 C.3 ISO 14644-1
Airflow test? 422 B.4 C4 |s|os é“fjg;{l_‘;”d
Air pressure difference test? 423 B.5 C.5 'bé(fffg‘}lznd
Instplled filter system leakage test 424 B.6 C.6 ISO 14644-2
Airflow direction test and visualization 4.2.5 B.7 Cc.7 ISQ 14644-2
Temperature test 426 B.8 C.8 I$O 7726
Hurpidity test 426 B.9 C.9 1$O 7726
Ele¢trostatic and ion generator test 4.2.7 B.10 C.10
Particle deposition test 4.2.8 B.11 C.11
Redovery test 429 B.12 C.12 ISO 14644-2
Corjtainment leak test 4.2.10 B.13 C.13 IS%()“?:QA_;.%M
@ |This is a required test based on I1SO 14644-2. These optional tests,are not presented in order of importance. The ¢rder in which
tseus; Iis‘ar;?uld be performed may be based upon the requirements of.a.specific document or after agreement between the [customer and

4.2| Principle

4.2.1 Airborne particle count

Thig test is performed to determing-air cleanliness and may consist of three parts as follows:
a) [classification test (see/B,1);

b) [ltrafine particle test\(optional) (see B.2);

c) |macroparticledest (optional) (see B.3).

Tes|s b) and>c) may be used for descriptive purposes or as the basis for a specified requirement| but cannot
be ysed-forclassification purposes.

4.2.2 Airflow test

This test is performed to determine the supply airflow rate in a non-unidirectional cleanroom and the air
velocity distribution in a unidirectional cleanroom. Typically, either airflow velocity or airflow rate testing will be
performed, and results will be required in only one format: average velocity, average airflow rate or total
airflow rate. Total airflow rate may, in turn, be used to determine the air exchange rate (air changes per hour)
for a non-unidirectional installation. The air velocity will be determined in unidirectional cleanrooms. Test
procedures for the airflow test are given in B.4.

© I1SO 2005 — All rights reserved 9
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4.2.3 Air pressure difference test

The purpose of the air pressure difference test is to verify the capability of the cleanroom system to maintain
the specified pressure differential between the installation and its surroundings. The air pressure difference
test should be performed after the installation has met the acceptance criteria for airflow velocity or volume,
airflow uniformity and other applicable tests. Details of the air pressure difference test are given in B.5.

4.2.4 Installed filter system leakage tests

These tests are performed to conflrm that the final hlgh efficiency air fllter system is properly installed by
verifying the

and other d
seal, leaks

performed
and supporf

4.2.5 Airf

The purpos
design and
be confirmg

4.2.6 Tem

The purpos|
air tempera
the time pe

B.8 and B.9.

4.2.7 Eled

The purpos
materials a

Electrostati¢

the static di

n the filter bank framework). These tests do not check the efficiency of the system. The-tests
by introducing an aerosol challenge upstream of the filters and scanning downstream 6f the fi
frame or sampling in a downstream duct. Two different leak detection techniques are’given in

ow direction test and visualization

e of this test is to confirm either the airflow direction or airflow pattern’ or both in regard tg
performance specifications. If required, spatial characteristics of airflow-in the installation may
d. Procedures for this test are given in B.7.

perature and humidity uniformity tests

e of these tests is to demonstrate the capability of the cléanroom air-handling system to mai
ure and moisture (expressed as relative humidity or dew'point) levels within the control limits
riod specified by the customer for the area being fested. Procedures for these tests are givg

trostatic and ion generator tests

b of these tests is to evaluate electrostatic voltage levels on objects, static-dissipative propertig
nd the performance of ion generators (i.e. ionizers) used for electrostatic control in installati
testing is performed to evaluate the electrostatic voltage level on work and product surfaces,
5sipative properties of floors,sworkbench tops, etc. The ion generator test is performed to eval

the ionizer performance in eliminating.static charges on surfaces. Procedures for these tests are given in

4.2.8 Parficle deposition test

The purpos
coverage)
in B.11.

4.2.9 Rec|

e of this test i§ 10" measure the quantity (number or mass) or the effects (light scatter or

of particles deposited upon surfaces at any orientation. Some procedures for this test are g

pvery\test

the
also

tain
bver
nin

s of
bns.
and
late
B.10.

area
ven

The recove

y testis performed 1o determine whether the instaftation s capabte of Teturning to a spec

fied

cleanliness level within a finite time, after being exposed briefly to a source of airborne particulate challenge.
This test is not recommended for unidirectional airflow installations. The procedure for this test is given in B.12.

When an artificial aerosol is used, residue contamination of the installation should be avoided.

4.2.10 Containment leak test

This test is performed to determine if there is intrusion of unfiltered air into the cleanroom or clean zone(s)
from outside the cleanroom or clean zone enclosure(s) through joints, seams, doorways and pressurized
ceilings. The procedure for this test is given in B.13.
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5 Testreports

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

a) name and address of the testing organization, and the date on which the test was performed;
b) number and year of publication of this part of ISO 14644, i.e. ISO 14644-3: date of current issue;

c) clear identification of the physical location of the cleanroom or clean zone tested (including reference to

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

e) |details of the test method used, with any special conditions relating to the test or. departures ffom the test
method, and identification of the test instrument and its current calibration certificate;

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

g) |any other specific requirements defined relevant to the clause of /Anrex B for particular tests.
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Annex A
(informative)

Choice of recommended tests of an installation and the sequence in
which to carry them out

A.1 Geng¢ral

The test procedures described in this part of ISO 14644 may be used for demonstrating complian¢e-witH the
performancg criteria of a user-specified installation and for performing periodic testing.

The choice |of tests may be based in part on factors such as the design of the installation,¢perational stptes
and the reqpired level of certification.

The sequer|ce of tests should be determined beforehand between customer and supplier, and should be guch
as to minimjze wasted effort in the event of non-compliance.

A.2 Test|checklist

Table A.1 pfovides a checklist of tests and apparatus. Details of the test sequence should be decided upoh by
agreement petween customer and supplier.

Tahle A.1 — Checklist of recommended tests and their sequence for a clean installation

Selection
of test Test Selection Aoparatus
procedure Test procedure procedure of test Test apparatus rgfzrence Commentg
and reference [|apparatus®
sequence?
Airborne particle BA Discrete-particle CA1
count for counter (DPC)
classification and
test measurement
Airborne particle B.2 Condensation nucleus C.21
count for ultrafine counter (CNC)
particles . .
Discrete-particle C.2.2
counter (DPC)
Particle size cutoff c.23
device
Airborne particle B.3 C3
count for
macroparticles
Airborne particle count| B.3.3.2 Microscopic C.3.1
for macroparticles with measurement on
particle collection collected filter paper
Cascade impactor C.3.2

12 © ISO 2005 — All rights reserved


https://standardsiso.com/api/?name=8ba24cc4150c23f584774e81649cca6f

Table A.1 (continued)
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leakage

Selection
of test Test Selection Aoparatus
procedure Test procedure procedure of test Test apparatus r:f':rence Comments
and reference |apparatus®
sequence?
Airborne particle count| B.3.3.3 Discrete-particle C.3.3
for macroparticles counter (DPC)
without particle - - -
collection Time-of-flight particle C.34
nppnrnh 1S
Airflow B.4 C4
Airflow velocity B.4.2.2 Thermal anemometer C41.1
measurement in and -
unidirectional airflow B.4.2.3 Ultrasonic C.41.2
installation anemometer,
3-dimensional or
equivalent
Vane-type C413
anemometer
Pitot-static/tubes and C41.4
manometer
Supply airflow velocity B.4.3.3 Thermal anemometer C4.11
measurement in non- -
unidirectional airflow Ultrasonic C.4.1.2
installation anemometer,
3-dimensional or
equivalent
Vane-type C413
anemometer
Pitot-static tubes and C4.1.4
manometer
Total airflow rate B.4.3.2 Integrating volume c4.21
measurement hood meter
downstream of —
installed filters Orifice meter C4.22
Venturi meter C4.23
Airflow rdte B.4.2.5 Integrating volume c4.21
measurement in hood meter
supply-air duct —
Orifice meter C4.22
Venturi meter C4.23
Pitot-static tubes and C4.1.4
manometer
Air pressure B.5 Electronic micro- C.51
difference manometer
measurement
Inclined manometer C5.2
Mechanical differential C.53
pressure gauge
Installed filter B.6 C.6
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Table A.1 (continued)

Selection
of test Test Selection Apparatus
procedure Test procedure procedure of test Test apparatus refzrence Comments
and reference |apparatus®
sequence?
Installed filter system B.6.2 Linear aerosol C.6.1.1
leakage scan and photometer
B.6.3
Logarithmic aerosol C.6.1.2
lr_\hnfnmr:\h:\r
Discrete- particle C.6.2
counter (DPC)
Aerosol generator C.6.3
Aerosol source C.6.4
substances
Dilution system C6.5
Condensation nucleus c.21
counter
Test for filters B.6.4 Linear aerosol C.6.1.1
mounted in ducts or photometer
air-handling units .
Logarithmic aerosol C.6.1.2
photometer
Discréte- particle C.6.2
counter (DPC)
Aerosol generator C.6.3
Aerosol source C.6.4
substances
Dilution system C.6.5
Condensation nucleus C.21
counter
Airflow direction and B.7 Tracers C.71
visualization
Thermal anemometer C.7.2
Ultrasonic anemometer C.7.3
3-dimensional
Aerosol generator C.74
Fog generator C.74
Temperature B.8 C.8
General Temperature B8.2.1 Glass thermometer [OfS|
Thermometer c.8.2
Resistance C.8.3
temperature device
Thermistor C.8.4
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Table A.1 (continued)
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Selection
of test Test Selection Aoparatus
procedure Test procedure procedure of test Test apparatus PP Comments
b reference
and reference |apparatus
sequence?
Comprehensive B.8.2.2 Glass thermometer C.8.1
temperature Thermometer C.8.2
Resistance Cc.8.3
tUmPUI atdrc dC‘V'iLtU
Thermistor Cc84
Humidity B.9 Humidity monitor, C.91
capacitive
Humidity monitor, hair c.92
Dew point sensor c.9.3
Psychrometer C94
Electrostatic and ion B.10 Cc.10
generator
Electrostatic B.10.2.1 Electrostatic voltmeter C.10.1
High resistance ohm- C.10.2
meter
Charged plate monitor C.10.3
lon generator B.10.2.2 Electrostatic voltmeter C.10.1
High resistance ohm- C.10.2
meter
Charged plate monitor C.10.3
Particle deposition B.11 Witness plate
Binocular compound
microscope
Particle fallout C.111
photometer
Surface particle C.11.2
counter
Particle generator C.11.3
Recovery B.12 Discrete-particle C.121
counter (DPC)
Aerosol generator C.12.2
Dilution system C.123
Containment leak B.13 C.13
BPCmethod BT13721 Discrete-particte C13
counter (DPC)
Aerosol generator C.13.2
Dilution system C.13.3
Photometer method B.13.2.2 Photometer C.13.4
Aerosol generator C.13.2

a

b

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

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

© I1SO 2005 — All rights reserved
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Annex B
(informative)

Test methods

B.1 Airborne particle count for classification and test measurement

B.1.1 Prin

This test mg¢thod specifies the measurement of airborne particle concentrations with size distributions havi

threshold s
states; as-li
classificatio|
accordance

B.1.2 Tes

B.1.2.1

The numbe
data requirg
each samp
data may b
or in case 0

NOTE \
information o

B.1.22 P

Install the O
size thresh
isokinetic s
sampled ai
predominary
predictable
The transit
of particles
recommend

General

ciple

g a
ze between 0,1 ym and 5 um. Measurements can be made in any of three defined occupIncy
uilt, at-rest and operational. The measurements are made to certify or vefify the cleanliness
n of the installation in accordance with ISO 14644-1 or to make periodic' measurement

5 in
with ISO 14644-2. The procedure given in B.1 has been adapted from IEST-G-CC1001:1999[11.

t procedure

I of sample points, location selection, clean zone classification determination, and the quanti
d should be in accordance with ISO 14644-1. B.1 provides reference methods for air samplin
e point location. Other appropriate methods of equivalent accuracy and which provide equiv4
b used by agreement between customer and supplier. If no other method has been agreed u
f dispute, the reference method in this annex should be used.

y of
g at
lent
bon,

Vhere detailed information on cleanroom testing-using a discrete-particle counter (DPC) is required or further

n DPC standards is required, the standard-hethods [2 [31 [4 [111[23] [24] may be used.

rocedure for airborne particle count

PC intake at the specified sampling location, and set up the DPC flow rate and select the patrticle
pld(s) in accordance with.SO 14644-1. A sampling probe should be selected to permit close to
ampling in areas with_unidirectional flowl!l. The sample probe velocity should not differ from
velocity by more_thian 20 %. If this is not possible, set the sampling probe inlet facing intg the
t direction of the airflow; in locations where sampled airflow being sampled is not controlled or
e.g. non-unidirectional airflow), the inlet of the sampling probe shall be directed vertically upward.
ube from the-sample probe inlet to the DPC sensor should be as short as possible. For sampling
larger than and equal to 1 ym, the transit tube length should not exceed the manufacturer's
ed length and diameter.

Sampling e

rors due to small particle loss by diffusion and large particle loss by sedimentation and impagtion

should be n

o greater than 5 %.

B.1.3 Apparatus for airborne particle count

A DPC, as described in C.1, should be capable of counting and sizing particles in air with size discrimination
commensurate with the class of the installation under consideration. The DPC should be capable of displaying
or recording the particle count in those size ranges, and should have a valid calibration certificate, as
described in C.1.

16

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=8ba24cc4150c23f584774e81649cca6f

B.1

ISO 14644-3:2005(E)

.4 Test reports

By agreement between customer and supplier, the following information and data and the test report in
Clause 5 should be recorded for classification or testing of the installation:

a)

background noise count rate for the DPC;
type of measurement: classification or monitoring test;

cleanliness classification of the installation;

B.2
B.2

B.2

Thig
thre
in B
zon
con
mak

B.2

The
regi
509
ultra
cou
calg

particle size range(s) and counts;

DPC inlet sampled flow rate and flow rate through the sensing chamber volume;
sample location(s);

sampling protocol for classification or sampling plan for monitoring;

occupancy state(s);

other data relevant for measurement.

Airborne particle count for ultrafine particles

1 Principle

1.1 General

test method specifies the measurement of airborne particle concentrations with size distribufions having
shold sizes smaller than 0,1 um; that.€oncentration is referred to as the U descriptor. The procedure given
2 has been adapted from IEST-GECC1002:1999(12]. Measurements can be made in a cleanropm or clean
b installation in any of the three designated occupancy states. The measurements are made tp define the
centration of ultrafine particlésyin the installation in accordance with 1ISO 14644-1:1999, Annex E, or to
e periodic measurements-in.accordance with ISO 14644-2:2000.

1.2 Counting effiCiency

counting efficiency of the system used to measure a U descriptor should fall within the shadg¢d envelope
bn shown in“Figure B.1[2]. This region of acceptable performance centres on a counting éfficiency of
o at the defined ultrafine particle size, shown as size “U”. It includes a tolerance band of +[10 % of the
fine particle size, shown as sizes “1,1U” and “0,9U” in Figure B.1. The acceptable minimum and maximum
nting ‘efficiencies for particles above and below the + 10 % size tolerance band are baped on the
ulated penetratlon of a d|ffu3|on eIement havmg at Ieast 40 % penetratlon eff|C|ency for pafticles 10 %

larg!

% smaller

than the deflned ultrafine particle size.
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Figure B.1 — Acceptability envelope for the counting efficiency of selected apparatus

If the DPC ¢r condensation nuclels)counter (CNC) has a counting efficiency curve that falls to the right of the
shaded envelope of Figure B.1,“the DPC or CNC should not be used to measure or verify the U descriptor. If
the curve fqlls to the left of the“shaded envelope, the counting efficiency can be decreased by modifying it jwith
a particle size cutoff device.as described in B.2.1.3. In this case, the counting efficiency of the modified DPC
or CNC begomes the product of the counting efficiency of the unmodified DPC or CNC and the fractipnal
penetration|of the pafticle size cutoff device.

B.2.1.3 Parti¢le size cutoff device

To achieve the desired counting efficiency characteristic required to measure or verify a U descriptor, a
particle size cutoff device can be attached to the sample inlet of the DPC or CNC whose counting efficiency
curve falls to the left of the shaded envelope of Figure B.1. The counting efficiency curve of the combined
DPC or CNC, sample inlet, and particle size cutoff device will be modified to fall within the required shaded
envelope of Figure B.1.

Particle size cutoff devices remove particles smaller than a defined size, reducing penetration in a well-defined
and reproducible manner. A wide variety of sizes and configurations of particle size cutoff devices are
available and acceptable, provided that they produce the required penetration characteristics. As suitable
particle size cutoff devices, diffusion battery elements and virtual impactors can be used. Penetration is a
function of particle physical properties, device configuration and volumetric flow rate. Care is required with all
particle size cutoff devices to ensure that they be used only at the flow rates for which they were designed and
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that they are installed so as to avoid accumulation of electrostatic charge. Charge accumulation can be
minimized by ensuring that the particle size cutoff device is suitably electrically grounded.

B.2.2 Procedure for ultrafine particle count

Set up the sample inlet probe of the DPC or CNC (with the particle size cutoff device, if required). Sample the
required air volume at each sample point and make replicate measurements as required in accordance with
ISO 14644-1, Annex B or ISO 14644-2. The sampling of ultrafine particles with a small sampling flow rate and
long sampling tube can cause a significant diffusion loss. The sampling error due to ultrafine particles loss by
diffusion should be no greater than 5 %. Calculate the U descriptor concentrations in the defined ultrafine
particle size ranges, as agreed upon between customer and supplier, and report the data. Where information
on s$tability of ultrafine particle concentration is required, make three or more measurements [at selected
locations at time intervals, as agreed upon between customer and supplier.

B.2|3 Apparatus for ultrafine particle count

DPQ as described in C.3 or CNC as described in C.2 is used. If a DPC is used,(it should havg a counting
effigiency of 50 % for ultrafine particles as defined in ISO 14644-1 Annex B, 'and a capability for accurate
partjcle size definition up to at least 1 ym. The threshold size counting efficiency for the DPC or CNC should
be defined in accordance with Figure B.1. If a DPC or CNC is used that’is capable of detectihg particles
smdller than the desired size, a particle size cutoff device, with known particle size penetration pgrformance,
as described in B.2.1.3, should be used.

B.2|4 Test reports

By agreement between customer and supplier, the following information and data should be fecorded as
desg¢ribed in Clause 5 for measuring the U descriptor of the clean zone installation:

a) |identification of the DPC or CNC and particle'size cutoff device, if used, and the calibration status;
b) [ultrafine particle size threshold defined for'the U descriptor data;

c) |background noise count rate for the\BPC, when used;

d) |particle size cutoff device perfermance data, as required;

e) |type of measurement: U descriptor measurement or monitoring;

f) |cleanliness classification of the installation;

g) |ultrafine particlesmeasurement system inlet and sensing volume flow rates;
h) [sample pointlocation(s);

i) |sampling*plan for determination or sampling plan for testing, as specified;

j) |oCeupancy state(s);

k) other data relevant for measurement.

B.3 Airborne particle count for macroparticles

B.3.1 Principle

This test method describes the measurement of airborne particles with a threshold size larger than 5 um in
diameter (macroparticles). The procedure given in B.3 has been adapted from IEST-G-CC1003:1999[13],
Measurements can be made in a cleanroom or clean zone installation in any of the three designated
occupancy states. The measurements are made to define the concentration of macroparticles in clean areas
in accordance with ISO 14644-1:1999, Annex E, or to make periodic measurements in accordance with
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ISO 14644-2. The need for proper sample acquisition and handling to minimize losses of macroparticles in the
sample handling operations is emphasized.

B.3.2 Sample handling considerations
Careful sample collection and handling is required when working with macroparticles. A complete discussion

of the requirements for systems, which can be used for isokinetic or anisokinetic sampling and particle
transport to the point of measurement, is provided elsewherel1l [13].

B.3.3 Measurement methods for macroparticles

B.3.3.1 GLneraI

There are two general categories of macroparticle measurement methods. Comparable results-may not be
produced if| different measurement methods are used. Correlation between different methdds may no} be
possible for|this reason. The particle size information produced by the various methods is summarized herg:

a) collectipn by filtration or inertial effects, followed by microscopic measurement of-the'number and siz¢, or
measufement of the mass of collected particles:

1) filter collection and microscopic measurement (B.3.3.2.1) will report macroparticles using particle |size
baped upon the agreed diameter;

2) capcade impactor collection and microscopic measurement{B:3.3.2.2 a)] will report macroparticles
us|ng particle size based upon the microscopist's choice of.reported particle diameter;

3) capcade impactor collection and weight measurement\[B.3.3.2.2 b)] will report macroparticles using
pafticle size based upon an aerodynamic diameter;

b) in situ measurement of the concentration and size of macroparticles with a time-of-flight particle countér or
a DPC

1) DHC measurement (B.3.3.3.2) will report' macroparticles using particle size based upon an equivalent
oplical diameter;

2) time-of-flight particle size measurement (B.3.3.3.3) will report macroparticles using particle [size
baped upon an aerodynamic.diameter.

B.3.3.2 Macroparticle measurement with particle collection

B.3.3.2.1 |Filter collection and microscopic measurement

Select a mgmbrane-filter and a holder or a pre-assembled aerosol monitor; a membrane with pore size of
2 um or legs should be used. Label the filter holder to identify the filter holder location and installagion.

into the unidirectional flow.

The filter holder or aerosol monitor inlet should be located to face vertically upward. For installations operating
at 1ISO Class 6 (see ISO 14644-1) and cleaner, the sampled air volume should be no less than 0,28 m3. For
installations operating less clean than ISO Class 6, the sampled air volume should be no less than 0,028 m3.

Remove the cover from the membrane filter holder or aerosol monitor and store in a clean location. Sample
the air at the sample point locations as determined by agreement between the customer and supplier. If a
portable vacuum pump is used to draw air through the membrane filter, the exhaust from that pump should be
vented outside the clean installation or through a suitable filter. After the sample collection has been
completed, replace the cover on the filter holder or aerosol monitor. The sample holder should be transported
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in such a manner that the filter membrane is maintained in a horizontal position at all times and is not
subjected to vibration or shock between the time the sample is captured and when it is analyzed. Count the
particles on the filter surfacel4.

B.3.3.2.2 Cascade impactor collection and measurement

In the case of cascade impactors, the sampled airflow passes through a series of jets of decreasing orifice

size. The larger particles are deposited directly below the largest orifices and smaller particles are deposited

at each successive stage of the impactor. Two types of cascade impactors can be used for collection of

macropartlcles In one, the partlcles are deposﬂed upon the surfaces of removable plates that are removed for
3

sub . . are typically

usefl for this type of cascade |mpactor In the other type the partlcles are deposited upon piezo<elgctric quartz

micfobalance mass sensors, which weigh the particles collected by each impactor stage.)This cascade
impactor type usually uses significantly smaller flow rates.

a) |For the first type of cascade impactor, the initial tare weight of each collection stage is recorded or a tare
number of particles per unit area of each stage are counted before any meastirements arel made. The
impactor is operated for a period of 10 min or more. At the end of that timey.itVis sealed and njoved to the
balance or microscope for evaluation. The collection stages are removed and the weight of number of
particles accumulated upon each stage capable of collecting @nacroparticles is recprded. The
macroparticle concentration is then defined as the total weight or mumber on the pertingnt impactor
stages divided by the total airflow, which was passed through the irapactor.

b) |For the second type of cascade impactor, the particle mas$ data are collected at the time ¢f sampling.
Since the microbalance sensors for each stage can be set\to'indicate the change in mass, it i§ not usually
necessary to determine initial tare weights before sample collection begins. As with the other cascade
impactor, stages can be removed and measurementsimade for individual particles with a light|microscope
or for particle composition using an electron *microscope. The sample flow rate is Rdjusted to
0,000 39 m3/s and sample duration set to time periods from 10 min to several hours, dependihg upon the
class of clean zone. The impactor is placed af-the pre-selected sample point location and tyrned on. At
the end of the sample period, the impactor can be moved to other locations and additignal sample
measurements can be made. The macroparticle concentration is then defined as the total weight or
number on the pertinent impactor .stages divided by the total airflow, which was passed through the
impactor.

B.3/3.3 Macroparticle measurement without particle collection

B.3;3.3.1 General

Magroparticles can_be)'measured without collecting particles from the air. The process involves optical

megsurement of the particles suspended in the air. An air sample is moved at a specific flow rate through a

DPC, which reports either the equivalent optical diameter or the aerodynamic diameter of the partigles.

B.3/3.3.2._\Discrete-particle counter (DPC) measurement

Prog¢edures for macroparticle measurement using a DPC are the same as those in B.1 for airbqrne particle

count with one exception. The exception is that the DPC in this case does not require sensitivity for detection
of particles less than 1 um since data are required only for macroparticle counting. Care is required to ensure
that the DPC samples directly from the air at the sample location. Sample transit tubes longer than 1 m to the
DPC should not be used. The DPC should be capable of sample flow of 0,000 47 m3/s and should be fitted
with an inlet sized for isokinetic sampling in unidirectional flow zones. In areas where non-unidirectional flow
exists, the DPC should be located with the sample inlet facing vertically upward. The sample inlet diameter
should be no less than 30 mm.

The DPC size range settings are established so that only macroparticles are detected. The data from one size
below 5 um (see ISO 14644-1, Table 1) should be recorded to ensure that the concentration of detected
particles below the macroparticle size is not sufficiently high to cause coincidence error in the DPC
measurement. The particle concentration in that lower size range, when added to the macroparticle
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concentration, should not exceed 50 % of the maximum recommended particle concentration specified for the
DPC being used.

B.3.3.3.3 Time-of-flight particle size measurement

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

diameter of

the particle. With knowledge of the pressure difference between the ambient air and the pres

sure

at the meas
time of fligh
of particles
as those re
DPC are us|

B.3.4 Pro

Set up the
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urement region, the air velocity can be calculated directly. The particle velocity is measured(by
t between two laser beams. The time-of-flight apparatus should measure aerodynamic diame
up to 20 um, with sizing resolution better than 10 %. Sample acquisition procedures are the s
nuired when using a DPC to measure macroparticles. In addition, the same procedires as fo
ed with this apparatus in order to establish the particle size ranges to be reported.

cedure for macroparticle count

sample inlet probe of the selected apparatus. Sample the required air-yolume to collect at |
rticles at each sample point and make measurements as specified in ISO 14644-1 or ISO 146
e M descriptor concentration in the selected particle size range(s);-as agreed between custd
r, and report the data. Where information on the stability of macroparticle concentration is requ
or more measurements at selected locations at time intervals agreed between customer

[ reports

Clause 5, for classification or testing of the installation:

definitipn of the particle parameter to which thelapparatus responds;

measurement: classification or test M descriptor determination or monitoring;
signations of each measurement instrument and apparatus used and its calibration status;
ess classification of the installation;

article size range(s)and the counts for each size range reported;

tus inlet sampleflow rate and flow rate through sensing volume;

point location(s);

sampl

]

occupaney-statels);

g schedule plan for classification or sampling protocol plan for testing;

the
ters
Ame
the

past
14-2.
mer
red,
and

bnt between customer and supplier, the following information and data should be recorded as

k)

stability of macroparticle concentration, if required;

other data relevant for measurement.

B.4 Airflow test

B.4.1 Principle

The purpose of these tests is to measure airflow velocity and uniformity, and supply airflow rate in cleanrooms
and clean zones. Measurement of velocity distribution is necessary in unidirectional airflow cleanrooms and
clean zones, and supply airflow rate in non-unidirectional cleanrooms. Measurement of supply airflow rate is
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carried out to ascertain the air volume supplied to the clean installation per unit of time, and this value can
also be used to determine the air changes per unit of time. The supply airflow rate is measured either
downstream of final filters or in air supply ducts; both methods rely upon measurement of velocity of air
passing through a known area, the airflow rate being the product of velocity and area. The choice of
procedure should be agreed between customer and supplier. These tests are applicable in all three of the
designated occupancy states.

B.4.2 Procedure for unidirectional airflow installation test

B.4.2.1 General

The| velocity of the unidirectional flow determines the performance of a unidirectional cleanroom)[he velocity
can|be measured close to the face of the terminal supply filters, or within the room. This is{done| by defining
the neasuring plane perpendicular to the supply airflow and dividing it into grid cells of equal.areal}>!.

B.4J2.2 Supply airflow velocity

Thejairflow velocity should be measured at approximately 150 mm to 300 mm.from the filter face. The number
of measuring points should be sufficient to determine the supply airflow rate.in cleanrooms and dean zones,
and|should be the square root of 10 times of area in square metres hut\no less than 4. At leagt one point
shopld be measured for each filter outlet or fan-filter unit. A curtain may-be used to exclude distirbances to
the binidirectional airflow.

The|measuring time at each position should be also sufficient{o‘ensure a repeatable reading. Time-averaged
values of measured velocities should be recorded for multiple focations.

B.4J2.3 Uniformity of velocity within the cleanroom

The| uniformity of velocity should be measured atapproximately 150 mm to 300 mm from the filter face and
the pubdivision into grid cells should be defined-as agreed between customer and supplier.

When production apparatus and workbenches are installed, it is important to confirm occurrence qf significant
airflpw variations. Therefore, the measurement of the uniformity of velocity should not be done [at positions
close to these obstructions.
The|measured data may not indicate the characteristics of the cleanroom or clean zone installation itself. The
datg to be used to determine‘the uniformity of velocity, i.e. the velocity distribution should be agreed between
cusfomer and supplier.

The|measuring time-at-each position should be sufficient to ensure a repeatable reading.

B.4]2.4 Supply airflow rate measured by filter face velocity

The|results-of the airflow velocity test carried out in accordance with B.4.2.2 can be used to calculpte the total
supply.airflow rate as follows:

0=%(UcxA4c) (B.1)
where

Q s the total airflow rate;
is the airflow velocity at each cell centre;
is the cell area which is defined as the installation area divided by the number of measuring points;

Y is the summation for all cells.
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B.4.2.5 Supply airflow rate in air ducts

Supply airflow rate in ducts may be measured by volumetric flowmeters such as orifice meters, Venturi meters
and anemometers, referenced in 1ISO 5167-1 through ISO 5167-4[191[20] [21] [22],

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 grid cells of equal areas, and then
the airflow velocity should be measured at the centre of each cell. The number of grid cells is agreed between
customer and supplier, e.g. 9 or 16. The airflow volume rate should be evaluated in the same way as defined
in B.4.2.4. For a circular duct, the airflow volume rate by Pitot static tubes may be determined by the
procedure as typically described in EN 12599(10],

B.4.3 Progedure for non-unidirectional airflow installation test

B.4.3.1 General

Air volume pupply rate and air-change rate are the most important parameters. In some cdses, measurement
of supply girflow velocity from individual outlets is necessary to determine the airflow volume from gach
outlet(13],

B.4.3.2 Sppply airflow rate measured at the inlet

Because of[the effect of local airflow turbulence and jet velocities issuing-from an outlet, use of a flowhood|that
captures all| of the air issuing from each final filter or supply diffuser is.recommended. The supply airflow |rate
is measured using a flowhood with a flowmeter, or the air velocity of. the air exiting from a flowhood multiplied
by the effegtive area. The flowhood opening should be placed completely over the filter or diffuser, and the
face of the hood should be seated against a flat surface to prevent air bypass and inaccurate readings. WWhen
a flowhood with flowmeter is adopted, the airflow rate at eachfinal filter or supply diffuser should be meastred
directly at the discharge end of the hood.

B.4.3.3 Sppply airflow rate calculated from filter face velocity
Evaluation pf the supply airflow rate without (@ jflowhood may be done with an anemometer downstream of
each final filter. The supply airflow rate is determined from the airflow velocity multiplied by the area of exit. A
curtain may| be used to exclude disturbanees to the unidirectional airflow.

For the number of measuring points-and the calculation of supply airflow rate, refer to B.4.2.3 and B.4(2.4,
respectively.

If it is impogsible to dividethe-plane into grid cells of equal areas, the average air velocity weighted by @rea
may be subjstituted.

B.4.3.4 Sppply airflow rate in air ducts

Supply airflpw:rate in air ducts should be determined in the same way as defined in B.4.2.5.

B.4.4 Apparatus for airflow tests

Descriptions and measurement specifications of apparatus are provided in C.4. For airflow velocity
measurements, ultrasonic anemometers, thermal anemometers, vane-type anemometers, or their equivalent,
can be used.

For supply airflow rate measurements, orifice meters, Venturi meters, Pitot static tubes, averaging Pitot static
tubes and manometers, or their equivalent, can be used.

Airflow velocity measurements should be made with apparatus that will not be 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 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

B.4

apparatus chosen should have a valid calibration certificate.

.5 Test reports

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

a) fypn of tests and mDQQIII"DanfQ, and mngellring r\nnrlifinnc;

b) |type designations of each measurement instrument and apparatus used and its calibration-stafus;

c) |measurement locations and the nominal distance from the filter face;

d) |occupancy state(s);

e) |other data relevant for measurement.

B.§ Air pressure difference test

B.5|1 Principle

The|purpose of this test is to verify the capability of the complete installation to maintain the specified pressure

diffgrence between the installation and its surroundings, and between separate spaces| within the

installation['®]. This test is applicable in each of th&'three designated occupancy states, and ¢an also be

repgated on a regular basis as part of a routine facility monitoring program as described in ISO 14444-2.

B.5(2 Procedure for air pressure difference test

It is|advisable to confirm that the supply air volume and installation balancing are within specifications before

conmencing the measurement of differential pressure between rooms or between rooms and outs|de areas.

With all doors closed, the pressure difference between the cleanroom and any surrounding énvironment

shotild be measured and recorded.

If the installation is subdivided into more than one cleanroom, the pressure differences between the innermost

room and the next adjacent room should be measured. The measurement should be continugd until the

pregsure difference between the last enclosure and surrounding ancillary environment and jagainst the

extgrnal environment is measured.

The| pressures being measured are very small and incorrect measurement techniques can |easily give

erronéous readings. The following should be considered:

a) installation of permanent measuring points is recommended;

b) take measurements near to the middle of the cleanroom and away from any supply air inlets or return air
outlet devices which may influence the local pressure at the measuring point.

B.5.3 Apparatus for air pressure difference test

Apparatus descriptions and measurement specifications are provided in C.5. An electronic micromanometer,
inclined manometer, or mechanical differential pressure gauge can be used.

The

apparatus should have a valid calibration certificate.
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B.5.4 Test reports

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

a) type of
b)

c)

tests and measurements, and measuring conditions;

type designations of each measurement instrument and apparatus used and its calibration status;

cleanliness classes of the rooms considered;

d) measu

e) occupa
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Portions of the test methods given in B.6 have been adapted from IEST-RP-CC034.2[18]. The
absence of leakage, relevant to the cleanliness performance of the installation. The te

and support frame or by sampling in'a downstream duct. The test is a leak test of the comf
tion comprising the filter media, frame, gasket and grid system. The installed filter system leak
pe confused with the efficiency-fest of individual filters at the place of manufacture. The test wi
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oms, or when existing installations require re-testing, or after the final filters have been replacs

ures for filter systéms with ceiling, wall or apparatus mounted filters are described in B.6.2
cedure for duct-meunted filters is described in B.6.4. The tests outlined below may be perfor
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the specified high aerosol challenge concentrations to be achieved;
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and greater than 0,003 %;

c)

considered to be detrimental to products and/or processes and/or personnel within the cleanroom.

NOTE

the same grade, when compared to the DPC method.

26

cleanrooms in which local aerosol injection points are provided in the duct distribution system that allow

systems incorporating filters with integral MPPS (Most Penetrating Particle Size) penetrations equal to

installations where outgassing of oil based volatile test aerosol deposited on the filters and ducts is not

The aerosol photometer method is known to create 100 to 1 000 times the aerosol concentration on a filter of
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The DPC method (B.6.3) is more sensitive, and the filter system becomes less contaminated than by using
the aerosol photometer method. It may be used for testing:

a)

b)

c)

cleanrooms with all types of air-handling systems;

systems incorporating filters with MPPS (Most Penetrating Particle Size) penetrations down to

0,000 005 %;

installations where outgassing of oil-based volatile aerosol deposited on filters and ducts

B.6

B.6

Pre
and

B.6

An artificially generated polydisperse or atmospheric aerosol should/be introduced into the upstrea
eve the natural upstream aerosol to reach the required hamogeneous challenge concentratior
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cusfomeriand supplier. ASME N510-1989[1] and IEST-RP-CC034.2:1999(18] may also be of value.

2.1

2.2 Choice of upstream aerosol challenge

metric standard deviation of up to 1,7.

2.3 Concentration of upstream aerosolchallenge and its verification
centrations lower than 20 mg/m3 ¢an'reduce the sensitivity for leak detection. Concentrations
hg/m3 can give rise to excessive filter fouling over an extended test period![18l.

ropriate measures should-be/taken for the verification of the homogenous mixing of the adde
supply airflow. The first time a system is tested it should be determined that sufficient aerog

tolerated or where the use of solid aerosol is recommended.
2 Procedures for installed filter system leakage scan test with an aerosol photdg

General

repair actions are to be found in B.6.2.7 and B.6.6[141 [15] [18],

ian particle diameter (MMD) for this production method.will typically be between 0,5 ym to 0,

E A guide to aerosol source substances is given inC.6.4.
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B.6.2.4 Determination of probe size

The sample probe inlet size should be calculated from consideration of the sample flow rate of the measuring
instrument and the filter exit airflow velocity so that the probe inlet air velocity approximates to the filter exit
airflow velocity. The sampling probe should be of square or rectangular configuration. The inlet velocity
distribution should be carefully considered!18].

dva
D, = B.2
P UxW, (B.2)

where

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

qya is [the actual sample flow rate of the measuring instrument, expressed in cubic centimetres| per
sefond;

U s the filter exit airflow velocity, expressed in centimetres per second;

b is the probe dimension perpendicular to the scan direction, expressed in centimetres.
NOTE The air velocity should be:

(U+20 %) > Ug > (U~ 20 %)

hlso expressed as

12U>Us>08U

Where

U s the airflow velocity at the filter exit;

Ug = —dva__ s the air velocity at the probe inlet.

Dp X Wp
B.6.2.5 Determination of scan rate

The probe |traverse scan rate S, should be approximately 15/Wp cm/sl'8l. For example, when usifg a
3 cm x 3 cnp square probe, S, is 5 cm/s.

B.6.2.6 Plocedure for installed filter system leakage scan test

The test is performed hy‘introducing the specific challenge aerosol upstream of the filter(s) and searching for
leaks by s¢anning the‘downstream side of the filter(s) and the grid or mounting frame system with| the
photometerg probesasfollows:

a) the airflow_velocity test (B.4) for initial qualification should be done prior performing this test;

b) measurements of the aerosol upstream of the filters according to section B.6.2.3 should be taken first to
verify the aerosol concentration and also its distribution homogeneity;

c) the probe should then be traversed at a scan rate not exceeding the value for S, stated in section B.6.2.5,
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;

d) 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;

e) 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.6.2.3).
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B.6.2.7 Acceptance criteria

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

Designated leaks are deemed to have occurred where a reading greater than 104 (0,01 %) of the upstream
challenge aerosol concentration. Alternative acceptance criteria may be agreed between the customer and the
supplier.

For actions to be taken to eliminate detected leaks, see section B.6.6.

NOTE Different penetrations of filters and/or response times of photometers may require consideration of different
designated leak criteria, refer to IEST-RP-CC034.2 [18],

B.6{3 Procedure for installed filter system leakage scan test with a DPC

B.643.1 General
The|two-stage approach of this in situ filter leak test method provides accuracy and speed:

1) |The clean side of the filter should be scanned for a potential leak. Buring scanning with a DP{, detection
of more than the observed acceptable counts C, in sample~acquisition time 7 indicates the potential

presence of a leak. In this case, the second stage shouldbe performed. If there are no indications of
potential leaks, further investigations are not necessary. The determinations of C, and T are flescribed in

B.6.3.6.
2) |The probe should be returned to the place of maximum particle count under each potentiall leak and a

stationary re-measurement should be performed. During the stationary re-measurement with the DPC,
detection of more than the observed acceptable counts (C,) in sustained residence time 7, indicates the

presence of a leak. The determinations of €, and 7, are described in B.6.3.6.

B.6)3.2 Conditions for aerosol

An artificially generated polydisperse or atmospheric aerosol should be introduced to the upstream airflow to
reagh the necessary challenge ‘concentration.

NOTE A guide to aerosal source substances is given in C.6.4.

The|following conditions should be met:

a) |count median‘particle diameter (CMD) should be between 0,1 ym and 0,5 um;

b) [threshold size of the DPC should be equal to or lower than this mean aerosol particle size;

c) |ifithe DPC has more than one channel available between the threshold size and 0,5 um, the ¢pne with the
highestdownstrearm partictes reading shoutd be choser,

d) average equivalent mean particle size should be adjusted close to the mid point size of the most suitable
DPC channel used.

B.6.3.3 Concentration and verification of upstream aerosol

The concentration of the aerosol challenge upstream of the filter should be sufficiently high to achieve
acceptable practical scan rates according to section B.6.3.5. In most cases, generated aerosol should be
added to the upstream aerosol challenge to reach the necessary high challenge concentration. To verify such
high concentrations, a suitable dilution system may be required to avoid exceeding the concentration
tolerance of the DPC (coincidence error). The performance of the dilution system used should be verified at
the beginning and the end of each period of usel16l.
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When upstream aerosol concentrations vary over the time, these measurements should be continued during
scanning for leaks in order to gain data for calculations with sequential downstream counts. Concentrations
lower than the average will reduce the sensitivity to small leaks, while higher concentrations increase the
sensitivity to small leaks. Therefore, it is better to monitor upstream concentration. Further details on how to
conduct the air-aerosol mixing test, including the frequency and number of locations for taking upstream
samplesl4! should be agreed upon between the customer and the supplierl'8l.

B.6.34 D

etermination of probe size

Refer to B.6.2.4.

B.6.3.5 P

Refer to B

respectively.

rocedure for installed filter system leakage scan test

6.2.6, provided that B.6.2.3 and B.6.2.5 have been substituted with B.6.3.3 and .B.6.3

reparatory calculations and evaluation

Symbols and flow diagram of preparatory calculations and evaluation
S in this section are shown as follows:
the challenge aerosol concentration upstream of the filter (partieles/cm3);

the maximum allowable integral MPPS (Most Penetrating Particle Size) penetration of the filtg
e tested,;

if the standard leak penetration of the filter to be tésted;
i the factor expressing how much P may belarger than P;

i the standard value of sample flow raté, ¢, = 472 cm3/s (= 28,3 I/min);

the actual sample flow rate of the discrete-particle counter (cm?3/s);

the probe scan rate (cm/s);

the probe dimension parallel to the scan direction (cm);

the expected number of particle counts which characterize the designated leak [particles];

the actualnumber of particle counts which characterize the designated leak [particles];

i the.observed acceptable count [particles];

6.4,

pr to

idthe samnle acauisition time (s)-
tH SMpie-acqisiion-tHneS);

B.6.3.6 P
B.6.3.6.1
The symbol
C, s
Py S
b
P s
K IS
qys 19
qya 18
S, s
D, g
N, g
Npa i
C, i
Ty s
T,

. is the sustained residence time (s).

The flow diagram of preparatory calculations and evaluation is presented in Figure B.2.

30

© I1SO 2005 — All rights reserved


https://standardsiso.com/api/?name=8ba24cc4150c23f584774e81649cca6f

ISO 14644-3:2005(E)

Preparatory calculation before scanning

Upstream Filter Parameter according to the DPC
Upstream Maximum allowable Probe dimension If false counts are not Sustained
concentration penetration of the parallel to the negligible, the observed residence
Cec filter to be tested scan direction acceptable counts, time
[particles/cm?] Ps D, [em] C 4 [particles] T [s]
should be >1

Y ¢

Factor K based on Expected number of particle
Table B.1 counts which characterize
¢ the designated léak;
N, [particles]

Standard leak penetration based on Table B.2

of the filter to be tested |

PL = K X Ps
|
Y Y Y i ¢ Y
a) For scanning b) For stationary re-measuring
Probe scan rate [cm/s] The actual number of N, [particles]ffor
S, < Cyx PLxqygx(DyINy) stationary re-measuring,

Npa=chPqust Tr

When actual sample flow rate, g, [cm3/s], 3
is not standard When actual sample flow rate, g, [cin®/s],

is not standard
S <[C(PL=P)qys+ C x P xqulD/N,) Now=[C(PL—Po)qy, + C,x P, x §,.1T;
C S C S a

! !

The sample acquisition time 7 [s] The observed acceptable count [particles]
T 2 (D Sy)[s] Ca = Ny, — 2N, for Ti[s]

Test and evaluation procedure
a) | Detectionof potential leakage by scanning

If fwo or~more counts increase in a short time (less than Ty [s]), stationary re-measuring [should be
peffermed with the probe at the leak location when C, [particles] is selected to be 1. If the coynts do not

in adon tha coannad arna chanlld ha ~Aanaidarad +n ha Inale fran
CasCthec—StarctarCa—SouttoC-CoRoTaCTre oo 1eacTeCe:

b) Detection of leakage by stationary re-measuring

If the observed counts are less than C, [particles] for sustained residence time, T, [s], the position should be
considered to be leak free.

If the observed counts continue to exceed C, [particles] during extended sustained residence time, it should
be considered to have a leak.

Figure B.2 — Flow diagram of preparatory calculations and evaluation
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Standard leak penetration of the filter to be tested, P

Standard leak penetration, P, is defined as penetration detected by a DPC with a standard sample flow rate
when the sampling probe is stationary over the leak. The standard sample flow rate, gy, is defined as
472 cm3/s (28,3 I/min).

Py is chosen by agreement between customer and supplier, or is based on Table B.1 and Equation (B.3), in
function of K and Pg.

P = K x Pg (B.3)
Table B.1 — K in function of P
Maximum allowable 4 5 6 7 8
pdnetration, P, <5x10 <5x10 <5x10 <5x10 <510
Factor, KX 10 10 30 100 300

Pg should b
the filter to
size may be

NOTE Vi

In certain affeas, local penetration may be greater than overall integral penetration.

For the ma
equal to 2,

For correla

penetration
case, the m

B.6.3.6.3

One obsery
are given in
a) Iffalse

b) If false

Tarble B.2 —Upper limit of the 95 % confidence interval of a Poisson distribution!(8] [17]

b defined as the maximum allowable integral MPPS (Most Penetrating.Particle Size) penetratid

n of

be tested as specified by the manufacturer. Nominal specific penetration at the specific particle

used in the absence of MPPS penetration.

| includes penetration of normal filter media and leakage.

ual scanning procedure, C, may be replaced by Np- It is recommended that Ny be greater thgn or

nd consideration of B.6.3.6.3 is not required.
ion with the acceptance criterion of the photometer method (see B.6.2), the maximum allow

could be adapted to 0,01 % for filters-with an integral penetration of 0,05 % and 0,005 %. In
ean particle size of aerosol should/beapproximately 0,8 (£ 0,2) um.

Expected number of particle\counts, N, and acceptance criteria, C,

ed count, C,, gives upper-confidence limit, N,,, by statistical calculation. Some pairs of C, an
Table B.2. A smaller-value of N, will allow faster scanning or allow lower upstream concentrati

counts are negligible, the pair, C, =0, N, = 3,7 should be selected.

counts are-not negligible, a value for C, > 1 should be selected.

Able
this

i N,

Obse.rved Upper limit Observed Upper limit

C, N, C, N,

0 3,7 6 13,1

1 5.6 7 14,4 When N, is larger than 19,7,
2 7,2 8 15,8 Ca=Np-2/N, (B4)
3 8,8 9 17,1

4 10,2 10 18,4

5 11,7 11 19,7
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B.6.3.6.4 The scan rate, S,

The probe traverse scan rate, S, should be determined from the following formula:

S, s

Dp Dp
S <Cox P ><qVS><N—=CC><P|_ ><472><N—
p p

hould not be higher than 8 (cm/s).

S, and C, should be selected first and the challenge aerosol concentration C. should then be cal
Equjation (B.5).

B.6

a)

B.6

(B.5) 18]

ulated from

3.6.5 Sustained residence time, 7, and N, and C, for 7,

Selection of sustained residence time, 7, (s)

DPC.

Calculation of the actual number of, Npa (particles), for T, (s) and C, (particles)

Equation (B.6). When the number of Noa is large, C, canbe calculated from Equation (B.7).

Npa =Ce x P xqys xTy

Ca=Npa—2/Npa

3.6.6 Detection of potential leakage by scanning
In the case of observed counts smaller than C, (particles)
The observed counts equalto or smaller than C, in equal or longer time than sample acquis
the probe crossing &1eak, as given in Equation (B.8)[18l:
Dy

Te > —
S Sr

In the\ease of observed counts larger than C, (particles)

Any observed counts, greater than C_ (particles), should be cause for sustained resi

confirm the absence of\leaks. Sample acquisition time, T, is equal to or greater than the tin

Any observed counts greater than C,, should be cause for stationary re-measuring in sustaingd residence
time 7. In the case of using commercial DPC, T, should be set at one.or a few times the fixe

d interval of

The actual number of particle counts which characterize a.designated leak, Ny, for 7; can be obtained from

(B.6)

(B.7)

tion time T
he spent for

(B.8)

dence time

investigating with the probe at the leak location.

When scanning manually, the detection of a potential leak is possible by observing the visual and/or
acoustic output of the DPC. To be able to distinguish between acceptable and non-acceptable counts, the
aerosol concentration in front of a filter should be adapted so that the tolerable particle count is not higher

than 10 particles.

Sampling interval of the DPC should be long enough to avoid the affect of reset time between intervals.
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B.6.3.6.7 Detection of leakage by stationary re-measuring

a)

b)

B.6.3.7 RLvision for non-standard flow rate

Observed counts smaller than C, (particles)

The observed counts for 7}, equal to or smaller than C, confirm an absence of leaks.

Observed counts larger than C, [particles]

If observed count exceeds C,, stationary re-measuring may be considered. If observed count still
exceeds C,, the filter should be considered to have a leak.

Standard legk penetration leak, P, is defined with a standard sample flow-rate, g, = 472 cm3/3(28,3 I/rin).
Particles cqunts from leak are independent of actual sample flow-rate, g, [cm3/s], in contrast With particles

from norma| filter media. When using non-standard sample flow rate, equations could be revised as follows:

B.6.3.8 Ekample of an application with evaluation

An exampldg of the evaluation procedure is shown in Figure B.3;

34

D

Sy <|:WC(PL_PS) qu"'CcXPsXanJ N_p B.9)
P
Npa =|Co(PL=Ps) qys+CoxPsxqya| T; (8.10)
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Preparatory calculation before scanning
when g, = g, = 472 cm3/s

Upstream Filter Parameter according to the DPC
Upstream Maximum allowable Probe dimension False counts are not Sustained
concentration penetration of the parallel to the negligible, select the residence
C:=30 filter to be tested scan direction observed acceptable time
[particles/cm?] Ps=1x10" D, =2[cm] counts, T =6]s]
Ca =1 [nharticalac]

Hpartictes]

1

Factor K based on Table
B.1K =10

!

Standard leak penetration
of the filter to be tested
P =K x Ps=103

\

Expected number of particle
counts which characterize
the designated.leak,

N, [particles]
based on Table B.2
Np = 5,6 [particles]

Y

!

a) For scanning

Probe scan rate [cm/s]
S SC xPLxqy,x(DJ/N,)

=30 x 107 x 472 x 2/5,6 = 5,1 [cAls]

b) For stationary re-measuring

The actual number of N, [particles] for
stationary re-measuring,

Npa: CCXPqust 7-r
=30 x 102 x 472 x 6 =85 [particle

o7
—_—

!

!

The sample acquisition' time 7 [s]
T 2(Dy/N,)=(2/5,1) = 0,4 [s]

The observed acceptable countg
Ca= N, —2VN,, = 85-2/85 =67 [particles]

for 6 [s]

a)

If
pe

Test and evaluation procedure

Detection of potential leakage by scanning

WO Or.more counts increase in a short time (less than 0,4 [s]), stationary re-measuring
formed with the probe at the leak location.

should be

b) Detection of leakage by stationary re-measuring

If the counts do not increase, the scanned area should be considered to be leak free.

If observed counts are less than C, =67 [particles] for sustained residence time, 7, =6 [s], the position
should be considered to be leak free.

If the observed counts continue to exceed C, during extended sustained residence time, it should be
considered to have a leak.

Figure B.3 — Flow diagram of evaluation procedure
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B.6.4 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 installations with duct-mounted filters. This
procedure may also be used to determine overall leakage of multistage filter installations without individual
stage tests. These tests may also be used for terminally mounted filters as long as they are positioned in
installations with a non-unidirectional flow regime. This method is much less sensitive for finding leaks than
the methods described in B.6.2 and B.6.3[11 [6][9],

The test is performed by introducing the challenge aerosol upstream of the filters installed remotely to the
cleanroom. The particle concentration of the filtered air is then measured in the duct or air-handling unit, and
compared to the upstream concentration to determine the total efficiency or penetration of the filter

installation[{S].

The airflow velocity test (B.4) for initial qualification should be done prior performing this test.

Measuremgnts of the upstream aerosol concentration according to section B.6.2.3 (photometer method) or
B.6.3.4 (DPC method) should be taken first to verify the aerosol concentration and homogengity.
Measuremgnt of downstream aerosol concentration should be carried out at least atyone point per filter| cell
after uniforn mixing downstream of the filter. If uniform mixing does not occur, an-alternative test should be
applied. Mgasurement should be taken at several equally spaced locations in%a plane, between 30 cm|and
100 cm downstream of the filter, within the duct and at a distance of approximately 3 cm from the duct wall.
Measuremgnts of the particle concentrations upstream of the filters should be repeated at reasonable [ime
intervals to ponfirm stability of the challenge aerosol source (see B.6.2.3).

From the mleasured concentrations, the total penetrations shouldwe calculated for each downstream locgtion
and for the particle size for which the measuring apparatus should be adjusted.

None of thé penetrations should be higher than five timies the specified nominal MPPS (Most Penetrgting
Particle Size) penetration of the filter. However, for photometers this penetration should not be greater than
104 (0,01 %%). Any other acceptance criteria for the efficiency test for filters may be established by agreement
between th¢ customer and the supplier.

Repairs or [rectification of leaks may be.made according to B.6.6 or by procedures agreed between| the
customer and the supplier.

NOTE Hor applications, where ducted filters are required to be leak tested by scanning, the methods describéd in
B.6.2 and B.$.3 should be used.

B.6.5 Apparatus and materials for installed filter system leakage tests

Apparatus gpecified in"B.6.5.1 to B.6.5.4 should have a valid calibration certificate.

B.6.5.1 Aerosol photometer with logarithmic or linear function (see C.6.1).

B.6.5.2 - the

capability to detect the particle size relevant to the leak test being undertaken. DPC and aerosol photometers
are limited to use in instances where the background counts or concentrations are less than 10 % of that
which characterizes a designated leak.

B.6.5.3

Suitable pneumatic or thermal aerosol generator(s) to provide appropriate challenge aerosol
concentration in the appropriate size range (see C.6.3).

B.6.5.4 Suitable aerosol dilution system.
B.6.5.5 Suitable aerosol source substances (see C.6.4).
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B.6.6 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
considered.

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

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

After the repair has been completed and a suitable cure time has been allowed, the leak’ sit¢ should be
resganned for leaks using the defined method.

B.6/7 Test reports

By agreement between the customer and supplier, the following informationand data should be fecorded as
desgribed in Clause 5:

a) |test method: photometer or discrete-particle counter (DPC);
b) |type designations of each measurement instrument and apparatus used and its calibration stajus;

c) |any special condition or departures or both from thisdest method and any special procedure$ agreed on
between the customer and the supplier;

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

e) |sample flow rate; and for DPC measurements, the particle size range;
f) |calculated average upstream aerosol concentration and its distribution;
g) |calculated acceptance critéria‘applied for the downstream measurements;

h) [result of the downstream measurement for each clearly identified filter, area section orl measuring
location;

i) [final result ofthe’test for each defined location;

j) [if theredis_no leakage then test passed, otherwise if there is leakage then report leak location, repair
actiop.,and result of re-testing the location.

B.7 Airflow direction test and visualization

B.7.1 Principle

The purpose of airflow direction test and visualization is to confirm that the airflow direction and its uniformity
conform to the design and performance specifications and, if required, spatial and temporal characteristics of
airflow in the installation.

NOTE Computational Fluid Dynamics (CFD) used as a predictive or analytical tool is not considered in this part of
I1ISO 14644.
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hods

direction test and visualization can be performed by the following four methods:

tracer thread method;

tracer injection method;

visualization method by image processing techniques;

visualization method by the measurement of velocity distribution.

B.7.2 Met
The airflow
a)

b)

c) airflow
d) airflow
By methods

a) and b), airflow in the installation is actually visualized by the use of fibre tracer thread;.on tr

acer

particulate matter. Storage devices such as a video camera, chemical films, disks or tapes record the-profiles.

The fibre tr
airflow prof
may be use

Method c)
technique is

Care shoul

investigated.

NOTE 1

B.7.3 Pro

B.731 T
The test is
These are

They providg

hcer thread or tracer particulate should not be a source of contamination, and shouid follow
e accurately. Other apparatus such as a tracer particle generator, and high intensity light so
d for these methods.

is used to demonstrate quantitatively the airflow velocity distributions~in the installation.
based on tracer particle image processing techniques using computers.

d be taken to ensure that the operator(s) do not interfere with the airflow patterns b

he airflow is affected by other parameters such as air pressure difference, air velocity, and temperature.
cedures for airflow direction test and visualization

racer thread method
carried out by observation of tufts, e.g.'silk threads, single nylon fibres, flags or thin film ta

e visual indication of the airflow djréction and fluctuations due to turbulence. Effective lighting

aid observation and recording on the indicated-airflow. The airflow deflection is measured between two pq

(example 2

B.732 T

The test is
intensity lig
The tracer
generated 3

The desired

m to 0,5 m) to calculate the deviation angle.

racer injection method

carried out by observation or imaging of the behaviour of tracer particles illuminated by h
nt sources, and-provides information about the direction and uniformity of airflow in installati
barticles can/bevgenerated from materials such as de-ionized (DI) water, sprayed or chemi
Icohol/glycdletc. The source should be carefully selected to avoid contamination of surfaces.

should be
gravitation

1

rgesenough to be detected with the available image processing techniques, but not so large

the
Lirce

The

Eing

pes.

bet on the tip of support sticks or mounted on the crossing points of thin wire grids in the airflow.

will
ints

igh-
DNS.
Cally

size-of droplets should be considered when selecting the droplet generation method. Droplets

that

or.other effects will result in their motion diverging from that of the airflow being observed.

B.7.3.3 Airflow visualization method by image processing techniques

Processing particle image data derived from the method described in B.7.3.2 on video frames or films provide
quantitative characteristics of airflow by way of two-dimensional air velocity vectors in the area. The
processing technique requires a digital computer with suitable interfaces and the appropriate software. For
greater spatial resolution, devices such as a laser light sources can be used.
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B.7.3.4 Airflow visualization method by the measurement of velocity distributions
The velocity distributions of airflow can be determined by setting air velocity measuring apparatus, such as

thermal or ultrasonic anemometers, at several defined points in the installation under investigation. Processing
of the measured data provides the information about the airflow distribution.

B.7.4 Apparatus used for airflow direction test and visualization

The apparatus used for the airflow direction test and visualization is different for each test method. The
apparatus suitable for each test method is given in C.7.

B.7\5 Test reports

By pgreement between customer and supplier, the following information and data sheould” be fecorded as
desg¢ribed in Clause 5:

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

d) |images stored on photographs or video cassettes, or raw data~fer each measurement, in the|case of the
image processing technique or the measurement of velocity(distributions, if specified;

e) |aplan of the exact location of all apparatus should accémpany the flow visualization report;

f) |occupancy state(s).

B.§ Temperature test

B.8|1 Principle

The| purpose of this test is to demanstrate the capability of the installation's air-handling system|to maintain
the pir temperature level within-the control limits and over the time period agreed between the cystomer and
supplier for the particular area being tested. Portions of the test methods given in B.8 have been afapted from
IEST-RP-CCO006.3[15]. Two-levels of test methods are presented. The first is a general test, described in
B.8.R2.1, which defines pfocedures suitable for a primary test of an installation in the as-built state. [The second
is alJcomprehensive test{\described in B.8.2.2, which is applicable in at-rest or operational states. This second
test|is applicable totareas having more exacting temperature performance requirements.

B.8|/2 Procedure for temperature test

B.8J2.1 \ General temperature test

This test is performed following completion of the airflow uniformity tests and adjustment of the air-
conditioning system controls. This test should be performed after the air-conditioning system has been
operated and the conditions have been stabilized.

The temperature should be measured at a minimum of one location for each temperature-controlled zone.
Each sensor should be placed at the designated location at work-level height.

After sufficient time is allowed for the sensor to stabilize, the temperature reading at each location should be
recorded.

Measurements should be performed as appropriate for the purpose of application and the measurement time
should be at least 5 min with one value recorded at least every minute.

© IS0 2005 — Al rights reserved 39


https://standardsiso.com/api/?name=8ba24cc4150c23f584774e81649cca6f

ISO 14644-3:2005(E)

B.8.2.2 Comprehensive temperature test
This test is recommended for areas having strict environmental control specifications.

This test should be performed at least 1 h after the air-conditioning system has been operated and the
conditions have been stabilized.

The work zone should be divided into a grid of equal areas. Individual testing areas should be selected by
agreement between the customer and supplier.

The number of measuring locations should be at least two.

The temperlature probe should be positioned at work-level height and at a distance of no less than 300|mm
from the celling, walls, or floor of the installation.

The probe position should be selected with due consideration of the presence of heat sources.

Measuremgnts should be performed as appropriate for the purpose of application and thesmeasurement fime
should be af least 5 min with one value recorded at least every minute.

B.8.3 Apparatus for temperature test

The temperature test should be performed using a sensor that has acCuracy as defined in 1ISO 7726| for
example:

a) thermometers;
b) resistafce temperature devices;

c) thermigtors.

range for thg difference between the set point temperature and the permissible range of variation allowed from

The minimIem measurement resolution requirement \for the apparatus is 1/5 of the allowable tempergture
t.

that set poi

The apparajus should have a valid calibration certificate.

B.8.4 Test reports

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

a) type ofltests and'measurements, and measuring conditions;

b) type dgsignations of each measurement instrument and apparatus used and its calibration status;

c) measutement point locations;

d) occupancy state(s).

B.9 Humidity test

B.9.1 Principle

The purpose of this test is to demonstrate the capability of the installation's air-handling system 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. Portions of the test method
given in B.9 have been adapted from IEST-RP-CC006.3[15].
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B.9.2 Procedure for humidity test

The test is performed following completion of the airflow uniformity tests and the adjustment of air-conditioning
system controls.

This test should be performed with the air-conditioning system fully operational and when stable conditions

hav

e been achieved.

The humidity sensor should be located at least at one location for each humidity control zone, and sufficient
time should be allowed for the sensor to stabilize.

Megsurements should be performed as appropriate for the purpose of application after the
staljilized, and the measurement time should be at least 5 min.

The

cusfomer and the supplier.

The|humidity test should be performed in conjunction with the temperature test.

B.9

13 Apparatus for humidity test

sensor has

measurement points, frequency, intervals and period for data recording should be’agreed hetween the

Humidity tests should be performed using a sensor that has accuracy appropriate to the meagurement as

stat

Typ

ed in 1ISO 7726.

cal sensors are:

dielectric thin film capacitor humidity sensor;
dew point sensor;

psychrometer.

minimum measurement resolutionfor.the apparatus should be 1/5 of the allowable humidity r

diffgrence between the set point humidity and the permissible range of variation allowed from th

apparatus should have a validtcalibration certificate.

l14 Test reports

Cribed in Clause-5:
type of tests>and measurements, and measuring conditions;

type designations of each measurement instrument and apparatus used and its calibration sta

t€Emperature;

hnge for the
At set point.

bgreement between_customer and supplier, the following information and data should be fecorded as

fus;

measured point locations;

occupancy state(s).
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B.10 Electrostatic and ion generator tests

B.10.1 Principle

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
installation component. The static-dissipative property is evaluated by measuring surface resistance and
leakage resistance on the surfaces. The ion generator test is performed to evaluate the performance of ion
generators by measuring the discharge time of initially charged monitors, and by determining the offset
voltage of isolated monitoring plates. The results of each measurement indicate the efficiency of eliminating
(or neutralizing) static charges and the imbalance between the amount of generated positive and negétive
ions.

B.10.2 Procedures for electrostatic and ion generator tests

B.10.2.1 Procedure for electrostatic test

B.10.2.1.1 |[Measurement of surface voltage level

The presenge of positive or negative electrostatic charges on work and productisurfaces is measured using an
electrostati¢ voltmeter or fieldmeter.

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

To measur¢ the surface voltage, place and hold the probe near the object surface whose charge is t¢ be
measured. [The probe should be held in the same~manner as for the zero adjustment. For a yalid
measuremgnt, the surface area of an object should<be sufficiently large, compared with the probe apefture
size and prgbe-to-surface spacing.

Record the readout of the electrostatic voltmeter.

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

B.10.2.1.2 |[Measurement of the-static-dissipative property
The static-dissipative property is evaluated by measuring surface resistance (resistance between diffdrent

positions om} the surface).and the leakage resistance (resistance between the surface and ground). These
values are neasuredUsing a high resistance meter.

Surface or Jeakage resistance is measured using electrodes that have appropriate weight and dimensipns.
These eIec‘rodes 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.10.2.2 Procedure for ion generator test

B.10.2.2.1 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 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.
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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.10.2.2.2 Measurement of discharge time

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

The

change of static charge on the plate is measured while expasing the plate to the airflow that i

s ionized by

the
an 6

Disq
109

Disq

Tes

B.10.2.2.3 Measurement of offset voltage

Offs

The

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

ont

The
bec

The

in th
sup

B.1

bipolar ion generators being evaluated. The change in plate voltage over time should be mea|
lectrostatic voltmeter and a timer.

harge time is defined as the time that is necessary for the static voltage on the plate to be
o of the initial voltage condition.

harge time should be measured for both negative and positive charged plates!

point locations and results for acceptance criteria should be agreed hetween customer and sy

et voltage is measured using a charged plate monitor mounted on an isolator.

charge on the isolated plate is monitored by an electrostatic voltmeter.

he plate is zero.

offset voltage is measured by exposing the plate to the ionized airflow until the voltmg
bmes stable.

acceptable offset voltage of an ion-generator depends upon the electrostatic charge sensitivif
e work area. The acceptable offset voltage should be determined by agreement between cU
lier.

0.3 Apparatus for electrostatic and ion generator tests

Electrostatic voltmeter or electrostatic field meter for measurement of the surface electrost
level for the electrostatic test;

high resistance ohm meter for measurement of the static-dissipative property for the electrosts

electrostatic voltmeter, or electrostatic field meter and conductive monitoring plate, or ch
ronitor for the ion generator test.

sured using

reduced to

pplier.

that voltage

ter readout

y of objects
stomer and

atic voltage

tic test;

arged plate

This apparatus is described in C.11. The apparatus should have a valid calibration certificate.

B.10.4 Test reports

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

a)
b)

c)

type of tests and measurements, and measuring conditions;

type designations of each measurement instrument and apparatus used and its calibration status;

temperature, humidity and other environmental data if relevant;
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d) measuring point locations;

e) occupancy state(s);

f) otherd

B.11 Pa

B.11.1 Pri

ata relevant for measurement.

rticle deposition test

nciple

This test dgscribes procedures and apparatus for sizing and counting particles that are or can be depos
from the aif onto product or work surfaces in the installation. Deposited particles are collected an\witpess
plates with pppropriate surface characteristics similar to those of the at-risk surface under consideration,

are sized

d counted using optical microscopes, electron microscopes, or surface scanning apparatu

particle fallput photometer may be used to obtain particle deposition rate data. Data for deposited part

should be r
B.11.2 Pr

B.11.2.1 C

The witnesg
the same €
when manif

a) Verify

b) Identify
concen
witness

¢) Mainta
the tes

d) Transp
contam

e) Exposs
its mod
adjuste
statistiq

f)  Cover
protect

ported in terms of mass or number of particles per unit surface area per unit of\time.
pcedure for particle deposition test

pllection of particles on witnhess plates

plate should be placed in the same plane as the at-risk surface. The witness plate should b
ectrical potential as the test surface. The following procedures and methods should be follg
ulating witness plates.

hat all cleanroom systems are functioning correctly}iin ‘accordance with operational requiremen
tration to the lowest possible level. Determine the background concentration of particles on ¢
plate.
n 10 % of the witness plates as cantrols. These should be handled in exactly the same manne
witness plates without exposure.
inating their surfaces.
the test witness plates for time intervals ranging up to 48 h, depending upon the cleanroom t
e of operation, and‘the particle counting apparatus that will be used. The exposure time shoul
d, if necessafy, to obtain sufficient particle deposition upon the witness plate surface to pro|

ally valid datathat satisfies user requirements.

hnd collect the exposed witness plates and stores them in their closed containers so that they
bd.-frem further contamination.

ited
and

5. A
cles

e at
wed

ts.

each witness plate uniquely and clean it as“required in order to reduce the surface paiticle

ach

pbrt all witness plates to the_test locations in such manner as to prevent airborne particles from

ype,
1 be
vide

are

B.11.2.2 Counting and sizing collected particles

Counting and sizing of particles collected on witness plates is carried out to obtain reproducible data that can
be used to categorize the cleanliness of the area being tested.
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When using an optical light microscope, calibrated linear or circular graticules may be used for the particle
sizing measurements. With an electron microscope, calibrated gratings with known line spacing may be used
to relate the image dimensions to actual size. When using a surface scanner, size calibration information
supplied by the manufacturer may be used. Data from counts over a partial area of the witness plate may be
extrapolated to the entire plate surface area (statistical counting). Extrapolation may be made as described in
Reference [4]:

a)

Count and size the particles on all witness plates, including the control plates. Enumerate the

particles on

the total area of all witness plates and categorize them in appropriate particle size ranges, based on the

particle diameters.

Determine the surface concentration of deposited particles for each witness plate:

N{-N

D is the deposited surface concentration of particles;
N; is the total surface concentration of particles;

N is the number of particles larger or equal to the defined minimum size on the w
surface after cleaning, but before exposure to the éleanroom environment;

A,, s the witness plate area, in square centimetres.
Average the values of D for the control witness plates.

Determine the net increase in surface concentration for each witness plate by subtracting {
control witness plate concentration fromcthe average test witness plate concentration. Div
concentration by the test witness plate exposure time. This calculation yields a particle def
(PDR) in terms of particles deposited per square centimetre per unit of time.

Record the mean PDR value and jts standard deviation.
1.3 Apparatus for particle deposition test

.3.1 Witness plate-material

micro-pofous membrane filters;

double-sided adhesive tape;

ending upon particle size to be detected and means of measurement the following may be usegd:

(B.11)

tness plate

he average
ide the net
osition rate

Petridishes;

Petri dishes containing a contrasting colour (black) polymer, such as polyester resin;
photographic film (sheet);

microscope slides (plain or with evaporated metal film coating);

glass or metal mirror plates;

semiconductor wafer blanks;

glass photo mask substrates.
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The surface smoothness of the witness plate should be appropriate to the size of the particles that will be
counted to ensure that the particles are easily visible. The means of measurement employed should be
capable of resolving and measuring the smallest particle size to be enumerated.

B.11.3.2 Additional apparatus

Various apparatus may be used for counting and sizing particles that have settled onto the witness plate
surface. These fall into four general categories, depending upon the size of the particles of concernl25] [28]:

a) light microscopes (particles larger than or equal to 2 um);

b) electrop microscopes (particles larger than or equal to 0,02 pm);

c) surfacq analysis scanners (particles larger than or equal to 0,1 pm);

d) particlg fallout photometer (up to 1 % covered of surface area).

When chooping the counting and sizing apparatus to be used, consideration should bergiven to the detegtion
of particles|in the relevant size range. Other factors to be considered include theime required for sample
collection apd analysis, the time required for characterization of the method. The @pparatus used should have
a valid calibration certificate.

B.11.4 Test reports

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 dgsignations of each measurement instrument-and apparatus used and its calibration status;

c) measufed point locations;

d) occupdncy state(s).

B.12 Regovery test

B.12.1 Principle

This test is| performed to/determine the ability of the installation to eliminate airborne particles. Cleanlipess
recovery pgrformance-after a particle generation event is one of the most important abilities of the installafion.
This test is| only impoftant and recommended for non-unidirectional airflow systems because the recopery
performancg is a'‘function of air re-circulation ratio, inlet-outlet airflow geometry, thermal conditions and the air
distribution

contaminati

This test is not recommended for ISO Classes 8 and 9.

When an artificial aerosol is used, residue contamination of the installation should be avoided.

B.12.2 Cleanliness recovery performance

Recovery performance is evaluated by using the 100:1 recovery time or the cleanliness recovery rate. The
100:1 recovery time is defined as the time required for decreasing the initial concentration by a factor of
0,01 times and the cleanliness recovery rate is defined as the rate of change of particle concentration by time.
It is possible to estimate both of them from the same particles concentration decay curve.
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The measurements should be made inside the time range where the decay 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 the coincident loss should occur or so low that the counting
uncertainty should occur.

NOTE The experimental evaluation of the 100:1 recovery time is the preferred measurement procedure.

B.12.3 Procedure for recovery test

B.1

24 Ev 4001 vroc o ors [P
I e ma = TUUT

Dirg
part

Car
calg
manx
con
(B.1

a)

b)

ct measurement of the 100:1 recovery time can be performed when it is possible to(set U
cle concentration at 100 or more times the target cleanliness level.

ulate the concentration required to carry out the 100:1 recovery time test. If theconcentration
imum capability of the DPC such that coincidence occurs either use thé\dilution system,
Centration to avoid coincidence or replace the 100:1 recovery time fest with the recove
2.3.2).

Set up the particle counter in accordance with the manufacturer's instructions and thg
calibration certificate.

Place the DPC probe at the testing point, the measuring points and the number of measurem
be determined by agreement between the customer and’supplier. The DPC probe should ng
directly under the air outlet.

Adjust the single sample volume to the same value used for determining the cleanliness class

10 s.

by the DPC corresponds to that of.the maximum number concentration of the aerosol.

are in operation.
Raise the initial particle’concentration to 100 or more times the target cleanliness level.

Commence measurements at 1 min intervals. Note the time when the particle concentration
100 x target concentration threshold (#4g,,)-

Note the-time when the particle concentration reaches the target cleanliness level, (z,).

p the initial

b should be taken to avoid coincidence error and potential contamination of the DRC optics. Bgfore testing,

pxceeds the
reduce the
[y rate test

apparatus

ents should
t be placed

The delay-

time of the counter from starting each countfo the output recording should be adjusted to ng more than

The particle size used in this test should be less than 1 uym. It is recommended that the size channel used

The cleanroom area to be @xamined should be contaminated with an aerosol while the air-hgndling units

reaches the

The 100:1 recovery time is represented by 74 o1 = (¢, — #100,)-

B.12.3.2 Evaluation by recovery rate

Recovery performance can be determined from the slope of particle concentration decay curve at the required
cleanliness class (see ISO 14644-1), as follows:

a)

b)

plot the data of decreasing particle concentration on a square coordinate graph with the time values on

the abscissa and the concentration values on the ordinate by a logarithmic scale;

cleanliness recovery rate is obtained from the slope value of the line.
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The cleanliness recovery rate between two successive measurements is calculated from the following

equation:

n=—2,3><%|og1o[g—;] (B.12)
where

n is the cleanliness recovery rate;

ty is {heime elapsed between the Tirst and second measurement ;

Cp s tfhe initial concentration;

C, is the concentration after time #,

= exp(-n ty)
Average five to ten of recovery rate values obtained in a measurement.
The recovery rate and 100:1 recovery time can be related as follows:
n=-3x Iogm[ij:—zsx L (-2)=4,6x L (4.13)
10,1 100 1001 10,1

B.12.4 Ap

paratus and measurement points for recovery test

The apparajus listed below should have a valid calibration certificate.

The numbe

B.12.4.1
those descr

B.12.4.2

B.12.4.3

- of measuring points may be decided by the agreements between customer and supplier.

Aerosol generator and artificially generated aerosol, which have the same characteristic
bed in B.6.

Discrete-particle counter' (DPC), which has the efficiency described in C.1 and C.6.

Dilution system,.if hecessary, as described by C.12.3.

B.12.5 Test reports

By agreem
described ir

Clause'5:

bnt between customer and supplier, the following information and data should be recorded as

aidnatinne Af Aok anatiraraant tnote g At A

a) typede
b)

c)
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number and location of measured points;

occupancy state(s).
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B.13 Containment leak test

B.13.1 Principle

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

B.13.2 Procedures for containment leak test

B.13.2.1 Discrete-particle counter (DPC) method

Med

doofway to be evaluated. This concentration should be greater than the cleanroom concentration
of 1P3, and equal to at least 3,5 x 10° particles/m3 at the particle size to be measuredxIf the con
less|, generate an aerosol to increase the concentration.

sure the particle concentration outside the cleanroom enclosure immediately adjacent to the surface or

by a factor

centration is

To ¢heck for leakage through construction joints, cracks or service conduits;nscan inside the englosure at a

distdance of not more than 5cm from the joint, seal or mating surfaces~to be tested at a g
appfoximately 5 cm/s.

To ¢

Recprd and report all readings greater than 102 times the measured external aerosol particle cong
the pppropriate particle size.

NOTE The number and location of test points for this measurement are determined based on agreen
custpmer and supplier.

B.13.2.2 Photometer method

Prodluce an aerosol outside the cleanroom or device in accordance with B.6.2.2 in concentration |

toc

Are

To ¢
no

—

To
0,3

Red

B.1

heck for intrusion at open doorways, flow visualization methods.are recommended.

huse the photometer to exceed full.scale on the 0,1 % setting.
ading on the photometer 0,1 %\setting in excess of 0,01 % indicates a leak.

heck for leakage through.the construction joints, cracks or seams scan inside the enclosure af
more than 5 cm from the)joint, or seal surface to be tested, at a scan rate of approximately 5 cr

check for intrusion”at open doorways, measure the concentration inside the enclosure at a
m to 1 m from-the’open door.

pord and report all readings in excess 0,01 % of the photometer scale.

3.3 Apparatus for containment leak test

can rate of

entration at

ent between

igh enough

distance of
n/s.

distance of

The

following apparatus should have a valid calibration certificate.

B.13.3.1  Artificially generated aerosol source, as described in B.6.5;

B.13.3.2

which should have a lower particle size discrimination capability of 0,5 ym or smaller;
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B.13.4 Test reports

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

a) type designations of each measurement instrument and apparatus used and its calibration status;
b) data collection technique;

c) measurement point locations;

d) occupancy state(s).
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Annex C
(informative)

Test apparatus

3:2005(E)

This annex describes the measuring apparatus that should be used for the recommended tests given in this

part

of ISO 14644.

In th

app
use
sele
seq
the

This

Alte
sup

C.1

CA
airb

The

bratus. Items are listed and numbered to correspond with Annex B, e.g. the apparatus(niimk
j in the test procedure given in B.1. Those responsible for planning tests may refer-tor Ann
ction of test apparatus and to Annex A for a checklist of recommended tests of, an’installa
lence in which to carry them out. Measuring apparatus should be chosen subjectto agreem
customer and supplier.

annex is informative, and should not prevent the use of improved apparatus as it becoms

Fnative test apparatus may be appropriate and may be used subject to-agreement between cy
blier.

Airborne particle count

1 Light-scattering discrete-particle counter DPC;, instrument capable of counting and 3
brne particles and reporting size data in terms of equivalent optical diameter.

specifications for the light-scattering discrete:particle counter are given in Table C.1.

Table C.1 — Specifications/for the light-scattering discrete-particle counter

!

is annex, data given in Tables C.1 to C.29 indicate the minimum necessary requirements for Jaach item of

ered C.1 is
bx C for the
on and the
nt between

s available.
stomer and

izing single

Item Specification

Ser]

sitivity/resolution?® Chaseén between 0,1 um to 5 ym with < 10 % size resolution

Ung

ertainty of measurement +20 % of concentration error at the size setting

Cal

bration interval 12 months maximum or specified performance verification

Col

(50 £ 20) % at minimum size threshold and (100 + 10) % for particles gre

nting efficiency equal to 1,5 times the minimum threshold size

ater than or

Low

False count rate is insignificant in comparison to actually expected minim
rate. The low count rate should be zero particles for a certain time (e.g. n
5 min)

er concenfration range

Lim counting
0 counts for

UpH

Two times greater than upper limit of the installation cleanliness class con

erconcentration range point of use, and no more than 75 % of the manufacturer's maximum re

Centration at
commended

concentration

a

Apparatus with particle sizing resolution greater than 10 % can produce particle count results that can vary up to one order of
magnitude.
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