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Foreword

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

electrotec

hnical standardization.

Internatio'nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Par} 2.

The main
Standardg

Publication as an International Standard requires approval by at least 75 % of the member bod

casting a \

Attention
patent rig

ISO 14644
environme

ISO 14644
environme

— Partl
— PartZ
— Part3
— Part4:
— Part3y
— Partg:
— Part
— Part§:

— Part9:

— Part 1

The follow

adopted by the technical committees are circulated to the member bodies for voti

rote.

hts. [SO shall not be held responsible for identifying any or all such patent rights.

-10 was prepared by Technical Committee ISO/TC 209, Cleanroams and associated control
nts.

consists of the following parts, under the general title Cleanrooms and associated control
nts:

Classification of air cleanliness by particle concentration

Specifications for testing and monitoring to preve continued compliance with 1SO 14644-1
Test methods

Design, construction and start-up

Operations

Vocabulary

Separative devices (cleaw/air hoods, glove boxes, isolators, mini-environments)
Classification of air_¢leanliness by chemical concentration (ACC)

Classificationof surface cleanliness by particle concentration

0: Classification of surface cleanliness by chemical concentration

ring,part is under preparation:

— Part 1

is drawn to the possibility that some of the elements of this documentiay be the subject

task of technical committees is to prepare International Standards. Draft Intérnatiopal

g.
1€S

of

led

led

: ("lnccifirnfinn nfm'r' cleanliness by nanascale pnrfir'lp concentration

Cleaningofsurfacestoachieve definedlevelsof cleanlinessintermsofparticleand chemical classifications
will form the subject of a future Part 13.
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Cleanrooms and associated controlled environments —

Part 10:
Classification of surface cleanliness by chemical
concentration

1

Th
regard to the presence of chemical compounds or elements (including molecules, ions,

pa

Scope

s part of ISO 14644 defines the classification system for cleanliness of surfaces\in cleanr

'ticles). This part of ISO 14644 is applicable to all solid surfacesin cleanroomsand associated

oms with
4qtoms and
controlled

enyironments such as walls, ceilings, floors, working environment, tools, equipment and devifes.

NO[TE 1
intgraction between the contamination and the surface.

NO[TE 2
inf

For the purpose of this part of ISO 14644, consideration is only givento the chemical chara
a ppirticle. The physical properties of the particle are not considered and thispart of ISO 14644 does n

This part of ISO 14644 does not include the contamination/generation process and any time
uences (deposition, sedimentation, ageing, etc.) or process=dépendent activities such as transpo

teristics of
t cover the

dependent
'tation and

handling. Neither does it include guidance on statistical quality:control techniques to ensure compliance.

2 | Normative references

The following referenced documents are recommmended for the application of this document,

For dated

references, only the edition cited applies<For undated references, the latest edition of the feferenced

dofument (including any amendments)applies.

IS(
clepinliness by particle concentration

ISQ) 14644-6, Cleanrooms and-dssociated controlled environments — Part 6: Vocabulary

3 | Terms and definitions
Foz

3.1
ainf cleanliness by chemical concentration
ACC

leviel.éxpressed as an ISO Class N, which represents the maximum allowable concentration

14644-1:—1), Cleanrooms and\associated controlled environments — Part 1: Classification of air

the purposeSiofthis document, the terms and definitions given in ISO 14644-6 and the folloying apply.

of a given

chemical species or group of chemical species, expressed in grams per cubic metre (g/m3)

Note 1 to entry: This definition does notinclude macromolecules of biological origin, which are judged to be particles.

3.2
contaminant category

common name for a group of compounds with a specific and similar deleterious effect when deposited

on the surface of interest

1) To be published. (Revision of SO 14644-1:1999.)

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=564e5da9a8661d13010dd8f920839816

ISO 14644-10:2013(E)

3.3
chemical contamination

chemical (non-particulate) substances that can have a deleterious effect on the product, process or equipment

3.4
solid surface
boundary between the solid phase and a second phase

3.5
surface
boundary hetween two phases

Note 1 to eptry: One of the phases is normally a solid phase and the other a gas, a liquid or another solid.

3.6
surface cleanliness by chemical concentration
SCC
condition pf a surface with respect to its chemical concentration

3.7
surface cleanliness by chemical concentration class

Nscc
common lpgarithm (to the base of 10) of the chemical concentration on a“surface in grams per squ

metre (g/m?2)

4 Clasgification

4.1 Principles for establishing classification of clean surfaces in cleanrooms and con-
trolled epvironments

Classificafion shall be specified by use of a classification descriptor. This descriptor is designa
“ISO-SCC”[and specifies the maximum total-chemical concentration permitted on a surface for
individual chemical substance or group ef\substances. The classification of SCC is based upon

concentrafion of chemicals on a surface ascalculated using Formula (1) (given in 4.2) and expressed

HIre

red
an
the

in

g/m2. Forlcalculation of the class, all ather units shall be converted to g/m?2. In specific cases where low

concentrafions need to be specified, the maximum allowable concentration of chemicals on a surf
may be expressed in atoms per squdre centimetre, ISO-SCC_atomic, using Formula (2) in 4.4.

4.2 Classification for surface cleanliness by chemical concentration

The SCC class shall be designated by a classification number, Nscc, where Ngcc is the common logarit
index of cgncentratieni Cscc, expressed in g/m2. The SCC class statement shall always be connected w
a chemical substance or group of substances to which it is related. Intermediate concentrations may
specified, with 071 being the smallest permitted increment of Nscc. Cscc is determined from Formula

in terms of Nscc:

HCE

hm
ith
be
1),

Cscc =10"scc

Therefore, Nscc=10g10 Cscc

€y

Cscc, the maximum allowable concentration of the specified chemical substance or group of substances,
is expressed in g/m2. The measured chemical concentration on a surface shall not exceed the maximum
allowable concentration of SCC, Cscc to satisfy the predetermined SCC that is agreed between the

customer and supplier.

2 © IS0 2013 - All rights reserved
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In all cases, Nscc class numbers shall include the negative sign.
NOTE1 An SCC class number is only valid in connection with a descriptor (see 4.3).

NOTE 2  For converting from gravimetric concentration (g/m?2) to numeric concentration (number of atoms,
molecules or ions per unit area), see 4.4.

Table 1 and Figure 1 further illustrate the ISO-SCC classification as a function of chemical concentration
on a surface.

Note also the parameters listed in Annex B that influence classification.

Table 1 — ISO-SCC classes

ISO-SCC class Concentration Concentration Concentration
(g/m?) (ng/cm?) (ng/cm2)

0 100 106 10°

-1 10-1 105 108

-2 10-2 104 107
-3 10-3 103 106
-4 10-4 102 105

-5 10-5 101 104
-6 10-6 100 103

-7 10-7 10-1 102
-8 10-8 10-2 101
-9 10-9 10-3 100
-10 10-10 10-4 10-1
-11 1011 10-5 10-2
-12 10-12 10-6 10-3

© IS0 2013 - All rights reserved
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3

Key
X1 surfacg mass concentration (g/m2)
X2 surfacg mass concentration (ug/cm2)
X3 surfacg mass concentration (ng/cm?2)
Y ISO-SAC class

Figure 1’2 ISO-SCC classes as a function of concentration
4.3 ISO[SCC designation
An SCC clgss number is only valid in connection with a descriptor that includes the chemical substance
or group df stthstances for which this class number is valid. The ISO-SCC descriptor is expressed in the
format [SQ-SEC Class N (X), where X is a chemical substance or group of chemical substances.
EXAMPLE1  With an N-Methyl-2-pyrrolidone (NMP) sample, the measured value of chemical contamination

on a surface was 9,8E-7 g/m2. This is within the class limit of 1E-6 g/m?2 for Class —6. The designation would be:
“ISO-SCC Class -6 (NMP).”

EXAMPLE 2

With an organic compound sample, the measured value was 6E-5 g/m2 of total organic compounds

(TOC). This is within the class limit of 1E-4 g/m?2 for Class —4. The designation would be: “ISO-SCC Class -4 (TOC).”

4.4 Converter for substances into surface atomic concentration

Very low concentrations are usually measured in surface number concentrations in the units of number
of molecules, atoms or ions per surface area [1/m2]. For classification purposes, these should be

© ISO 2013 - All rights reserved
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converted into surface mass concentrations in the unit mass per surface area [g/m?2]. This conversion is

ma

de using Formula (2):

C _ M(CSCC_number)
scc — N

a

where

CSCC_number

(2)

is the surface number concentration = number of molecules, atoms or ions per sur-

Cs(
Ny
M

Fo1

cofcentration on a surface (expressed in g/m2) and the atomic concentration on a surface (ex

atg

5
tic

5.1

Fig

facearea [1/’1112],
C is the surface mass concentration [g/m2];
is Avogadro’s number [6,02 x 1023 /mol];

is the molar mass of atomic, molecular or ionic species [g/mpl].

information purposes, Figure A.4 in Annex A illustrates the_telationship between

ms/m2) for typical substances.

Measuring and monitoring the cleanliness of surfaces for chemical con
n and demonstration of compliance

Criteria for good cleanliness assessment

ure D.2 in Annex D illustrates how to meastire different types of contamination, showin

sampling and measuring methods.

Tes
air
the
eny

Ad

demonstrating compliahce.

Th
wi

Me
dif]

Re

ts performed to demonstrate compliance shall be conducted in a classified environment
borne chemical contaminant and the airborne particle contaminant levels do not negatively
classification. Suitable measurement methods and calibrated instruments shall be used for al
rfironment, measurement methods and instruments shall be agreed upon between customer ar

Hitional test essentials are discussed in Annex C, while Annex D details measurement m

b list of typical-nteasurement methods is not exhaustive. Alternative methods that prody
h comparable accuracy may be specified by agreement between customer and supplier.

asurement by different methods, even when those methods are correctly applied, ma
ferent Fesults of equal validity.

béated measurements are recommended as part of the statistical approach.

chemical
pressed in

tamina-

b differing

where the
r influence
tests. The
d supplier.

bthods for

ce results

y produce

Specific problems such as concentration spikes may occur when measuring high levels of cleanliness.
Special quality control techniques will then be required, as explained in Figure D.4 in Annex D.

Precautions should be taken to reduce electrostatic charge around the test zone, as electrostatic charge
enhances chemical deposition onto surfaces. If the surface is neither conductive nor grounded or charge-
neutralized, electrostatic charges might occur. Therefore, test results may vary.

For typical methods of measurement for testing surface cleanliness by chemical concentration, refer
to Annex D.
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5.2 Documentation and reporting

5.2.1 Principle

Compliance with surface cleanliness by chemical concentration (SCC) class requirements, as specified
by the customer, is verified by performing measurements and by providing documentation of the results
and conditions of measurement. Details for demonstrating compliance shall be agreed upon between

customer and supplier in advance.

5.2.2 Testin

Tests performed to demonstrate compliance shall be conducted using suitable measurement meth(l)ds

together with calibrated instruments whenever possible.

Measurenjent methods for demonstrating compliance are described in Annex D. The list of typical

methods described is not exhaustive. The testing environment shall be agreed between‘customer 3
supplier. Alternative methods of comparable accuracy also may be specified by agreement betwg
customer pnd supplier.

Measurenjent by different methods, even when correctly applied, may produce different resultg
equal valifity.

Repeated measurements are recommended.

The testinlg environment should be agreed between customer and supplier.

5.2.3 Testreport

nd
ben

of

The results from testing each surface shall be recorded and submitted as a comprehensive repgrt,

together With a statement of compliance or non-compliance of the specified SCC class. The test rep
shall inclulde as a minimum the following:

a) nameland address of the testing organization;
b) namelof the person performing the test;

c) measfirement environment;

d) date, fime and duration of sampling;

e) time ¢f measurement;

f) numbgr and year éfpublication of this part of ISO 14644, i.e. ISO 14644-10:2013

prt

g) clear {dentification of the location of the surface measured and specific designations for coordinaltes

of the[surfage; if applicable;

h) surfa¢e€leanliness by chemical concentration class with designation expressed as SCC class N;

i) acceptance criteria for the clean surface if agreed between customer and supplier;
j) specified measurement method(s), equipment resolution and detection limits;

k) details of the test procedure used, with any available data describing deviations from the t
procedure (if agreed);

1) identification of the instrument(s) used and current calibration certificate(s);

m) number of measurements performed;

est

n) test results, including chemical concentration(s) data for given substances, for all measurements

performed;

6 © IS0 2013 - All rights reserved
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o) surface condition, i.e. after final cleaning, before or after packaging, with agreement on type and
quality of packaging required.

An example of how this test report may be constructed can be found in Annex E. Other variations of the
test report which are agreeable to both the customer and supplier may be used.

© IS0 2013 - All rights reserved 7
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Annex A
(informative)

Conversion between different unit expressions of surface
concentration for chemical substances

A1 Pri

In additioI

surface n
based on
composin

hciple

A.2 Exdmples

to the unit of surface mass concentration of g/m?2, there exist several different uni€sjto exprgss
mber concentration of an organic compound or a group of organics such as molecules/m?2,
a number of organic molecules, and atoms C/m2, based on a number oflatoms of carfjon
b organic compound(s) under consideration.

For information purposes, Tables A.1 to A.3 illustrate how the different units of surface numper

concentra
in terms (

hexadecane and di (2-ethylhexyl) phthalate.

Table A

tions (molecules/m2 or atoms C/m2) can be converted dhto surface mass concentrati
f carbon (g C/m2) or whole compound (g/m2) respectively using the examples of hept

.1 — Illustration of the relationship between:iit of surface concentration [g/m2] and

ns
ne,

surface nimber concentration [molecules/mZ2, atoms.€/m2] for heptane (C7H1¢), CAS No. 142-82-5
Symbol Unit M=100,2,N.=7
Example 1 Example 2 Example 3 Example|4
Surface number molecular
2
concentratibn Cmolecule [molectules/m2] |1,00E+19 1,42E+18 7,16E+16 6,01E+16
Surface number concentra-
tion in ternls of carbon Ccarbon_number [atoms C/mZ] 7,00E+19 1,00E+19 5,00E+17 4,19E+17
Surface mass concentration
in terms of Farbon Ccarbon_mas$ [g C/mZ2] 1,39E-3 1,98E-4 1,00E-4 8,39E-6
Surface mags concentration | Cscc [g/m2] 1,66E-3 2,36E-4 1,19E-4 1,00E-6
Table A.2 — Illustration of the relationship between unit of surface concentration [g/m?]
and surface number concentration [molecules/mZ2, atoms C/m2] for hexadecane (C17H34),
CAS No. 544-76-3
Symbol Unit M=226,4,N.=17
EXample I | Example 2 | ExXample 3 | Exampie 4
Surface number molecular
2
concentration Cmolecule [molecules/m?2] |[1,00E+19 6,20E+18 3,12E+16 2,60E+16
Surface number concentra-
2
tion in terms of carbon Ccarbon_atom [atoms C/m?Z] 1,59E+20 1,00E+19 5,00E+17 4,20E+17
Surface mass concentration 2
S erms of earbon Cearbon_mass [gC/m2] 3,19E-3 2,00E-4 1,00E-4 8,49E-6
Surface mass concentration | Cscc [g/m2] 3,77E-3 2,35E-4 1,17E-4 1,00E-4
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Table A.3 — Illustration of the relationship between unit of surface concentration [g/m?2] and
surface number concentration [molecules/m2, atoms C/m2] for di (2-ethylhexyl) phthalate

(C24H3804), CAS No. 117-817-7

Symbol Unit M=390,6, N. = 24
Example 1 Example 2 Example 3 Example 4
Surf b lecul
C(‘)‘;Cae;i;‘;‘igner molecular | o ecule [molecules/m2] |[1,00E+19  |4,20E+18  [2,00E+16  |1,50E+16
Surface number concentra-
2
ity Radaa Ccarbon_atom [atoms C/m2]  |2,39E+20  |1,00E+19 4,89E+17 3,60E+17
Surface mass concentration
o s of carbon Cearbon_mass [g C/m2] 4,89E-3 2,04E-4 1,00E-4 7PB7E-6
Surface mass concentration | Cscc [g/m2] 6,62E-3 2,76E-4 1,35E-4 1J00E-4

Ea¢h surface number concentration can be converted to the original surface” concentration from

Formulae (A.1) to (A.3):

c

carbon_atom |:

Cscc [g / mz} = Cholecule [molecules / mz} X

M[g/mol]

atoms C/ mz}

M[g/mol]

N, [molecules / mol]

Cscc [g/mz] =

N [atoms C/ molecule]

[Ccarbon_mass[gc/mz]:|
Mle/mol |

Cscc[g/mz} =

whlere

M. is the molar mass©f,carbon.

N [atoms C/molecule]

g/mol]

N, [molecules / mol]

N¢ is the number of carboiixcomposing organic compound(s) under consideration; and

(A1)

(A.2)

(A.3)

Surface number concentration with different types of unit expression based on Langmuir-Blodgett (LB)
film for typical organics is also listed in Table A.4. The surface number concentration can b¢ obtained

from Formula(A.4):

CSCC_LB[g/mZJ=(M/Na)1/3d2/3

(A4)

witere

d isthe density of organic compound(s) in g/m3.

© IS0 2013 - All rights reserved
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Table A.4 — Monolayer concentration based on Langmuir-Blodgett film

Di (2-ethylhexyl)
oA o 146t e e Samiash I phthalate (Cagf3g04),
’ ’ CAS No. 117-817-7
Surface number molecular 2 55E+18 1,62E+18 1,34E+18
concentration
Surface number concentration
; 1,79E+19 2,59E+19 3,21E+19
in terms of carbon
Surface mass concentration 3,56E-4 5,18E-4 6,56E-4
in terms of gaxben
Surface mass concentration 4,24E-4 6,10E-4 8,88E-4

For inforthation purposes, Figures A.1 to A.4 illustrate how the different units of surface“numbper
concentrafions (molecules/m2 or atoms C/m2) can be converted into surface mass concentrationg in

terms of cprbon (g C/m2) or whole compound (g/m?2), respectively.

10
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1 heptarje (C7H1g), CAS O~1>42-82-5
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3 di (Z-ethylhexyl@lalate (C24H3804), CAS No. 117-817-7

Figure A. ﬁ?he relationship between the units of surface concentration (g/m2) and surfa
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Figure A.4 — The relationship between the units of surface mass concentration (g/m2) and
surface atomic concentration in terms of numbers of atoms (atoms/m2) for typical substances
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Annex B
(informative)

:2013(E)

Parameters influencing testing and interpretation of results

Pa

f)
g)
h)

j)

k)
D)

Th

rameters influencing testing and interpretation of results include the following:

.2 Considerations

Parameters

skill level of personnel doing sampling or making the test;
reliability, repeatability and capability level of the testing laboratory;
cleanliness level of sample vessels, tools and test equipment;

cleanliness level of packaging used for shipping the samples;

use of an agreed sampling, blank and error management procedure for collecting and measuring

samples (see Figure D.3 in Annex D);

unauthorized opening of the sample;

opening the sample outside a controlled environment;

quality of chemical or water used to strip the\chemical from its substrate;

loss of analyte during sampling, shipping'or testing;

loss or change of analyte by desorptior or thermal decomposition during test heating;
failure to continually recalibraté test equipment or to investigate unusual data excursions (t¢

errors in measuring or caleulating the sample area.

b listin B.1 is notComprehensive.

st spikes);
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Annex C
(informative)

Essential considerations for a good cleanliness assessment

C.1 Pripcipte

The following considerations should be established, agreed and managed before starting and dur
the assesgment:

a) surfag¢e wettability state, i.e. hydrophilic or hydrophobic;

b) substance or group of substances used in the subject material;

c) substance or group of substances of interest used in the subject process;

d) substance or group of substances used in the maintenance process;

e) substance or group of substances found in the outside and inside-air;

f) existdnce of a general chemical/molecular or product-specific problem;

g) substance or group of substances intended to be measured;

h) naturg, volume and velocity of the air during sampling;

i) odourdetection during sampling (Precautions should be taken to prevent inhalation.);
j) tempdrature, relative humidity and pressure levels during sampling;

k) visualization test or an ACC measurenient prior to the SCC measurement;

1) nanoparticle measurement prior¢othe SCC measurement;

m) cleaning substance or process.used;

n) expedted level of the measurement result;

0) type ¢f measurement jnstrument needed;

p) pointpf interestrepresentative of the entire sample;

q) contaminatien from the outside environment;

r) recontdimination from the measurement process or instrument;

s) restriction of electrostatic discharge and electrical transients at the measurement site;
t) measurement results within the specification of the classification;

u) application of adequate quality control to the collection and measurement of data.

C.2 Considerations

Also see Annex D for detail on measurement methods.

16
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Annex D
(informative)

Methods for testing surface cleanliness by chemical concentration

D.t—Method selection

D.1.1 Principle

In prder to obtain quantitative information regarding surface cleanliness, appropriate measurement
methods should be selected. In some cases where quantitative information cannet be ascertained for a
surface, it is possible at least to obtain a qualitative result. Qualitative resultsicannot be used for surface
clepnliness by chemical concentration classification as defined in Clause 5t

D.1.2 Measurement matrix

Figure D.1 provides a matrix for selecting an appropriate methodfor measuring surface cleanliness by
ch¢mical concentration.

SCC

[ Specific Substrate ( Specific Substrate ] [Representative Witness]

I

N

Real Ti . Measurement
Mea nt After Exposure
o\

~J

Analysis
Method
Options?

Direct Method Indirect Method

Figure D.1 — Analysis of surface cleanliness by chemical concentration:
measurement matrix chart

D.1.3 General application range of principal measurement methods

Figure D.2 illustrates how to measure different types of contamination, indicating which measurement
methods are appropriate for measuring particular substances.

© IS0 2013 - All rights reserved 17
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Q’\
Key QQ
X surfgce chemical contamination Q
Y main measurement methods 0\\
Z deteftion depth (nm) QO
P partjcles \"Q
(0] organics .
M metqls A\Q
[ ions|i.e. acids and bases \O
a TOF{SIMS time of flight-secondaty~ibn mass spectrometry
b XPS X-ray photo-electro-grbectroscopy
c AES Auger electro c:croscopy
d SEM scanning e n microscopy
e SEMtEDX SEM-e dispersive X-ray spectroscopy
f SEMfWDX SEM\%velength dispersive X-ray spectroscopy
g TXRF eflection X-ray fluorescence spectroscopy
h TD-GC/MS thermal desorption-gas chromatography/mass spectrometry
i TD-IMS/MS Q?‘ TD-ion mobility spectroscopy/MS
j FTIR § Fourier transform infrared spectroscopy
k MIR{F, multiple interlayer reflection-FTIR
1 QCM™ quartzerystatmicrobatance
m SAW surface acoustic wave
n VPD-ICP/MS vapour phase decomposition-inductive coupled plasma/MS
o SIMS secondary ion mass spectrometry
p VPD-TXRF vapour phase decomposition-TXRF
q SE-IC/MS solvent extraction-ion chromatography/MS
r SE-HPLC SE-high-performance liquid chromatography

Figure D.2 — General application range of principal measurement methods
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D.2 Criteria for the measurement of surface cleanliness by chemical concentration

D.2.1 General

The classification of surface cleanliness by chemical concentration can be determined as soon as the
chemical contamination has been measured.

Asameasurable and quantitative criterion for the evaluation and classification of the surface cleanliness,
the number and type of all adherent chemical substances should be determined.

D.

Th
its

a)
b)
‘)
d)
e)

f)

Du|
clal

D.’

D.Z

Ide
acd
md

a)
b)
Diy
thd
ma

characteristics. Some of the most important requirements are summarized as follows:

information regarding chemical characteristics and resistance (e.g. material, concentra

feasible measuring positions (indirect, analytical measuring devic€é such as an SEM stub
testing speed and effort involved (i.e. use of random sampling @r Series testing);

flexibility (i.e. whether the method can be rapidly implemiented on various surfaces o
components);

little or no surface alteration caused by the measurement procedure (i.e. measurement sy
not altered as a result of being wetted with flushing fluids).

e to requirements a) through f) in D.2.2, the\measurement methods described in D.2.]

5sified and be limited for each of the applications.

p.3 Direct or indirect measurement methods

.3.1 Principle

ally, surface cleanliness by chemical concentration is best assessed when the test surfe
essed by the chosen meastirement device. In principle, the following methods can be
asure the surface cleanliness:

direct methods;
indirect methods where a pre-treatment technique may also be introduced.

ect methods that do not require sample pre-treatment should generally be given priority.
se methods involve less measurement activity and are also associated with fewer errors, t
re.reproducible results than indirect methods. However, depending on component and

fe

e measurement method is selected according to criteria determined by the surface being {

:[)
feasible measuring positions (direct, real-time measuring device such as;ah SAW instrunpent);

ested and

n);

zone);

f different

rfaces are

could be

ce can be
htilized to

Generally,
hus giving
sampling

sibility for complex components, indirect methods are often the only possible alternative

n order to

determine the chemical cleanliness of a surface.
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D.2.3.2 Collection method
The chemical contamination under consideration may be presented in one of three groups:
1) total product — where the whole contaminated specimen is sent to test;

2) deposition sample — from proximity exposure onto witness discs or wafers;

3) extracted sample — collected from materials, work tops or equipment, using appropriate physical
tools such as swabs, scalpels or adhesive tapes of predetermined contamination level or by solvent

extragtion.

D.2.3.3 Detachment techniques

“Total product”-type contamination may be collected and analysed as per Figure D.3;uSing either ¥
or dry techniques. Deposition samples may also follow the same procedure, whereifv the contamin
is either displaced by surfactant in a water solution or dissolved by an organic 5olvent. The result
analyte ig then fed into the appropriate test system for indirect assessment.) Alternatively if “d
assessmeit is to be made, the material will be cut into appropriately sized.pieces and loaded direqd
into the injstrument.

The third fype — extracted samples — requires the contaminant to e transferred to adhesive tapes

vet
hnt
ng
[y”
tly

or

involves placing the tape or stub over the surface and making fitin contact with the film. The adhe
or stub is|then placed in a clean, sealed transport pouch for shipment to the laboratory. Non-leach
cleanroonj gloves should be used when taking the sample. Depending on the extraction method used 4

SEM stubd that can be directly loaded into the instrument. Low-tackadhesive is used for this work, wqich

ive
ng
nd

the contamination form, either analysis can be carried outdiréectly by placing the physical collection samjple

into the arjalytical instrument, or further preparation by chemical or thermal techniques will be requir

D.2.4 P4Jckaging of test samples

D.2.4.1 Packaging of samples for chemical examination
Samples that are to be assessed for SEE\outside the area of origin should be packaged as follows:

a) Prepdration should take place’inside the area of origin. The preparer should wear appropri
cleantoom clothing.

b) To hapdle samples, atechnician should wear a new pair of washed nitrile or latex cleanroom glo
and upe tweezers gr vacuum pickup.

c¢) When| a cleaning'process has been used, the samples should be allowed to cool and dry bef
wrapping in‘¢lean aluminium foil.

ed.

hte

yES

pre

d) Each §ample should be foil-wrapped separately before being placed in a cleanroom bag.

e) Cleanroom-produced polyethylene bags with a fully detailed chemical test certificate should
used. The minimum thickness of the bags should be 80 pm to avoid tearing.

be

f) The bag should be sealed with specified adhesive tape and an identity label should be fixed to the

outside, worded to prevent the bag from being opened outside a controlled environment.

g) A second cleanroom bag should then be placed over the first bag to eliminate particulate

contamination.
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D.2.4.2 Removal from packaging

a)
b)

c)

d)

:2013(E)

The exterior bag should be removed immediately before entering the controlled test environment.

The interior bag should not be removed before arrival in the controlled test environment.

Full cleanroom garments, including hood and face mask, should be worn when handling the

interior pack.

A new pair of washed nitrile or latex cleanroom gloves should be worn when examining th

e samples.

D.’

In
the

Ex

b)

D.’

P.5 Pre-treatment methods

cituations where a direct measurement technique is not practical, it may be necessary to
sample before measurement using an additional surface refinement technique/See also F|

hmples of pre-treatment are:

Field-ion beam (FIB) microscopy — a preparation technique using an-ion beam to crez
sectioninthe specimen which is then analysed using a high-resolutionmicroscope such as

electron microscope (STEM).

Thermal desorption (TD) spectroscopy — the contaminant is thermally evaporated into
substance, which is then analysed using controlled analytical methods. Derivatives of th

— TD-GC/MS, used on inorganic and metallic surfaces where the final analysis is carried
gas chromatography with mass spectrometry;

— TD-QMS, using thermal desorption, aind’ measuring ion intensity with a quadru
spectrometer;

— TD-API-MS, using a Thermally Desorbed Atomic Pressure lonization Mass Spectromg
— wafer thermal desorption (WTD), used for semiconductor wafers.

Solvent extraction (SE) —a\suitable solvent is used to dissolve the surface contaminant
test solution for use in one of the following wet microanalysis methods:

— solvent dissolution (SD), where both the contaminant and the substrate matrix are di
the solvent for‘a few nanometres depth, as shown in D.2.8;

— vapour~phase decomposition (VPD), where the contaminant is dissolved using
hydrefluoric acid and tested as shown in D.2.8.

p.6 Comparative test methods

condition
gure D.3.

te a cross
h scanning

electron microscope (SEM), a transmission electron microscope\(FEM), or a scanning transmission

a gaseous
s are:
| out using

bole mass

bter;

creating a

ssolved by

vaporized

Th

e ‘following tables are for guidance only and are not intended to be exhaustive or compfehensive.

Table D.1 lists direct test methods and Table D.2 lists indirect methods, which may include pretreatment.

D.2.7 Direct measurements

Complex methods: X/Y (for example, GC/MS), where X is the main measuring method to be used and
chromatographic separation (qualification) and determination (quantification) are the basic functions.
The classification is based on the ‘X’ process. ‘Y’ describes the additional functions, e.g. sensitivity of mass
spectrometry for each chromatogram peak to make up quantification. Additional information for ‘X’, such
as a mass chromatogram or the mass spectra of each peak to ascertain qualification, may also be shown.

© IS0 2013 - All rights reserved
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Table D.1 — Direct measurement methods and their applications

Technique | Acronym Principle Infor!natlon Sensitivity Resolution lateral Quantlta_tlve Typlca_l applica-
gained depth analysis? tions
Method in which
an electron spec- .
trometer is used Semi-quan- Characteriza-
Auger e . tion of surface
to measure the Structure tified with )
electron AES C o i 0,1at% <10 nm 20 nm contaminants;
energy distribu- | composition standard -
spectroscopy . . multilayer struc-
tion of Auger materials
. ture
electrons emitted
from a surface
Surface analypis
Method in which of organic'an
. ) an electron spec- inorganic mate-
)e(lgii,rggom trometer is used rials’or'residyes;
to measure the . . depth'profili
spectroscopy - Quantified Semi-quan- e
energy distribu- ore . for-thin-film
(also known | |XPS (or . elemental tified with o
tion of photoelec- . . 0,1at% <10nm <10 nm composition;
as electron ESCA) and oxidation standard . .
trons and Auger . oxide thickne§s
spectroscopy 1 itred | State materials
for chemical electrons emitte measuremen
. from a surface (Si0g, Alz03);
analysis)
irradiated by determinatiof of
X-ray photons functional poly-
mer groups
Trace con-
Mass spectrom- o
) tamination of]
etry is used to surfaces, thin
measure the mass- ) -
. Elemen- e films, multilayer
Secondary to-charge quotient . Quantified
. tal, simple . structures anfl
ion mass SIMS and abundance . . ppm-ppb 2 nm, 30 nm with stand-  |;
: inorganic . interfaces;
spectrometr of secondary ions leeul ard materials o d
emitted from molecules composition gn
sample after ion impurity meag-
bombardment urements of thin
films
Microanalysig of
Time-of-flight | | Semi-quan- organic and_lrior—
secondary ioh Elementa tified with ganic materiats;
TOF-SIMS |Same as SIMS and molecu- |ppl-ppb <5 nm <0,2 um mass spectra
mass spec- standard .
lar . direct from syr-
trometry materials P L
aces; ion surflace
imaging
Characterizatjon
High-power of micro-strug-
Scanning microscope using Structure and tural surface
electron SEM afocused scannéd N/A N/A N/A N/A topography,
. morphology SO )
microscopy electron beam-to, grain size, oxifdes
produce images and contaminf-
tion
Analytieal capa-
bilitywthat usesa | Elemental.
Energy-dis- solid-state cooled |May be com-
persive detector system to | bined with o ~ ~ Elemental
X-ray spec- SEM EDY detectand meas- |imaging tools 0,1% =1um =1um yes microanalysis
troscopy ure X-ray pulses (SEM, TEM,
emitted during STEM).
SEM interaction.
X-ray spectrom- Qualitative ele-
eter measuring ir?ler:)tfallusl‘l:{f:x-n
energy distribu- sa%n les
Total reflec- tion of fluorescent. . pies,
tion X-ra X-rays emitted Quantified Quantified metallic surface
y TXRF y . 10 ppb 1nm 1 mm with stand- |contamination
fluorescence from surface irra- |elemental . .
. : ard materials [on semicon-
spectroscopy diated by primary f
X-rays under ductor waters,
condition of total composition
reflection ratios of binary
' thin films
22 © IS0 2013 - All rights reserved
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Table D.1 (continued)
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Technique | Acronym Principle Infor_matlon Sensitivity Resolution lateral Quantlta.tlve 'l‘yplca_l applica-
gained depth analysis? tions
Identification of
molecular struc-
Measurement for ture organic
. infrared absorp- . compounds,
Fourier tion spectrain Chemical Quantified films, particles
transform 1Sp bondingand |1E-19 carbon 0,1- 10- - » particies,
. FTIR which a spec- with stand- | powders liquids;
infrared . molecular atoms/m?2 2,5 pm 100 pm PR
Spectrosco trometer is used structure ards quantification
p Py to measure the of O and H in Si
infrared energy wafers; quantifi-
catipn of H in SiN
wafgrs
Optically modi-
fied version of
FTIR; low-angle
Multiple incident IR is
int¢rnal multi-reflected Less than Sim]lar to above
. MIR-FTIR . As above 1E-18 carbon [Asabove |Asabove .|Asabove
reflection between infrared on sjirfaces
. atoms/m?2
FTIR transparent prism
and substrate
surface to enhance
detection activity
Device in which
piezoelectric Vibration
quartz crystals frequency Thiy film depos-
Quartz crys- respond to the Molecular is compared |its off gaseous
tal micro- QCM condensation of | flux measure-|ng/cm2-Hz N/A N/A with refer- conflaminants
balpnce gasses by reducing | ment ence materi- |ontq quartz
operating Hz in a als of known |detgctor surface
linear mass-to-Hz concentration
relationship
ACOHS'th Thin film depos-
wave 1S Com- ¢ of gaseous
Suifface Molecular 0,01 ng/cmz- pared with conla%ninants
acqustic wave | SAW Item as above flux measure- |/ g N/A N/A reference
Hz . ontd a detec-
detlector ment materials of
tor qubstrate
known con-
. surfpce
centration
Atdmic force |, o Shape and Visyal imaging
midroscope molecule size
MeasuringX=ray
wavelength/of
elements/of atomic | Element dis-
Wabelength nuibef of lithium |tribution can
dis :)ersi\{lge duying SEM inter- |be combined
SEM-WDX~ | action; measuring |with imaging Visyal imaging
X-rpy spec-
trobco X-ray wavelength |tools (SEM,
PCOPY elements > atomic |TEM, STEM,
number of lithium |etc.)
during SEM inter-
action
NO['E _Resolution and sensitivity are interdependent parameters. Resolution is related to the concentration on the sample] Sensitivity
can] be-influenced by optimizing the sample area.
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D.2.8 Indirect measurement methods (pre-treatment and measurement)

Table D.2 — Indirect measurement methods and their applications

Technique Acronym Principle Information | Typical sensi- | Typical quantitative analysis appli-
gained tivity cations
Contaminants on
substrate surface are Trace analvsis of
thermally desorbed and organic s }e]cies- evalu-
Thermal desorption- concentrated into a spe- Quantified Quantified ati%)n of cgntamlinants
gas chromatogranhv/ [TD-GC/MS cific absorntion column otECTTTT 10ng/m?2 with stand- e e
mass spectrdmetry and analyte. Concentrates ards fer th \d
are then introduced to a (wa er erma}S S
gas chromatograph/mass orption GC/M3)
spectrometer.
Contaminants on Trace lenic contamjna-
substrate surface are dis- tidhdnalvsis: meas
solved in an appropriate urement};fe;(tract ble
Solvent dissdlution- solvent, via a concentra- tified Quantified N tituent °f
ion chromatqgraphy/ |SD-IC/MS tion stage if required. An _Que_m e 10 ng/m?2 with stand- fonic constituen S?
. ionic powders, encapsuld-
mass spectrqmetry optimum amount of solu- ards tion compounds anf
tion is then injected into lasses szter samole
an ion chromatograph/ 8 - p
mass spectrometer. preparation by reflfix
Contaminants on
substrate surface are
thermally desorbed and
are introduced to an ion
mobility spectrometer.
Thermal desprp- Contaminants are decom- pdrtsper billion | Quantified Inorganic NH3 and
tion-ion moHility TD-IMS posed using (ppb) in gas with stand- organic contaminants
spectrometry B rays into ionized frag- phase 1 ug/m2 |ards on substrate surfacg
ments, which are sepa-
rated according to their
ion mobility. Ions are then
determined with quadru-
pole mass detector.
The contaminants are
dissolved by an appie-
priate solvent and axe
Solvent dissdlution— introduced int.o capillary
capillary ele¢tropho- electrophorf}ms (CE). 2
resis-mass spectrom- SD-CE/MS The contamihants are 200 ng/m
etry separated from each
other'acdording to their
cohduetive properties
and-evaluated by mass
spectrometer.
The contaminants are
dissolved with appro-
Solvent dissdlution- p“atgsc’l‘éentﬁ.niare Quantified Measurement of
high perfornjance lig- §SDHPLC 1fntro uce 'to. 18-per 2000 ng/m?2 with stand- extractable organid
. ormance liquid chroma-
uid chromatqgraphy. ards components

tograph to be separated
from each other and
evaluated

24
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