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Foreword

ISO (the International Organization for Standardization) is a worldwideyfeq
national standards bodies (ISO member bodies). The work of prepa¥ing” In
Standards is normally carried out through ISO technical committees, Each me
interested in a subject for which a technical committee has been established h§
to be represented on that committee. International organizations, governn
nongovernmental, in liaison with ISO, also take part in the wark! 1ISO collabora
with the International Electrotechnical Commission (IEC) on.all matters of elect
standardization.

eration of
ernational
mber body
s the right
ental and
es closely
otechnical

Draft International Standards adopted by the technical committees are circulgted to the

member bodies for voting. Publication as an Inteémnational Standard requires &
at least 75% of the member bodies casting.avote.

International Standard ISO 14644-1 was prépared by Technical Committee IS
Cleanrooms and associated controlledenvironments.

ISO 14644 consists of the following parts, under the general title Cleanr
associated controlled environments:

— Part 1: Classification of-air cleanliness

— Part 2: Specificationis for testing and monitoring to prove continued d
with ISO 14644-1

— Part 3: Metralogy and test methods

— Part 4 Design, construction and start-up
— Paut 5: Operations

—( Rart 6: Terms and definitions

— Part 7: Enhanced clean devices

Users should note that the titles listed for parts 2 to 7 are working titles at the

pproval by

O/TC 209,

boms and

ompliance

ime of the

release of part 1. In the event that one or more of these parts are deleted fromn the work

programme, the remaining parts may be renumbered.

Annexes B and C form an integral part of this part of ISO 14644. Annexes A, [
are for information only.

,E,and F
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Introduction

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

devices, food,

This part of ISC
aircleanlinessi
standard meth
airborne particl

For classificati
considered parj
14644 also pro
ness levels thaf
size range des

This part of IS
contamination

considered in 1
controlled envin
Standards preq

In some circum
or restrictions.
dures may be 1

nd healthcare.

14644 assigns I1SO classification levels to be used for the specification of
h cleanrooms and associated controlled environments. Italso prescribes the
d of testing as well as the procedure for determining the concentration of
bS.

n purposes, this part of ISO 14644 is limited to a designated range of
icle sizes for determination of particle concentration limits. This paft of ISO
vides standard protocols for the determination and designatien of cleanli-
are based on airborne concentrations of particles smaller of larger than the
gnated for classification.

D 14644 is one of a series of standards concerned\with cleanrooms and
control. Many factors besides airborne particulate cleanliness must be
he design, specification, operation, and control-of cleanrooms and other
pnments. These are covered in some detail inother parts of the International
ared by ISO/TC 209.

stances, relevant regulatory agencies may impose supplementary policies
n such situations, appropriate adaptations of the standard testing proce-
pquired.

©1S0


https://standardsiso.com/api/?name=7d8c35585013189e8a095e56d59d4024

onthreshold

INTERNATIONAL STANDARD © ISO ISO 14644-1:1999(E)

Cleanr i i —

Part 1:

Classification of air cleanliness

1 SCOpEB cles inside the room, and in which other relevant pgrameters,
e.g. temperatures humidity, and pressure, are comtrolled as

This part of I$O 14644 covers the classification of air cleanli- necessary

ness in cleanfrooms and associated controlled environments

exclusively in terms of concentration of airborne particles. 21.2

Only particle qopulations having cumulative distributions based clean Zone

I

considered fq

This part of |
particle popu
sizerange, 0,
(particles sm
larger than 5
terms of U dd

This part of
physical, che
particles.
NOTE Thed

mental size rary
over time.

ower limit) sizes ranging from 0,1 umto 5 umare
r classification purposes.

50 14644 does not provide for classification of
ations that are outside of the specified particle
I umto 5um. Concentrations of ultrafine particles
bller than 0,1 um) and macroparticles (particles
im) may be used to quantify these populations in
scriptors and M descriptors, respectively.

SO 14644 cannot be used to characterize the
mical, radiological, or viable nature of airborne

ctual distribution of particle-cencentrations within incre-
ges normally is not predictable and typically is variable

2 Defini

ions

ses of this part of ISO 14644, the following

dedicated space in which the concentration of airb
cles’ is controlled, and which is constructed and
mannerto minimize the introduction, generation, an
of particles inside the zone, and in which othe
parameters, e.g. temperature, humidity, and pre
controlled as necessary

NOTE This zone may be open or enclosed and may or
located within a cleanroom.

213

installation

cleanroom or one or more clean zones, togeth
associated structures, air-treatment systems, sery
utilities

21.4

classification

level (or the process of specifying or determining th

airborne particulate cleanliness applicable to a cle
clean zone, expressed in terms of an ISO Class

brne parti-
used in a
I retention
r relevant
Esure, are

may not be

br with all
ices, and

e level) of
hnroom or
N, which

2.1 Gene

21.1

cleanroom

ral

room in which the concentration of airborne particles is con-
trolled, and which is constructed and used in a manner to

minimize the

introduction, generation, and retention of parti-

TEPresents maximum allowable concentrations (i
per cubic metre of air) for considered sizes of particles

particles

NOTE 1 The concentrations are determined by using equation (1)
in 3.2.

NOTE 2  Classification in accordance with this International Stan-
dard is limited to the range extending from ISO Class 1 through ISO
Class 9.

NOTE 3  The considered particle sizes (lower threshold values)

applicable for classification in accordance with this International
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Standard are limited to the range from 0,1 pm through 5 pm. Air
cleanliness may be described and specified (but not classified) in
terms of U descriptors or M descriptors (see 2.3.1 or 2.3.2) for
considered threshold particle sizes that are outside of the range
covered by classification.

NOTE 4  Intermediate I1SO classification numbers may be speci-
fied, with 0,1 the smallest permitted increment; i.e., the range of
intermediate 1SO classes extends from ISO Class 1,1 through ISO

©1S0O

2.3 Descriptors

2.3.1

U descriptor
measured or specified concentration, of particles per cubic
metre of 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,

Class 8,9.

NOTE 5  Clasgification may be specified or accomplished in any of
three occupancy|states (see 2.4).

2.2 Airborpe particles

221

particle
solid or liquid object which, for purposes of classification of air
cleanliness, falls within a cumulative distribution that is based
upon a threshold (lower limit) size in the range from 0,1 um to
5um

2.2.2

particle size
diameter of a gphere that produces a response, by a given
particle-sizing instrument, that is equivalent to the response
produced by thg particle being measured

NOTE For dis¢rete-particle-counting, light-scattering instruments,
the equivalent ogtical diameter is used.

223

particle concentration
number of indiyidual particles per unit volume of air

224

particle size dlstribution
cumulative distfibution of particle coneeniration as a function of
particle size

225

ultrafine parti¢le
particle with an|equivalent diameter less than 0,1 um

2.2.6

depending upon the number of sampling locations used te gharacter-
ize the cleanroom or clean zone). U descriptors canhoét b¢ used to
define airborne particulate cleanliness classes, jout/they| may be
quoted independently or in conjunction withpairborne pprticulate
cleanliness classes.

2.3.2

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

NOTE The Mdgscriptor may be regarded as an upper lirpit for the
averages at 'sampling locations (or as an upper confidepce limit,
dependingupon the number of sampling locations used to gharacter-
ize the cleanroom or clean zone). M descriptors cannot bg used to
define\airborne particulate cleanliness classes, but they| may be
quoted independently or in conjunction with airborne pprticulate
Cleanliness classes.

2.4 Occupancy states

2441

as-built
condition where the installation is complete with all pervices
connected and functioning but with no production eqgiipment,
materials, or personnel present

24.2

at-rest
condition where the installation is complete with equipment
installed and operating in a manner agreed upor| by the
customer and supplier, but with no personnel present

2.4.3

macroparticle
particle with an equivalent diameter greater than 5 um
2.2.7

fibre
particle having an aspect (length-to-width) ratio of 10 or more

upel'aﬁoﬂa:
condition where the installation is functioning in the specified
manner, with the specified number of personnel present and
working in the manner agreed upon
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Table 1 — Selected airborne particulate cleanliness classes for cleanrooms and clean zones

Maximum concentration limits (particles/m? of air) for particles equal to and larger
ISO than the considered sizes shown below (concentration limits are calculated in
classification | accordance with equation (1) in 3.2)
number (N)
0,1 um 0,2 um 0,3 um 0,5 um 1um 5um
ISO Class 1 10 2
ISO Class 2 100 24 10 4
ISO Class 3 1 000 237 102 35 8
ISO Class 4 10 000 2370 1020 352 83
ISO Class 5 100 000 23 700 10 200 3520 832 29
ISO Class 6 1 000 000 237 000 102 000 35 200 8 320 293
ISO Class 7 352 000 83200 2930
ISO Class 8 3 520 000 832 000 29 300
ISO Class 9 35 200 000 8 320 000 293 000
NOTE Uncertainties related to the measurement process require{hat*concentration data with no more
than three significant figures be used in determining the classification level

2.5 Roles

251

customer
organization or the agent thereof, responsible for §pecifying
the requiremgnts of a cleanroom or clean zone

2.5.2

supplier
organization engaged to satisfy the specified requirements of
a cleanroom|or clean zone

3 Classjfication

3.1 Occupancy state(s)

3.2 Classification number

Airborne particulate cleanliness shall be designpted by a
classification number, N. The maximum permitted goncentra-
tion of particles, C,, for each considered particle [size, D, is
determined from the equation:

2,08
N 0,1\~
Cn =10" x (FJ (1)
where
C, is the maximum permitted concentratign (in parti-

cles per cubic metre of air) of airborne pgrticles that
are equal to or larger than the considergd particle
size. C,, is rounded to the nearest whole number,
using no more than three significant figufes.

N is the ISO classification number, which shall not
exceed avalue of 9. Intermediate ISO cldssification

The particulate cleanliness of air in a cleanroom or clean zone
shall be defined in one or more of three occupancy states, viz.

“as-built”, “at-rest”, or “operational” (see 2.4).

NOTE It should be recognized that the “as-built” state is applicable
to newly completed or newly modified cleanrooms or clean zones.
Once testing in the “as-built” state is completed, further testing for
compliance will be performed in the “at-rest” or the “operational” state,
or both.

numbers may be specified, with 0,1 the smallest
permitted increment of N.

D is the considered particle size, in micrometres.
0,1 is a constant, with a dimension of micrometres.

Table 1 presents selected airborne particulate cleanliness
classes and the corresponding particle concentrations for
particles equal to and larger than the considered sizes shown.
Figure A.1 (see annex A) provides a representation of the
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selected classes in graphical form. In case of dispute, the
concentration C, as derived from equation (1) shall serve as
the standard value.

3.3 Designation

The designation of airborne particulate cleanliness for clean-
rooms and clean zones shall include:

©1S0O

(when applicable) shall be calculated using equations shown
in annex C.

Average particle concentration(s), calculated in accordance
with equation (C.1), shall not exceed the concentration
limit(s) determined by use of equation (1) in 3.2, as specified
[3.3 )] for the considered size(s).

In addition, for situations in which the number of sampling
locations involved is at least two but not more than nine, the

a) the classifidgation number, expressed as TS0 Class N7
b) the occupancy state to which the classification applies;

c) the considdred particle size(s), and the related concen-
tration(s), as determined by the classification equation (1)
where each copsidered threshold particle size is in the range
from 0,1 um thjough 5 um.

Example desigpation:
ISO Class 4; operational state; considered sizes:
0,2 um (2 370 particles/m3), 1 um (83 particles/m3)

The considered particle size(s) for which the concentra-
tion(s) will be measured shall be agreed upon by the custom-
er and the supplier.

If measurements are to be made at more than one considered
particle size, each larger particle diameter (e.g., D,) shall be at
least 1,5 times|the next smaller particle diameter (e.g., D,).

e.g.: D, 2 1,5 x D,

4 Demonstration of compliance

4.1 Princi

Compliance with air cleanliness (ISO class)-requirements
specified by th¢ customer is verified by performing specified
testing procedyres and by providing spesified documentation
of the results ad conditions of testing;@s agreed upon by the
customer and the supplier.

4.2 Testin

The reference fest method for demonstrating compliance is
given in annex|B,."An alternative method having comparable
accuracy may lje specified, although if no method is specified

calculation of 95% upper confidence limits in accofdahce with
C.3 shall not exceed the concentration limjts-“established
above.

NOTE Worked examples of classification galculations arelprovided
in annex D.

Particle concentrations used for determination of conf¢rmance
to classification limits shall be-measured by the samelmethod
for all considered patrticle gizes.

4.4 Test report

The results fromitesting each cleanroom or clean zdne shall
be recorded.and submitted as a comprehensive repoyt, along
with a statement of compliance or noncompliance with the
specified designation of airborne particulate cleanlingss clas-
sification.

The test report shall include the following:

a) the name and address of the testing organization|and the
date on which the test was performed;

b) the number and year of publication of this par{ of ISO
14644, i.e., ISO 14644-1: date of current issue;

c) a clear identification of the physical location of the clean-
room or clean zone tested (including reference to adjacent
areas if necessary), and specific designations for cogrdinates
of all sampling locations;

d) the specified designation criteria for the cleanroom|or clean
zone, including the I1SO classification, the relevant ocgupancy
state(s), and the considered particle size(s);
e) details of the test method used, with any special cqnditions
relating to the test or departures from the test method, and
identification of the test instrument and its current cdlibration
certificate;

f) the test results, including particle concentration ddta for all

or agreed upon, the reference method shall be used.

Tests performed to demonstrate compliance shall be con-
ducted using calibrated instruments.

4.3 Airborne particle concentration
limits

Upon completion of testing in accordance with 4.2, average
particle concentrations and the 95% upper confidence limit

samptingfocatiomrcoordinates:

NOTE If concentrations of ultrafine particles or macroparticles are
quantified, as described in annex E, the pertinent information should
be included with the test report.
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Annex A
(informative)

Graphical illustration of the classes of Table 1

Figure A.1 depicts the air cleanliness classes of Table 1 in The classification lines shown on the graph mle not be

graphical form, for illustration purposes only. The ISO classes extrapolated beyond the solid circle psymbols, which
of Table1 are| shown as lines representing the class indicate the minimum and maximumparticle gize limits
concentration limjts for the considered threshold particle sizes. acceptable for each of the ISO classes shown.

They are based [on calculations using equation (1) of 3.2 As

the lines only approximate the class limits, they are not to be The classification lines do not répresent actual pgrticle size
used to define the limits. Such determinations are made in distributions found in cleanrooms and clean zones.

accordance with pquation (1).

10°
C,=10"x (0,1/D)*®

108 | o o o e e e AN

107

104
103

10 2

Alrborne particle concentraton, C,, particles/m?

10

10 °

0,1 0,2 0,3 0,5 1,0 5,0

Particle size, D, in pm

Figure A.1 — Graphical representation of 1SO-class concentration limits for selected
ISO classes

NOTE 1 C; represents the maximum permitted concentration (in particles per cubic metre of air) of
airborne particles equal to and larger than the considered particle size.

NOTE 2 N represents the specified ISO class number.
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Annex B
(normative)

Determination of particulate cleanliness classification using a
discrete-particle-counting, light-scattering instrument

B.1 Princ

nla

| sdAd

Adiscrete-partitle-counting, light-scattering instrumentis used
to determine thle concentration of airborne particles, equal to

and larger thar
locations.

the specified sizes, at designated sampling

B.2 Apparatus requirements

B.2.1 Pai

ticle-counting instrument

Discrete-particle counter (DPC), a light-scattering device hav-

ing a means of

displaying or recording the count and size of

discrete particlgs in air with a size discrimination capability to

detect the total

particle concentration in the appropriate par-

ticle size ranggs for the class under consideration, and a

suitable sampli

B.2.2 Ins

The instrumen
frequency and

hg system.

lrument calibration
shall have a valid calibration certificate; the
method of calibration should be based on

current acceptgd practice.

B.3 Prete:

5t conditions

B.3.1 Preparation for testing

Priorto testing,

verify that all aspects of the cleanroom or clean

zone that contifibute to its operational intégrity are complete

and functioning
tion.

in accordance with its‘peérformance specifica-

Such pretestin
a) airflow volu
b) air pressur
c) containmen|
d) installed filt

may include, for.example:
e or velacity(tests;
differeficetest;

leadkage test;

B.3.2 Pretest equipment setup

Perform equipment setup and pretest calibration of the instru-

ment in accordance with the manufacturer’s instructions.

B.4.1 Establishment of sampling
locations

B.4.1.1
Derive the minimum number of sampling point locati
equation (B.1):

N, = YA

where

ns from

(B.1)

N, is the finimum number of sampling Ipcations

(rounded up to a whole number).

A  istheareaofthe cleanroom orcleanzoneifp square

metres.
NOTE

Inthe case of unidirectional horizontal airflow, the ajea Amay

be considered as the cross section of the moving air perpengdicular to

the direction of the airflow.

B.4.1.2

Ensure that the sampling locations are evenly di
throughout the area of the cleanroom or clean z
positioned at the height of the work activity.

tributed
ne and

If the customer specifies additional sampling locatiops, their

number and positions shall also be specified.

NOTE Such additional locations may be those considerdd critical,

based on a risk analysis.

B.4.2 Establishment of single sam|
volume per location

B.4.2.1

ple

At each sampling location, sample a sufficient volure of air

that a minimum of 20 particles would be detected if thq
concentration for the largest considered particle size

particle
were at

The single sample volume V, per location is determined by

using equation (B.2):

x 1000

(B.2)
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where
% is

s

the minimum single sample volume per location,

expressed in litres (except see B.4.2.2).

C

nm IS

the class limit (number of particles per cubic

metre) for the largest considered particle size spec-
ified for the relevant class.

ISO 14644-1:1999(E)

B.5.1.2

When only one sampling location is used, calculate and record
the average value of the sample data (B.4.3.4) for each

considered particle size.

B.5.1.3

When two or more single sample volumes are taken at a
location, compute the average particle concentration for each

NOTE Whe
substantial. B
F), both the re|
samples may

B.4.2.2
The volume {
with a minim

V. is very large, the time required for sampling can be

using the sequential sampling procedure (see annex
fuired sample volume and the time required to obtain
e reduced.

ampled at each location shall be at least 2 litres,
im sampling time at each location of 1 min.

B.4.3 Sampling procedure

B.4.3.1
Set up the {
manufacture
ment calibraf

B.4.3.2

The samplin|
airflow. If th
controlled or
inlet of the s4

B.4.3.3

Sample the

article counter (B.2.1) in accordance with the
’s instructions and in compliance with the instru-
on certificate.

g probe shall be positioned pointing into the
e direction of the airflow being sampled is not
predictable (e.g., nonunidirectional airflow), tfie
mpling probe shall be directed vertically upward.

olume of air determined in B.4.2, ds.a minimum,

at each sampling location.

B.4.3.4

Where only ¢
minimum of {
tion.

B.5 Rec;
B.51 A

ne sampling location iS-tequired (B.4.1), take a
hree single sample@olumes (B.4.2) at that loca-

prding.of results
yerage concentration of

particles|abeach sampling location

95% upper confidence limit (UCL)

B.5.2.1

When the number of locations sampled is more thza
less than ten, compute-the/overall mean of the
standard deviation, and\95% upper confidence lim
average particle conCentrations for all locations (B.

ing the procedure/described in C.3.

B.5.2.2

When oenlyra single location is sampled, or when
nine are‘'sampled, computing the 95% upper confifience limit

is,not applicable.

B.6 Interpretation of results

B.6.1 Classification requirement
The cleanroom or clean zone is deemed to hay
specified air cleanliness classification if the avera
particle concentrations measured at each of the locgtions and,
when applicable, the 95% upper confidence limit
according to B.5.2, do not exceed the concentra
determined in accordance with equation (1) of 3.2

If the results of testing fail to meet the specified air g
classification, testing may be performed at additiopal, evenly
distributed sampling locations. The results of red
including data from the added locations, shall be d

B.6.2 Treatment of outliers
The result of the 95% UCL calculation may fail td

specified ISO class designation.

If the nonconi

n one and
averages,
it from the
.1) follow-

Imore than

=

D
e met the
ges of the

calculated
tion limits

leanliness
alculation,

efinitive.

meet the
pliance is

B.5.1.1

Record the result of each sample measurement as the concen-
tration of each of the considered particle size(s) (3.3) appropri-
ate to the relevant classification of air cleanliness.

NOTE Cons

ideration should be given to the requirements of B.6.1

before proceeding with the calculation of the 95% upper confidence

limit.

Ccaused by asingle, nonrandom outlier’ value resuit
erroneous measurement (due to procedural error or equip-
ment malfunction) or from an unusually low particle concentra-
tion (due to exceptionally clean air), the outlier may be ex-
cluded from the calculation, provided that:

ngfroman

a) the calculation is repeated, including all remaining sam-

pling locations;

b) at least three measurement values remain in the calcula-

tion;
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c) nomore than one measurement value is excluded from the
calculation;

d) the suspected cause of the erroneous measurement or low
particle concentration is documented and accepted by both the
customer and supplier.

NOTE Widely divergent values for particle concentrations among
the locations sampled may be reasonable and even intentional,
depending on the nature of the application of the clean installation

under test.

©1S0O
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Annex C
(normative)

Statistical treatment of particle concentration data

C.1 Rationale

This statisticdl analysis considers only random errors (Tack of
precision), nat errors of a nonrandom nature (e.g. bias associ-
ated with errgneous calibration).

m is the number of individual location averages.

C.2 Algagrithm for computation of

average
location
When multipl
shall be used

particle concentration at a
(X))

b samples are taken at a location, equation (C.1)
to determine the average particle concentration

tion shall be performed for each sampling location at which two

at the IocatiO} Calculation of the average particle concentra-
I

or more sam

|+ Xio +eet X

es have been taken.

vi

n is

C.3 Alg
95% up

C.3.1

. (€.1)

the average particle concentration at location j,
resenting any location.

are the particle concentrations of the indix
ual samples.

he number of samples taken at location_.

rithms for computation of
er confidence limit

Principle

This procedufe is applicable aenly-if the number of sampling

locations is
stances, this

ore than one and-less than ten. In such circum-
rocedure shall’be used in addition to the algo-

rithm of equafion (C.1):

All individual location averages are equally weightdd, regard-
less of the number of samples taken at any given-pcation.

C.3.3 Standard deviation of the
location averages ()

Using equation (C.3), determine the'standard devigtion of the
location averages.

=2 =2 _ =2
(xm—x) +(x,»,2—x) +...+(x,-,m—x)

(m=1)

(C.3)

s isithe standard deviation of the location ayerages.

C.34 95% upper confidence limit (UCL)
forthe overall mean
Using equation (C.4), determine the 95% upper donfidence
limit for the overall mean.

95% UCL = X + tggs (é)
s 7

(C.4)

where

thos represents the 95th percentile (quantilg¢) of the t
distribution, with m—1 degrees of freedom.

Values of the Student’s t distribution (i, 45) for the[95% UCL
are given in Table C.1. Alternatively, Student’s t digtributions
provided in statistical computer programmes are al$o accept-
able.

Table C.1 — Student’s t distribution for th¢ 95%
upper confidence limit

C.3.2 Oyerall mean of the averages (x)
Using equatien(C 2) determine the overall (grand) mean of Numberof
the averages. individual
averages
(),(‘ X bt % ) (m) 2 3 4 5 6 7-9
; _ i i,2 m“' i,m (C2)
t 63 (29 |24 (21 |20 |19
where
X is the overall mean of the location averages.
X;4to X;,, areindividuallocationaverages, determined

by using equation (C.1).
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Annex D
(informative)

Worked examples of classification calculations

©1S0O

D.1 Example 1 Therefore the minimum number of sampling locations is nine
and, as the number of sampling locations is Tess tharj ten, the

D.1.1 calculation of the 95% UCL according to annex Cisapplicable.

The cleanroom|under consideration has an area (A) of 80 m2.

Conformance With the specified airborne particulate cleanli- D.1.5

ness classificatjon is to be determined in the operational state. The single sample volume, V., , is calculated in litres in accor-

The specified ajr cleanliness classification of the cleanroom is dance with equation (B.2) (see B.4:2.%):

ISO Class 5.

D 1 2 VS = & x 1 000

Two consideredl particle sizes are specified: 0,3 um (D,) and ~ 20 1000

0,5 um (D,). © 3517 (D-4)

a) Both particlp sizes are within the size limitations for ISO = 5,69 ditres

Class 5 [see 3.B c) and Table 1]: 0,1 um < 0,3 um, 0,5 um <

5um. The result is)greater than 2 litres, and the sample| volume

b) Application pf the particle size ratio requirement, D, > 1,5 selected Was 28 litres over a period of 1 min (a flow rate
comiponly available in discrete-particle-counting lighttscatter-

x Dy[see3.3¢c
= 0,45 um).

D.1.3

The maximum
calculated in ag

For particles >

1, shows compliance: 0,5 um> (1,5 x 0,3 um

bermitted airborne particle concentrations are
cordance with equation (1) (see 3.2).

0,3 um (D,):

ing instruments).
This selection was based on:

a) Vg >2 litres (see B.4.2.2)
b) C,m>20 particles/m® (see B.4.2.1)
¢) Sampling time > 1 min (see B.4.2.2)

D.1.6

volume
rom the

2,08
C, = (%) %x10%° =10176 (D.1) At each sampling location, only one single sample
’ (28 litres) is taken (B.4.2.1). The counts obtained
rounded tp 10 200 particles/m3 measurements are recorded (B.5.1.1) below.
For particles > 0,5 um (D,): Sampling Number of ~ Number of
location particles particles
ofi2%® . (20,3 um) (20,5 um)
Cn =(ﬁJ XY (0-2) 1 245 21
rounded tp 3 52@particles/m3 2 15895 204
D.1.4 4 108 Z
The number of sampling point locations are derived in accor- 5 164 22
dance with equation (B.1) (see B.4.1.1): 6 196 o5
N, =+A = /80 = 8,94 (rounded to 9) (D.3) 7 226 23
8 224 37
9 195 19

10
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D.1.7

From the raw data (D.1.6), the number of particles per cubic
metre, x;, is calculated:

» A

ISO 14644-1:1999(E)

D.1.9

The standard deviations of the location averages are calcu-

lated in accordance with equation (C.

3) (see C.3.3).

i For particles > 0,3 um:
Samp]mg x; 20,3 um x. 20,5 um P "
location ! f
1 8 750 750 (8 750—6 349) +(6 607 —6 349)°
2 6 607 857 A2 107-6 349)° + (3 786 -6 349)
3 2107 0 %= 5| +(5 8576 349)* +(7 0006 349°
4 3786 250 +(8 071-6 349)? +(8 000 - 6349y ©0.7)
5 5 857 786 | +(6 964 -6 349) |
6 7 000 893
7 8 071 821 1
8 8 000 1321 = g x 37130073
9 6 964 679 = 4641 259,1 rounded to 4 641 259
Each calculated concentration value for 0,3 pm and 0,5 pm is
less than the limits established in D.1.3. This satisfies the first S = N4'641°259 (D.8)
part of classification (B.6.1) and therefore calculation of the _ 51542 ded to 2 154 icles/m?
95% UCL acgording to annex C can proceed. - S4@younded to 2 154 particles/m
D.1.8 For particles > 0,5 um:
Computation |of average concentration in accordance with
equation (C.1) (see C.2) is not applicable, as the sample (750 — 706)? + (857 — 706)?
volumes takeh were single volumes which represent an aver- +(0 — 706)2 + (250 — 706)?
age particle cpncentration at each location. The ov.eraII mea.lns L= — (786 — 706) +(893 - 706)2
of the averages are calculated in accordance with equation 8 5
(C.2) (see C.3.2). +(821-7086)° + (1 321-706) (D.9)
+(679 — 706)?
For particles ¥ 0,3 um:
1
] B 750+6 607+2 107 +3 786 =g X 1164 657
X = G| 857+7 000+8 071+8 (090 (D.5) = 145582,1 rounded to 145 582
-6 964
s = 4145582 (D.10)
1
= g [x 57142 = 381,6 rounded to 382 particles/m3
= 6 3§#19,1 rounded-t0‘6 349 particles/m3 D.1.10
The 95% upper confidence limits (UCL) are calgulated in
For particles 0,5 wms accordance with equation (C.4) (see C.3.4). Asthe phumber of
individual averages is m = 9, the t distribution t@gken from
= _ 1 750+857+0+250+786\ Table C.1is t = 1,9. T
X = 9| +893+821+1 321+679 ) (B-6)

1

706,

— X 6357
9

3 rounded to 706 particles/m3

95% UCL (20,3 um) = 6 349 + 1, 9(

=7 713,2

rounded to 7

2154
&

(D.11)
713 particles/m3

11
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95% UCL (>

D.1.11

0,5um) = 706 + 1,9[%)
N9
= 947,9 (D.12)

rounded to 948 particles/m3

©1S0O

x|
Il

1
5 (926 + 958 + 937 + 963 + 214)

1

= 799,6 rounded to 800 particles/m3

D.2.5

The interpretatjon of TeSUIS IS carried out according 10 B.6. 1.
In D.1.7, it was|shown that the particle concentration of each

single sample

lume is less than the specified class limits. In

D.1.10, it was shown that the calculated values of the 95% UCL

are also less th

Therefore the
room meets thq

D.2 Exan
D.2.1

This example ig

an the class limits established in D.1.3.

birborne particulate cleanliness of the clean-
required classification.

ple 2

constructed to show the influence of the 95%

UCL calculatiops on the results.

A cleanroom ig

been determin

specified for a particulate cleanliness of ISO

d to be five. As the number of sampling

Class 3in opeFtion. The number of sampling locations has

locations is mo
the 95% UCL 4

Only one partid

D.2.2

The particle co
taken from Tab

C

n

D.2.3

At each sampli
taken (B.5.1.1)
calculated for ¢

=0,

e than one and less than ten, the calculation of
ccording to annex C is applicable.

le size (D> 0,1 um) is considered.

hcentration limit for ISO Class 3 at > 0;1_jim is
le 1:

um) = 1000 particles/m?3

hg location, only one'single sample volume is
The number of particles per cubic metre, x;, is
ach location and.recorded below:

The standard deviation of the location averages is-eglculated
in accordance with equation (C.3) (see C.3.3);

(926 — 800)° + (958 — 800)°
+(937 - 800)° + (963~ 800)°

+(214 - 800)?

] (D.14)
4 X 429574

107 3935 rounded to 107 394

s = 107 394 = 327,7

rounded to 328 particles/m3

(D.15)

D.2.6
The 95% UCL is calculated in accordance with equation (C.4)
(see C.3.4):

As the number of individual averages is m=5, the t (distribu-
tion taken from Table C.1is t=2,1.

95% UCL = 800 + 2,1 [\/@j (D.16)

5

= 1108 particles/m3

D.2.7

The particle concentrations of all of the single sample yolumes

Sampling Igcation X; 2 0,1 um are less than the specified classification limit (D.2.2)
1 926 Calculation of the 95% upper confidence limit shows, However,
2 958 thatthe airborne particulate cleanliness of the cleanropm does
Z ?E’Z not meet the specified classification.
JOO
5 214 This constructed example demonstrates the effect of a single

Each value of the concentration for D=0,1 um is less than
the limit established in D.2.2. This result satisfies the first part
of classification (B.6.1) and therefore calculation of the 95%
UCL according to annex C can proceed.

D.2.4

The overall mean of the averages is calculated in accordance
with equation (C.2) (see C.3.2):

12

outlying low particle concentration (i.e. location 5) on the result
of the 95% UCL test.

Because nonconformance of the air cleanliness classification
results from application of the 95% UCL, and is caused by a
single, low particle concentration, the procedure described in
B.6.2 may be followed to determine whether the nonconfor-
mance can be waived.
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Annex E
(informative)

Considerations for the counting and sizing of particles outside
the size range applicable for classification

E.1 Principle

(particles per cubic metre) applicable to the considered size of 0,1 um

In some situaftions, typically those related to specific process
requirements| alternative levels of air cleanliness may be
specified on the basis of particle populations that are not within
the size rande applicable to classification. The maximum
permitted concentration of such particles and the choice of test
method to vefrify compliance are matters for agreement be-
tween the cugtomer and the supplier. Considerations for test
methods and|prescribed formats for specification are given
in E.2 (for U| descriptors) and E.3 (for M descriptors).

E.2.1. Ap

If contaminatipn risks caused by particles smaller than 0,1 um
are to be agsessed, sampling devices and measurement
procedures appropriate to the specific characteristics of such
particles should be employed.

The number pf sampling locations should be established-in
accordance With B.4.1 and the minimum sample volume’ V
should be 2 lifres (B.4.2.2).

E.2.2 U descriptor format

The ultrafine particle concentration of the U descriptor may be
used alone gr as a supplement to thenairborne particulate
cleanliness class. The U descriptor is.expressed in the format

“U (x; y)”, where

X is fhe maximum permitted concentration of ultrafine
pafticles (expressed as ultrafine particles per cubic
mgtre of air);

y is [the size in micrometres at which the applicable
digcrete-particle counter counts such particles with

for the specified 1ISO class.

E.3 Consideration of particles larger
than 5 um (macroparticles) —
M descriptor

E.3.1 Application
If contamination risks causedby particles larger thap 5 um are
to be assessed, sampling-devices and measuremgnt proce-
dures appropriate to¢he specific characteristics of guch parti-
cles should be employed.

As particle liberation within the process environment normally
dominates\the macroparticle fraction of the airborrje particle
populatien, the identification of an appropriate sampljng device
and .measurement procedure should be addressed on an
application-specific basis. Factors such as the density, shape,
Volume, and aerodynamic behaviour of the particles peed to be
taken into account. Also, it may be necessary to gut special
emphasis on specific components of the total airborne popula-
tion, such as fibres.

E.3.2 M descriptor format
The M descriptor may be specified independently or as a
supplement to the ISO classes of airborne particulgte cleanli-
ness. The M descriptor is expressed in the format

“M (a; b); ¢”, where

a is the maximum permitted concenfration of
macropatrticles (expressed as macropatfticles per
cubic metre of air);

b is the equivalent diameter (or diameterg) associ-
ated with the specified method for measuring
macropatrticles (expressed in micrometrgs);

c is the specified measurement method.

50% countimgefficiercy:

EXAMPLE To express a maximum permitted ultrafine particle
concentration of 140 000 particles/m? in the particle size range > 0,01
um, the designation would be: “U (140 000; 0,01 um)”.

NOTE 1 Suitable methods of test for concentrations of airborne
particles smaller than 0,1 um are given in IEST-G-CC1002[1].

NOTE 2  If the U descriptor designation is used as a supplement to
an airborne particulate cleanliness class, the ultrafine particle concen-
tration (x) should be not less than the particle concentration limit

NOTE 1  If the population of airborne particles being sampled
contains fibres, they may be accounted for by supplementing the M
descriptor with a separate descriptor for fibres, having the format “My;,
(a; b); c”.

EXAMPLE 1 Toexpressanairborne particle concentration of 10 000
particles/m3 in the particle size range of >5 um based on the use of a
time-of-flight aerosol particle counter to determine the aerodynamic
diameter of the particles, the designation would be:

“M (10 000; >5 pum); time-of-flight aerosol particle counter”.

13
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EXAMPLE 2  Toexpressanairborne particle concentration of 1 000
particles/m? in the particle size range of 10 to 20 um, based on the use
of a cascade impactor followed by microscopic sizing and counting, the
designation would be:

“M (1 000; 10 um to 20 um); cascade impactor followed by microscopic
sizing and counting”.

NOTE 2  Suitable methods of test for concentrations of airborne

particles larger th

an 5 um are given in [EST-G-CC10032].

NOTE 3 Ifthe
an airborne partig
tion (a) should 4
(particles per cub)|
the specified 1ISQ

M descriptor designation is used as a supplement to
ulate cleanliness class, the macroparticle concentra-
e not greater than the particle concentration limit
c metre) applicable to the considered size of 5 um for
class.

14
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Annex F
(informative)

Sequential sampling procedure

©1S0
F.1 Backg
F.1.1 Backg

If the air being s
less contaminat
limit for the con
sampling proce
sampling times
also be realizq
specified limit.
when air cleanli
or cleaner.

NOTE For fu
IEST-G-CC1004 |

F.1.2 Limita;
The principal lir

a) The procedd
a total of 20 par
considered size
limit.

b) Each samp
monitoring and

und and limitations
ound

pmpled is significantly more or significantly
ed than the specified class concentration
Sidered particle size, use of the sequential
dure can reduce sample volumes and

often dramatically. Some savings may
d when the concentration is near the
Sequential sampling is most appropriate
ness is expected to quality as ISO Class 4

rther information on sequential sampling, see
B].

lions

itations of sequential sampling are:

re is only applicable to sampling aimed at
icles per measurement, for particles of the
at the specified class or concentration

e measurement requires supplementary
data analysis, which can g *facilitated

through computerized automation.

c) Particle co

25

ncentrations are not "\ determined as

precisely as with conventional sampling procedur
the reduced sample volume

F.2 Basis for the procedure

The procedure is based on\>comparison of
cumulative particle counts< to’ reference cour

ps, due to

real-time
t values.

Reference values are derived from equations for yipper and

lower limit boundaries;

Upper limit: C=396+1,03E
Lowerimit: C=-396+1,03E
where

€, is the observed count;

E is the expected count.

Jo facilitate comparisons, helpful references h
provided in the form of a graph, Figure F.1, and
form as Table F.1. Either format may be used.

As air is being sampled at each designated locatio
ning total particle count is continuously compared to
count limits which are a function of the proportion
scribed total volume that has been sampled. If th

(F.1)
(F.2)

Ave been
in tabular

h, the run-
reference
bf the pre-
e running

total count is less than the lower reference count lmit corre-

sponding to the volume that has been sampled, th

air being

N
o
1

—_
(S}
1

Stop coeunting, FAIL

— C =396+ 1,03E

Observed count, C

—_
o
|

Continue
counting

C =-3,96+1,03E
Stop counting, PASS

I [
10 15 2

Expected count, E

Figure F.1 — Boundaries for pass or fail by the sequential sampling procedure

0

15


https://standardsiso.com/api/?name=7d8c35585013189e8a095e56d59d4024

