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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
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Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

1ISO 14644
environmen

ISO 14644
environmern

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:
Part 8:

Part 9:

entat, in_fiaison with IS0, also take part in the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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

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

O was prepared by Technical Committee ISO/TC 209, Cleanrooms and associated contrq
ts.

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

Classification of air cleanliness

Specifications for monitoring to prove corntinued compliance with ISO 14644-1

Test methods

Design, construction and start-up

Operations

Vocabulary

Separative devices (clean air hoods, gloveboxes, isolators, and mini-environments)
Classification of air cleanliness by chemical concentration

Classification of surface cleanliness by particle concentration

the

ards

an

tent

lled

lled

Attention i

Part 10: Classification of surface cleanliness by chemical concentration

s also drawn to

Biocontamination control:

Part 1:

Part 2:

General principles and methods

Evaluation and interpretation of biocontamination data

ISO 14698, Cleanrooms and associated controlled environments —
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Introduction

Cleanrooms and associated controlled environments provide for the control of contamination to levels
appropriate for accomplishing contamination-sensitive activities. Products and processes that benefit from the
control of contamination include those in such industries as aerospace, microelectronics, optics, nuclear, and
life sciences (pharmaceuticals, medical devices, food, healthcare).

ISO[14644-1 to 1ISO 14644-8 and 1SO 14698-1 and 1SO 14698-2 (biological contamination) deal| exclusively
withl airborne particle and chemical contamination. Many factors, besides the classification| of surface
clegnliness, should be considered in the design, specification, operation and control of ¢learirooms and other
conjrolled environments. These factors are covered in some detail in other parts of ISQ 14644 anq ISO 14698.

Thig part of ISO 14644 provides a classification for the determination and desighation of surface|cleanliness
levels based on particle concentrations. This part of ISO 14644 also lists some ‘methods of testing, as well as
prog¢edure(s) for determining the concentration of particles on surfaces.

Where regulatory agencies impose supplementary guidelines or restrictions, appropriate adaptations of the
testjng procedures might be required.

© 1SO 2012 — All rights reserved \"
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Cleanrooms and associated controlled environments —

Part 9:
Classification of surface cleanliness by particle concentration
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Scope
part of ISO 14644 establishes the classification of cleanliness levels on'solid surfaces

centration in cleanrooms and associated controlled environment applications. Recommer
ng and measuring methods, as well as information about surface characteristics, are given in

part of ISO 14644 applies to all solid surfaces in cleanrooms and associated controlled en|
n as walls, ceilings, floors, working environments, tools, equipment and products. The clas
hce cleanliness by particle concentration (SCP) is limited to particles between 0,05 ym and 50(
following issues are not considered in this part of ISO 14644

requirements for the cleanliness and suitability of surfaces for specific processes;
procedures for the cleaning of surfaces;

material characteristics;

references to interactive bonding-forces or generation processes that are usually time-dep
process-dependent;

selection and use of statistical methods for classification and testing;

other characteristics?of particles, such as electrostatic charge, ionic charges, microbiological s

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

doc

by particle
dations on
Annexes A

vironments,
sification of
pm.

endent and

ate, etc.

For dated
referenced

ISO

3

iment (inr‘lnding any ampndmpntc) applipq

14644-6:2007, Cleanrooms and associated controlled environments — Part 6: Vocabulary

Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 14644-6:2007 and the following
apply.

3.1

descriptor for specific particle size ranges
differential descriptor that expresses SCP level within specific particle size ranges

© 1SO 2012 — All rights reserved
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NOTE

outside the range of the classification system, and specified independently or as a supplement to the SCP classes.

3.2
direct mea
assessmen

3.3

surement method
t of the contamination without any intermediate steps

indirect measurement method

assessmen

3.4
solid surfa
boundary b

3.5
surface pa

solid and/of

that covers

NOTE Surface particles are adhered via chemical and/or physical interactions.

3.6

surface cldanliness by particle concentration

SCP

condition of|a surface with respect to its particle concentration

NOTE The surface cleanliness depends upon material and design characteristics, stress loads (complexity of |
acting on a sprface) and prevailing environmental conditions, along withrother factors.

3.7

surface cldanliness by particle concentration class

SCP class

grading number stating the maximum allowable surface concentration, in particles per square metre, f

considered

ISOSCPC

3.9
surface pa
number of i

4 Abbreéviated-terms

ions, in particles per:square metre, for considered sizes of particles, expressed in terms o

t of the contamination with intermediate steps

The descriptor may be applied to particle size ranges of special interest or those particle size ranges that are

ke

btween the solid and a second phase

rticle

the whole surface

size of particles (SCP Classes 1 t0.8)

anliness by particle concentration classification
process of specifying or determining the level) that represents maximum allowable sur
ass N

rticle concentration
ndividuahparticles per unit of surface area under consideration

liquid matter adhered and discretely distributed on a surface of interest, excludirng film-like matter

bads

Dr a

ace
f an

For the purposes of this document, the following abbreviated terms apply.

AFM
CNC co
EDX en
ESCA

ESD

atomic force microscopy

ndensation nucleus counter

ergy dispersive X-ray spectroscopy

electron spectroscopy for chemical analysis

electrostatic discharge
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infrared (absorption spectroscopy)

OPC optical particle counter

PET polyethylene terephthalate

SCP surface cleanliness by particle concentration

SEM scanning electron microscopy

uv ultraviolet (spectroscopy)
WDL( wavelength-dispersive X-ray spectroscopy
5 |Classification system
5.1 ISO-SCP classification format
The| class of surface cleanliness by particle concentration (SCP) in a ‘cleanroom or associatedl controlled
envlronment shall be designated by a classification number, N, spécifying the maximum total particle
congentration on surfaces permitted for a considered particle size.<¥ shall be determined from the following
equption with the maximum permitted total particle concentratidon)on the surface, Cscp:p, in Harticles per
square metre of surface, for each considered particle size, D:
10"
Coepp =k — 1
SCP;D 0 (1)
whdre
Ckcp.p s the maximum permitted total'surface concentration, in particles per square metre of surface, of
particles that are equal to erlarger than the considered particle size; Cgcp.p is roupded to the
nearest whole number, using' no more than three significant figures;
N is the SCP classification number, which is limited to SCP Class 1 through SCP Class 8] SCP Class
number N is represented by the measured particle diameter D, in micrometres;
NPTE N refers to the.éxponent base 10 for the concentration of particles at the reference particle size of{1 um.
D is the considered particle size, in micrometres.
k is.a constant 1, in micrometres.
NOTE 1\ The SCP class based on the particle concentration can be a time- and process-dependent valye due to the
dyngmiCicharacteristics of particle generation and transportation.
NOTE 2 Due to the complexity of statistical evaluations and readily available additional references, the selection and
use of statistical methods for classification and testing are not described in this part of ISO 14644.

The concentration Cgcp.p, as derived from Equation (1), shall serve as the definitive value. Table 1 presents

selected SCP classes and corresponding maximum cumulative permitted total surface concentrations for
considered particle sizes.

Figure 1 provides a representation of the selected classes in graphical form.

© 1SO 2012 — All rights reserved
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Table 1 — Selected SCP classes for cleanrooms and associated controlled environments

Units in particles per square metre

SCP Particle size
Class >0,05ym| =0,1uym | =0,5 ym >1um >5um >10pum | =50 pm | =100 ym | = 500 ym
02251 (200) 100 20 (10)
CISa(;sPZ (2 000) 1 000 200 100 (20) (10)
SCP (20 000) 10 000 2000 1000 (200) (100)
Class 3
SCP
(200 000) | 100 000 20 000 10 000 2000 1000 (200) (100)
Class 4
SCP
Class 5 1000 000 | 200 000 100 000 20 000 10 000 2000 1,000 (20Q)
CISa(;sPS (10000 000)| 2 000 000 | 1 000 000 | 200 000 100 000 20 000 10 000 200p
SCP
10 000 000 | 2 000 000 | 1 000 000, | <200 000 | 100 000 20 000
Class 7
SCP
10 Q0B000 | 2 000 000 | 1 000 000 | 200 0PO
Class 8
The values|in Table 1 are concentrations of particles of the related particle size and SCP class per surface areg of
one square metre (1 m2) equal to or larger than the considered particle size (Cscp:p)-
For figures |in parentheses, the corresponding particle sizes should not be used for classification purposes; sdlect

another part

icle size for classification.

The minimum area for testing should be statistically representative of the surface under consideration.
NOTE Clpssification of the lower SCP classes requires numerous measurements to establish a significant value.
4 © 1SO 2012 — All rights reserved
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Key
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4 PBCP Class 4
5 PBCP Class 5
6 PBCP Class 6
7 PBCPClass7
8 PBCPClass 8

Thelsolid classification lines shown on the graph shall be used for classification purposes. The dashed lines ghould not be
used for classification purposes.

NOTE Particle distribution on surfaces typically is not a normal distribution, but is affected by different [factors, such

' 4 it 1 e CP=% H ™ al H'H ™ H + L A A
as roughress-peresity-eleetrostatic-ehargedepesitionmechanisms,ete—{see-ARmexA):

EXAMPLE SCP Class 5 (1 ym) signifies that 1 m? of surface may carry a maximum of 10° particles with a
considered particle size = 1 um (D = 1). SCP Class 5 (10 ym) signifies that 1 m? of surface may carry a maximum of 104
particles per square metre with a considered particle size > 10 um (D = 10). Any other measured particle size (D = x)
which leads to a concentration that lies below the relevant SCP class line is within the specification of SCP Class 5 (x ym).

Figure 1 — SCP classes

For particle sizes out of the classification system and in cases where only a narrow particle range or individual
particle sizes are of interest, a descriptor can be used (see Annex B).

© 1SO 2012 - All rights reserved 5
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5.2 Designation

The SCP class number shall be formatted as follows: SCP Class N (D pym).

The designation of the SCP class for cleanrooms and associated controlled environments shall also include
the following:

a)

b)

the surface type measured;

the surface area measured;

c) theme

Details of n
be retrieved

The considgred particle size should be determined by agreement between the customer and\supplier.

The SCP cl

EXAMPLE 1

EXAMPLE 2
counter.

5.3 Gengral information on surface cleanliness by particle’concentration

Airborne p3
dependent
velocity, co

To determi

characterisfics (see Annex A) that influence testingsshould be taken into account.

6 Demgd

6.1 Pring

Compliance

providing dpcumentation/0f the results and conditions of the testing.

Details for
advance of

hsurement method applied.

neasurement methods applied, including sampling techniques and measurement devices, sh
from test reports.

hssification shall be stated in relation to the measured particle size diameter.

SCP Class 2 (0,1 um); wafer or glass substrate, surface area: 310 cm?; sutface particle counter.

SCP Class 5 (0,5 um); inner wall of a bottle, surface area: 200,chi?; liquid dispersion — liquid pa

rticle concentration and surface particle concentration are generally related. The relationsh
on many factors, such as airflow turbulence, rate of deposition, time of deposition, depos|
hcentration within the air, and surface characteristics such as electrostatic charge (see A.2.4).

ne surface cleanliness by particle concentration, various parameters (see Annex C) and sur|

nstration of compliance
iple

with SCP class-tequirements, as specified by the customer, is verified by performing tests an

testing,

buld

ticle

p is
tion

ace

1 by

Jemonstrating compliance (see 6.3) shall be agreed upon between the customer and suppli¢r in

6.2 Test

na

J

Tests performed to demonstrate compliance shall be conducted in a controlled environment using suitable test
methods and calibrated instruments, whenever possible.

Direct and indirect test methods can be used for demonstrating compliance and are given in Annex D. The list
of typical methods described is not exhaustive. Alternative methods of comparable accuracy may be specified
by agreement.

NOTE

Repeated measurements are recommended.

Measurement by different methods, even when correctly applied, can produce different results of equal validity.

© 1SO 2012 — All rights reserved
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The test method and environment shall be agreed upon between the customer and supplier.
Precautions should be taken to reduce electrostatic charge around the test zone, since electrostatic charge

enhances particle deposition onto surfaces. If the surface is neither conductive, nor grounded or charge-
neutralized, electrostatic charges might occur (see Annex A). Therefore, test results may vary.

6.3 Testreport

The results from testing each surface shall be recorded and submitted as a comprehensive report, along with
a statement of compliance or non-compliance with the specified SCP class(es).

Theltest report shall include as a minimum the following:

a) |basic data:

— date and time of testing;

— name/address of the testing organization;

— name of testing personnel;

b) |references consulted:

— standards;

— guidelines;

— regulations;

— number and year of publication of this part-of ISO 14644, i.e. ISO 14644-9:2012;
c) |environmental data:

— environmental conditions for sampling (i.e. temperature, humidity, cleanliness);

— environmental conditions-for measurement (i.e. temperature, humidity, cleanliness) (not ¢ssential for
use with direct methods);

— location (room, etc.) used for the measurements;
d) |specimen:
— clear.identification of the test object;

— description of the test object;

—) graph and/or sketch of test specimen;

e) testsetup:
— photo and/or sketch of the test setup;
— description of operating parameters;
— description of measurement points;

— description of hardware used in the test setup;

© 1SO 2012 - All rights reserved 7
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f)

measurement devices:

— identification of the instrument(s) and measuring devices used and current calibration certificate(s);

— measurement range of measuring devices used;

— reference of calibration certificates;

performing the test:

— relevant details of the test procedure used, with any available data describing deviations from the test

procedure (If agreed);

— Su
CO

— 0C|

— all
clg

— Cl¢g
CO|

results

q

3

— Vv

face condition before sampling (e.g. after cleaning, after packaging, under atmospheric-orvac
hditions);

ecified test and measurement procedure/method;
Cupancy state(s) during sampling and measurement;
bcified test method(s);

agreed documentation (e.g. raw data, background particle <concentrations, pictures, gra
aning and packaging);

ration, location and position of sampling (not essential for use with direct methods);
ration, location and position of measurement (not egsential for use with direct methods);
ticeable observations made during sampling/méasurement, where applicable;

mber of measurements performed;

ar identification of the position and-the area of the surface measured and specific designation
brdinates of the surface, if applicable;

and analysis:

ual inspection of the test surface before and after measurement, where applicable;

— measurement values-and/or their analysis;

— stig

—  teq

tement of data quality;
rticle size*ranges considered,;

t&esults, including particle concentration data for given particle sizes, for all tests performed;

ium

bhs,

5 for

— surface cleanliness by particle concentration class with designation expressed as SCP Class N;

— acceptance criteria for the clean surface, if agreed between the customer and supplier.

© 1SO 2012 — All rights reserved
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Annex A
(informative)

Surface characteristics

A.1 Surface description

A surface is commonly characterized by its texture (such as roughness, porosity), its mechanicgl properties
(sugh as hardness) and its physicochemical properties (such as electrostatic surface charge and surface
tengion). Each of these properties should be considered before selecting a test method for the surface
clegnliness classification, or as an aid for the interpretation of the test results.

A.2 Surface characteristics
A.211 Roughness

A.2[1.1 Description
As fhe roughness of a surface affects many of its physical properties, surface roughness i§ not easily
desgribed by one single parameter, nor is it an intrinsic>property of the surface. Roughness ekists in two
pringipal planes: at right angles to the surface, wheresit.may be characterized by height, and in {he plane of

the |surface, identified as “texture” and characterizéd by waviness. The roughness of a surface can be
detgrmined by mechanical or optical methods.

A.211.2 Testing

A frequently used mechanical method(for-the determination of roughness is the stylus instrument (for example,
see|lSO 4287 or ISO 4288).

Frequently used optical methods for the determination of roughness and porous texture are microscopes
(optical, confocal, interferometry, with/without tunnel effect, taper sectioning).

A.2{2 Porosity

A.2]2.1 Definition and description

Porgsity is ‘@ measure of the void spaces in a material, and is expressed as a decimal between 0 and 1, or as
a percentage between 0 % and 100 %.

— Effective porosity (also called open porosity) refers to the fraction of the total volume in which fluid flow
is effectively taking place (this excludes dead-end pores or non-connected cavities).

— Macroporosity refers to pores equal to or greater than 50 nm in diameter. Fluid flow through macropores
is described by bulk diffusion.

— Mesoporosity refers to pores equal to or greater than 2 nm but less than 50 nm in diameter.

— Microporosity refers to pores smaller than 2 nm in diameter. Movement in micropores is by activated
diffusion.

© 1SO 2012 - All rights reserved 9
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A.2.2.2 Testing

There are several ways to estimate the porosity of a given material or mixture of materials, which is called
material matrix.

The volume/density method is fast and highly accurate (normally within +2 % of the actual porosity). The
volume and the weight of the material are measured. The weight of the material divided by the density of the
material gives the volume that the material takes up, minus the pore volume. Therefore, the pore volume is
simply equal to the total volume minus the material volume, or more directly (pore volume) = (total

volume) — (material volume).

The water [saturation method is slightly more difficult, but is more accurate and more direct. Take ackn

volume of t
saturate wh

the unsatunated water from the top of the beaker and measure its volume. The total volume of the W

originally in
more direct

ne material and a known volume of water. Slowly dump the material into the water and allew
ile pouring. Allow it to sit for a few hours to ensure that the material is fully saturated. Thern’ren

the beaker minus the volume of water not saturated is the volume of the pore 'space, or a
y (pore volume) = (total volume of water) — (unsaturated water).

Mercury i

sample to e evacuated, followed by the introduction of liquid mercury. The sizecofthe mercury envelof
then measyred as a function of increased applied pressure. The greater the applied pressure, the smaller

pore enter

Because of| increased safety concerns over the use of mercury, several.don-mercury intrusion technig
have been fleveloped and should be considered as alternatives.

Nitrogen
condenses
volume or W

A.2.3 Har

There are 1
frequently n
the reboung

rusion porosimetry requires the sample to be placed in a special filling device that allows

by mercury. Typically, this method is used over the range of pores from 300 ym to 0,0 035

s adsorption is used to determine fine porosity in materials. In very small pores, nitrogen
on pore walls that are less than 0,090 um in diameter, This condensation is measured eithe
eight.

gdness

nany National and International Standards on hardness tests for each material type. Hardnes
neasured by the penetrating force of a-diamond ball or tip, by the indentation of a hard body o
properties of an impactor.

bwn
it to
ove
ater
jain

the
e is
the
pm.
ues

gas
r by

s is
r by

The Rockwell, Brinell, Shore and Vickers' method for metals is covered by ASTM E18-07. Geometry |and
pressure arg chosen at the beginningof-the test, as a function of the thickness of the sample, the composijtion
of the meta| and the supposed hardness.

A.2.4 Static electricity

A.2.41 Degfinition and-description

Static electficity is.defined as an electrical charge caused by an imbalance of electrons on the surface [of a
material. This.imbalance of electrons produces an electrostatic field that can influence the determination of the

surface cle

pnliness of objects. Electrostatic discharge (ESD) is defined as the transfer of charge betw

een

bodies at different electrical potentials.

Any relative motion and physical separation of materials or flow of solids, liquids, or particle-laden gases can
generate electrostatic charges. Common sources of ESD include personnel, items made from common
polymeric materials, and processing equipment. ESD can damage parts by direct contact with a charged
source or by electric fields emanating from charged objects.

Charged surfaces can attract and hold particle contaminants. If the selected measurement method to
determine the surface cleanliness is based on an indirect detection of particles on surfaces (see D.2.3.3.5),
these measurement results might be inaccurate, as the particle removal is diminished. Therefore, especially
when using indirect measurement methods, action should be taken to reduce ESD effects.

10 © 1SO 2012 — Al rights reserved
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4.2 Testing

Determination of the ESD properties of the specimen surfaces may be helpful in estimating the influence of
the removal efficiency of particles from surfaces (e.g. IEC 61340-5-1, 1SO 10015, IEST RP-CC022.2,
SEMI E43-0301, SEMI E78-0706).

A.2.5 Superficial tension

A.2

.5.1 Definition

Su

rfictattersion s theenergy mecessary toincrease the surface by onearea unit s usuatty

and|expressed in joules per square metre (J/m2) or in newtons per metre (N/m).

A.2

5.2 Testing

The| best-known method is the measurement of the contact angle by the “set drop*(see Referenc
Bibljography).

When a drop of liquid is brought into contact with a flat solid surface, its shape-depends on the mol

with

betyeen the liquid and solid is used as the surface tension index (seeFigure A.1). It is generall

liqu
adh

ds with low surface tension easily wet most solid surfaces, giving a zero contact angle. Th
bsion between solid and liquid is greater than the cohesion between the molecules of the liquid

The| contact angle measurement is performed with an optical method (x10 to x50) magnifying the

set

Key
1
2
3

bn the flat solid surface.

jas

jefined as y

P [22] in the

ecular force

in the liquid for cohesive force, or between the liquid and solid for~adhesive force. The cdntact angle

found that
e molecular

drop profile

iquid
solid

Figure A.1 — Shape of a drop of liquid in contact with a solid surface when the contact angle is ¢ < 90°

© 1SO 2012 - All rights reserved
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Annex B
(informative)

Descriptor for specific particle size ranges

B.1 Application

For particlg sizes outside the range of the classification system, a differential descriptor can be_dsed.
This descriptor can also be used for specific particle size ranges that are of special interest. In these capes,
the descripfor can be used in addition to the SCP classification.

B.2 Surface descriptor for specific particle size ranges

The Ny (particle number concentration of a specific particle size range) descriptof for specific particle size

ranges may| be specified independently or as a supplement to the SCP classes.The descriptor can be applied
to any parti¢le size range of special interest.

The surfacg particle concentration Cg within the particle size range D| and D\, is a differential value.

The N for fa single particle size range is expressed in the format:
Nes (Gl DL;Dy) a; b B-1)
where

Cs is the maximum permitted total surface. goncentration, in particles per square metre of surface, of the
specified particle size range;

D, is the lower limit of the specified particle size range, in micrometres;

Dy s the upper limit of the specified particle size range, in micrometres;

a is the measurement,method used to determine particle size in the specified range;
b is the considered surface.

EXAMPLE 1 For theparticle concentration on a metallic surface in the particle size range between 1 pm and 5 ym, the
required valye is 10-000 particles/m?2 (1,0 particles/cm?2). The particle concentration is measured by an optical microsdope.
The designation’would be:

Nss (10 000; 1; 5 ) optical microscope; metallic surface

12 © 1SO 2012 — Al rights reserved
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If two or more size ranges are used, apply Formula (B.2). N is then expressed in the format:

EXAMPLE 2 For the particle concentration on a glass plate, based on theSimultaneous use of a scattered-
in the particle size range between 0,1 um and 0,5 ym, and an optical microscope in the particle size range b

and

respectively. The values are within the maximum allowable limits af{0° 000 particles/m2 and 500 particles/mZ,

The

When measurement methods and/or spegcific surfaces are not predefined or are not essential, g
a arjd b might be omitted. In this case, the.descriptor is expressed as follows:

whdre

the

EXAMPLE 3

Dy, s the upper limit of the i-th particle size range, in micrometres;

¢. is the measurement method used to determine particle size in the i-th range;

D is thelewer limit of the specified particle size range, in micrometres;

Dy . isrthe upper limit of the specified particle size range, in micrometres.

Cst; Diis Duyq)fay; b
Cs2; Dia; Dy || az; b
Csis Dus Dy || a; b

Vel

(B.2)

S the maximur permitted total surface concentration, i particies per square metre of su
i-th particle size range;

is the lower limit of the i-th particle size range, in micrometres;

is the considered surface.

20 um, the measured values are 9 000 particles/m? (0,9 particles/cm?) and 500 particles/m2 (0,05 p|

designation would be:

10000; 0,5 0,5 | scattered light scanner;-glass plate
s 500: 5 20 optical microscopé;-glass plate

Nss (CS;DL;DU)

is the maximum-permitted total surface concentration, in particles per square metre of su
specified partiCle size range;

-
El

face, of the

light scanner
etween 5 ym
brticles/cm?),
respectively.

esignations

(B.3)

face, of the

particle size of interest through an agreement between

the customer and supplier.

4,5 ym and Dy could be set to 5,5 ym. The designation would be:

Nes (200; 4,5;5,5)

© 1SO 2012 - All rights reserved
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For the particle size 5 ym, the required value is 200 particles/m?2 (0,02 particles/cm?2). D, could be set to
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When measurement methods and/or specific surfaces are not predefined or are not essential, designations
a and b might be omitted. The descriptor for two or more particle size ranges is expressed as follows:

Cst1: DLy Dy
Cs25 Droi Dy
Neg| ... (B.4)
Csi: Dpin Dy

EXAMPLE 4 For the particle concentration in the particle size ranges between 0,1 ym and 0,5 ym and betweén % ym
and 20 um, [the measured values are 9 000 particles/m? (0,9 particles/cm?) and 500 particles/m? (0,05 particlés/qm?),
respectively.|They are within the maximum allowable limits of 10 000 particles/m? and 500 particles/m?, respectively.| The
designation Would be:

1p000; 0,4 0,5
N o B.5
58 ( 500; 5 20 j (B-5)

14 © 1SO 2012 — Al rights reserved
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Annex C
(informative)

Parameters influencing the SCP classification

Background

-9:2012(E)

Par
not
cha

C.2

C.2

C.2

hmeters that may influence the testing and measuring of surfaces are presented in C.2. The inkormation is

exhaustive and there is no ranking. More detailed information on measurement methods
racteristics is given in Annex D.

Parameters

1 Physical/chemical properties

Surface energy states. The attraction and removal of particles might be influenced, for g
cohesive/adhesive characteristics and/or hydrophilic/hydrophebic properties of the surface.

Porosity of the surface. In most cases, the higher.the degree of porosity, the more g
distinction between surface imperfection and particle detection.

Cleanability of the surface. When surfaces ate difficult to clean, the discrimination betw
imperfection and particle detection is complex!

Optical characteristics of the surface. When direct test methods are applied, diffe
characteristics of the surface to be tested will lead to different measurement results. This diffe
noted for indirect methods.

Electrostatic properties of.the surface. The electrostatic properties of the surface will in
attraction and removal of ESD-charged contamination.

Magnetic characteristics of the surface. The magnetic characteristics of the surface will i
attraction and removal of materials with magnetic properties.

2 Shape of:the surface and particles

nd surface

xample, by

omplex the

pen surface

fent optical
rence is not

fluence the

fluence the

Morphology of the particle (round, flat, oval, peaked, etc.) and topography of the surface can influence

the:.meéasurement result.

orce varies

depending on the surface condition. This variation also affects the removal efficiency of particles and the

ability to distinguish between particles, roughness and porosity.

Roughness/porosity/waviness of the surface. The roughness, porosity or waviness will have an effect

on the efficiency of removing particles for indirect methods.

Shape/geometry of particle. The shape of particles can also influence the measurement

results. For

example, long particles and perfectly round particles can lead to the same optical particle counter values

after detaching the particles from the surface, but to completely different gravimetric values.
fibres are considered as particles having an aspect (length-to-width) ratio of 10 or more.

© 1SO 2012 - All rights reserved
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C.2.3 Ability to measure/analyse and appropriate statistics for particle analysis

The number of measurements should lead to statistically significant results. Therefore, an appropriate
statistical method with regard to the frequency distribution of individual measurements should be used to
estimate the confidence limit.

— Ability to measure/analyse. Feasibility to perform the measurements, depending on the accessibility of
a measurement device to the specimen.

EXAMPLE Performing measurements within holes or microtubes.

— Ability| to detect particles (direct or indirect methods). The ability to distinguish between surface
sedimgnted particles and surface imperfections (direct method) or the detachability of surface sedimented
particlgs (indirect method) will influence the SCP classification.

— Geomeétric size/surface area to be measured. Depending on the geometric size of the|surface arda to
be megsured, different methods should be selected. In the majority of cases, the statistics for the number
of samples to be taken and how to analyse the measurement values should be developed individually

— Inline papability. Several measurements should be taken for statistical significance. The influence of
measufement repeatability is diminished with inline options.

— Frequeéncy distribution of individual measurements.
— Particlp size(s) to be measured.

— Distribution of particles on surface area.

C.2.4 Particle origin

Particles or the surface can originate, for example, from material friction, deterioration, deposition of airbgrne
particles or [chemical reaction of gaseous matters with the surface, forming solid or liquid products.

EXAMPLE 2NH; +H,0 +S03 — (NH,), SOy

16 © 1SO 2012 — Al rights reserved
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Annex D
(informative)

Measurement methods for determining surface cleanliness by particle

concentration

DA

Ino
be 5
leas
con

D.2

D.2
The)
As

adh
dim

NOT
ema

D.2

The)
and

centration classification defined in Clause 5.

Surface cleanliness by particle concentration

elected. In some cases where quantitative information cannot be ascertained on a strface, it is
t to obtain a qualitative result. Qualitative results cannot be used for the surface cleanliness

Criteria for the measurement of surface cleanliness by particle concentr

1 General

cleanliness of surfaces can be classified as soon as the particle contamination is detectable.

rder to obtain quantitative information on surface cleanliness, appropriate measurement metfiods should

possible at
by particle

ation

h quantitative criterion for the evaluation and classification of the surface cleanliness, the nymber of all

brent particles of undesired material should bedetermined. It should be possible to de

bnsion and number in relation to the contaminatedisurface area (surface particle contamination|).

E The cleanliness classification of textiles.and/or porous surfaces also takes into account particles
hate from the specimen.

2 Requirements of the meastirement method

ermine the

which might

measurement method is essentially selected according to criteria determined by the surface being tested

its characteristics. Some of.the most important requirements are summarized below:

information regardipg particle characteristics (e.g. particle size, concentration, size distributig
shape, position);

feasible measuring positions (transportable measuring device, i.e. applicable even to large
surfaces);

measurements independent of surface characteristics (e.g. roughness, waviness, component

n, material,

immovable

shape);

£ rondo o P2 H=O r
T rarrd

+ oo on | ad-affart-invalvad-L -+ PN i 4 tH-WAN
oty SpPetUama ot imyvorveU (1T UStU T SarmpiTg U STITC SO Sty

— flexibility (i.e. whether the method can be rapidly implemented on various surfaces of different

components);

little or no surface alteration caused by the measurement procedure (i.e. measurement surfaces are not

altered as a result of being wetted with flushing fluids).

Due to the requirements mentioned, the measurement methods described in D.2.3 could be classified and be
limited for each of the applications.

© 1SO 2012 - All rights reserved
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D.2.3 Measurement methods

D.2.3.1 General

Ideally, surface cleanliness is assessed when test surfaces are of a low roughness and can be accessed by
the chosen measurement device. In principle, the following methods can be utilized to measure the particle
cleanliness of surfaces:

— direct methods;

— indirect-metheds:-

In most casges, direct methods that do not require sample taking should be given priority. Generally, these
methods irfvolve less measurement activity and are associated with fewer errors, thus_giving more
reproducible¢ results than indirect methods. However, depending on component and, manufactdring
requiremens (complex component shape, rough surface), indirect methods are often the™only possible
alternative in order to determine the particle cleanliness of a surface.

D.2.3.2 Djrect methods

Particles ar recorded and measured directly on the test surface. Neither the. component surface nor| the
particles présent on it should be altered or affected by the measurement. If d.testing surface requires trangport
to a measyring device, the transportation (handling, packaging) should\be carried out so as to avoid [any
further contamination from reaching the surface.

The methodls are given in Table D.1 and have been characterized here according to the requirements t¢ be
fulfilled and|the limitations of the methods.

Table D.1 — Comparison of measurement methods for the direct detection of particles on surfaces

c
]
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= [«/] £
9 o
[
o
Visual inspection > 25 um + + + + + ++ + + ++ ++ I
.ng.ht mig roscopg >1,0 um ++ ++ + ++ ++ + + + ++ ++ ++
(with image-pfecessing)

Oblique-, glancing-,
side-light systems >0,5um ++ ++ + + ++ ++ + + ++ ++ ++
(with image-processing)

Scattered-light

> 0,07 pm ++ ++ — ++ ++ - — _ ++ _ ++

scanner
SEM > 0,01 pm + + ++ ++ ++ _ — _ _ + +
AFM > 0,01 uym + + ++ + ++ + + + — + +

Key: ++ highly suitable, + partially suitable, — unsuitable/not useful.
Particles that are not perfectly round should be measured on their largest axis.
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The efficiency of optical methods to detect particles on surfaces can be enhanced by the additional use of
suitable light sources that are based on specific material effects (e.g. UV-, IR-activity). If, for instance, a UV-
lamp is used, particles that are physically UV-active will be detected with a much better contrast.

Within the visible light spectrum, the colour/reflection grade of particles can be used for further discrimination
of particle contamination.

D.2.3.3 Indirect methods

D.2.3.3.1 General

Singe direct counting is often not possible on the surface of interest due to either obje
measurement-related reasons, samples should be prepared before inspection. The particlesMo
are [detached from the testing surface (sampling) and are placed on/in a replacement substrate/m

(1—related or
e recorded
edium. The

pa
IES

The)
test

Dus
may
dire

How
sucl
potd

cles are then measured using a technique adapted to the replacement substrate/medium con
-STD-CC1246D).

measuring efficiency is reduced if not all particles that settled on surfaces.can be detach
ng surface by indirect methods.

to physical/chemical effects, such as adhesion/cohesion, electrostatic-forces, etc., the detac
be insufficient, resulting in diminished measuring efficiency of surface particle contamination
ct measurement is preferred.

ever, care should be taken if more aggressive methods ar€/used to remove particles from a
n methods may erode a surface and form additional particles. The test method should be evalu
ntial effect.

cerned (see

bd from the

hment force
Therefore,

surface, as
ated for this

When using indirect methods, the background particle*contamination of the intermediate media (¢.g. flushing

meq

D.2

In th
with
smg
forc
surfi

ium) should be known.

3.3.2 Detachment techniques

e case of surfaces that are difficult tolaccess due to the complex shape of a component, draw
detached particles is often the only way of assessing surface cleanliness by particle concen
ller the particles become, theumore difficult it will be to detach them from surfaces, as sev
bs (e.g. electrostatic, cohesion;*adhesion, capillary) increase. For the detachment of particles
hces, techniques such ascthe“following can be used.

Tape-lifting. The particles to be recorded are detached using a clean adhesive replaceme
(adhesive tape or-stamp) (see ASTM E1216-06) and guided directly to a measurement p
ASTM F312-08).

Flushing=\The particles to be recorded are rinsed off using a clean flushing medium, e.g. @

appropriate measuring devices (e.g. optical particle counters for gases) or the particles
medium are deposited on a replacement substrate (filtration, impaction) and then measured.

ng samples
tration. The
bral surface
from tested

t substrate
ocess (see

as or liquid

(see ASTM F24-09). The particles contained in the measurement media are then examjined using

held in the

In all sampling cases, care should be taken to ensure that samples are not further contaminated by the
devices or media used or by personnel, as this contamination would affect the measurement result. The
contamination brought in from the environment, processes and materials used for the inspection procedure
should be less than 10 % of the presumed or specified particle numbers, at the relevant sizes, with each
number calculated being rounded down (see ISO 16232-2, I1SO 16232-3, 1SO 16232-4, ISO 16232-5).
Furthermore, the sampling method chosen should be capable of detaching the required particles reliably and
completely from the testing surface. Flushing the sampling equipment should be capable of ensuring the
complete transfer of the particles present to the measurement medium or replacement surface. To optimize
the sampling method, blank samples (i.e. sampling on a clean surface) or samples from surfaces
contaminated in a defined way can be used.
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D.2.3.3.3

Measurement of the medium being used for detaching surface sedimented particles

The particles present in the gaseous or liquid flushing medium that was used for detaching surface
sedimented particles can be measured directly using appropriate optical particle counters (see D.2.7.4). The
low test-flow rate of optical particle counters does not permit large volumes of flushing media to be measured
completely. Therefore, a representative sample should be taken from the flushing volume. Especially in the
case of large particles (> 3 ym), care should be taken to avoid any separating out or sedimentation of the
particles as this would create an inaccurate measurement result. As with sampling techniques, sampling
equipment and associated tubing should be kept clean when measuring flushing media.

D.2.3.3.4

The particl
order to m
then passe
devices sud

Filtrati
filter m
size fo
either g

Impac
plates

All devices
cleanliness

D.2.3.3.5

For detach
approximat
efficiency o
is also relat

shape

existen

detach

Due to the
between th
efficiency o

To obtain &

o
]are then analysed microscopically.

s detached from the testing surface are present in either a gaseous or a liquid flushing mediun
asure the number of the particles, they are first deposited on a surface. The substitute|surfad

to the corresponding measurement systems for examination. For particle collection;-methods
h as the following can be used.

pn systems (liquid drawn through a filter membrane via a sucking strainer eriquid poured on
edium). The flushing medium is guided through filter membranes possessing an appropriate
the particle size to be determined. The filters containing the particles_arethen dried and analy
ravimetrically (see D.2.7.7) or microscopically (see D.2.6.2 and D.2.7.2).

rs. Particles are deposited from gaseous flushing media onto~an impaction plate. The impag

and handling steps associated with the collection process are subject to correspondingly
requirements. Their level of cleanliness should be statéd using blank samples.

Most frequently used indirect methods (see’Table D.2)

bly 1 um) require a greater effort for™emoval from the surface for indirect measurement.
a given method in detaching particles:from surfaces is not only dependent on the particle size
bd to the following parameters:

hnd material of particles;

ce of surface forces (€.g) electrostatic, cohesion, adhesion, capillary);

ng method (e.g.-ultrasonic, megasonic, flushing, purging, blowing, drawing).

different methods used to overcome forces between particles and surfaces, and the interad
bse factors,) the efficiency to detach particles varies significantly. Therefore, discrete values for

indirect methods cannot be given.

dditional information from indirect methods, analytical methods such as ESCA, EDX, Raman

h. In
e is
and

to a
bore
sed

tion

high

bble particle size/efficiency of indirect mieasurement methods, smaller particles (smaller than

The
but

tion
the

uv

or IR spectroscopy can be used for the characterization of particles.
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Table D.2 — Comparison of measurement methods for the indirect detection of particles on surfaces
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Examination of flushing
m¢ .dlum (I.|qu|_dlgasec?us) 0.2 um > 1um + ++ . _ _ + e+ T+ + ++ _
uging extinction particle
counters (> 1 ym)
Filtration or impaction of
ﬂlfShmg m_ednum . 0,2 ym > 1 um ++ ++ + ++ — A ++ ++ — ++ —
angl microscopic analysis
(> 0,5 um)
Examination of flushing
iquid using an OPC
(start with flushing particles t it - . — — i + it o
off the surface then draw 0.2um | > 0,2 um
them through an OPC)
(> 0,05 um)
Examination of gaseous
medium using an OPC
(staft blowing particles off the Q i+ . . . o — o + i+ .
surface then draw them 0.3 pm | >0.3um
through an OPC)
(> 0,05 um)
Filtration of flushing
r.nedlu.m and ) ++ — — — — ++ ++ ++ — ++ —
gravimetric analysis
(> 0,1 mg)
Key| ++ highly suitable, + partially suitable, — unsuitable/not useful.
NOTE Use of microsCopic or gravimetric analysis: whether filters can be examined with microscopic or gravinjetric analysis
depgnds on the total'number of particles found on the filters. The size of the particles is not a decisive factor. Empirically determined
refefence value: mieroscopic analysis is not possible for contamination greater than 3 mg on the surface of a filter (standafd filter size of
47 mm) (see 180\16232-2, 1ISO 16232-3, ISO 16232-4, ISO 16232-5). Gravimetric analysis is not suitable for classifidation of SCP
claspes, as no.discrete single particles will be measured. Gravimetric analysis is used to determine the total mass of all fontamination
detgched, ffom'the test surfaces.
@ | Figures in parentheses are detection limits of the measurement devices.

D.2.4 Determination of number of samples

The number of measurement points used and the overall surface under investigation determine the statistical
certainty of the measurement results. As the measurement results in general are dependent on different
influencing parameters (e.g. specific surface characteristics, selected measurement method, cleanliness of
the environment), the number of measuring points and measurement repeats should be agreed between the
customer and the supplier performing the measurements.

For the determination of the number of samples to be taken with the goal of achieving statistically verified
measurement results, pertinent standards or guidelines might be helpful (e.g. 1ISO 5725-2; ISO/TS 21748;
ISO 10576-1).
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