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Foreword

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

Part 10:
Assessment of surface cleanliness for chemical
contamination

1

Th
cle
atg

Scope

s document establishes appropriate testing processes to determine the cleanliness of §
hnrooms with regard to the presence of chemical compounds or elements (including moleq
ms and particles). This document is applicable to all solid surfaces in cleanrooms and

comtrolled environments such as walls, ceilings, floors, worksurfaces, tools, ' €quipment and d

NO
ap
int

NO
inf

TE1 For the purpose of this document, consideration is only givefi-to” the chemical charac
article. The physical properties of the particle are not considered and this document does no
braction between the contamination and the surface.

TE 2 This document does not include the contamination,'geéneration process or any time
uences (e.g. deposition, sedimentation, ageing) or process-dépendent activities such as transpo

hanpdling. Neither does it include guidance on statistical qualjty-control techniques to ensure complia

2
Th

3
Fo1
ISQ

3.1
air
AC
lev

Normative references

bre are no normative references in this document.

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

and IEC maintain terminology databases for use in standardization at the following addr

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

cleanliness by chemical concentration
C

urfaces in
ules, ions,
hssociated
bvices.

teristics of

[ cover the

dependent
'tation and
hce.

PSSeS:

el, €xpressed as an [SO grade level N, which represents the maximum allowable concent

giv

ation of a

efrchemical species or group of chemical species, expressed in grams per cubic metre (g/1n3)

Note 1 to entry: This definition does not include 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

3.3

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

© IS0 2022 - All rights reserved
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3.4

solid surface

boundary

3.5
surface
boundary

between the solid phase and a second phase

between two phases

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

3.6

SCC
<conditio

3.7
surface c]

Ngce
<mathem{

grams per

4 Testi

surface cleanliness by chemical concentration

> condition of a surface with respect to its chemical concentration

eanliness by chemical concentration

itics> common logarithm (to the base of 10) of the chemical concentiration on a surface
square metre (g/m?)

ng and grading surface chemical levels

4.1 Pri

cleanrooms and controlled environments

The testi
is used to
chemical §

on a surfalce as calculated using Formula (1) (given in 4.2) and expressed in g/m2. For this calculat

all other
determing
centimetr

4.2 1SO

The SCC 14
of concent
a chemica
used from)
with 0,1 b
of Ngc:

Csce 7

ciples for testing the surface chemical contamination levels of clean surfaces

g and grading levels shall be determined by the use of a descriptor designated “ISO-SCC”. T|
ubstance or group of substances. The SCCével is based upon the concentration of chemid

inits shall be converted to g/m2. In specific cases where low concentrations need to
d, the concentration level of chemical on a surface may be expressed in atoms per squ

e, ISO-SCC ¢ omic Using Formula (2)in 4.4.

SCC descriptor format

ration Csqc, expressedin g/m2. The SCC grade level statement shall always be connected W
substance or group of substances to which it is related. Thirteen distinct grading levels

ping the smallest permitted increment of Ng¢c. Cscc is determined from Formula (1), in ter

10%sec

in

in

his

indicate the amount of total chemical concentration measured on a surface for an individpal

als
on
be
hre

vel shall be designated by a grading number Ng(¢, where Ng¢ is the common logarithm inglex

ith
hre

0 to -12, whete)level 0 is most contaminated. Intermediate concentrations may be specified,

Ims

M

Therefore, NSCC = 10g10 CSCC .

Cscc the concentration of the specified chemical substance or group of substances, is expressed in g/
m?. The measured chemical concentration on a surface shall not exceed the level of SCC, Cy. to satisfy
the predetermined SCC that is agreed between the customer and the supplier.

In all cases, Ng¢ grade level numbers shall include the negative sign.

NOTE 1

NOTE 2

An SCC grade level number is only valid in connection with a descriptor (see 4.3).

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

© IS0 2022 - All rights reserved
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Table 1 and Figure 1 further illustrate the ISO-SCC designation as a function of chemical concentration
on a surface.

Note also the parameters listed in Annex B that influence measured chemical levels.

Table 1 — ISO-SCC grading levels

ISO-SCC level Concentration Concentration Concentration
g/m? pg/m? ng/m?
0 100 106 10°
-1 10-1 10° 10°
-2 102 104 107
-3 10-3 103 106
-4 104 102 105
-5 10-5 101 104
-6 10-6 100 103
-7 107 10-1 102
-8 10-8 102 101
-9 10-9 10-3 100
-10 10-10 1054 101
-11 10-11 10-5 102
-12 10-12 10-6 10-3

© IS0 2022 - All rights reserved
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-10 >

-11

;
&N
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e

-12 >
1E-12 1E-11 1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E»#4 1E-3 1E-2 1E-1 1E+0 X1

1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E+1%1}E+2 1E+3 1E+4 1E+5 1E+6 X
1E-3 1E-2 1E-1 1E+0 1E+1 1E+2 1E+3 1E+4* 1E+5 1E+6 1E+7 1E+8 1E+9 X
3

X; surfacg mass concentration (g/m?)
X, surfacg mass concentration (pg/m?)
X; surfacg mass concentration (ng/m?)
Y ISO-SQC grade level

Figure 1 — I1SO-SCC grade levels as a function of concentration

4.3 ISO}SCC gradedevel

An SCC grjade leveliis only valid in connection with a descriptor that includes the chemical substance
or group (f substances for which this level number is valid. The ISO-SCC descriptor is expressed in the
format ISQ-SCE Level 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 grade level limit of 1E-6 g/m? for Level —-6. The designation
would be: “ISO-SCC Level -6 (NMP).”

EXAMPLE 2 With an organic compound sample, the measured value was 6E-5 g/m?2 of total organic
compounds (TOC). This is within the grade level limit of 1E-4 g/m2 for Level —4. The designation would be: “ISO-
SCC Level -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 grade level determination purposes, these

4 © IS0 2022 - All rights reserved
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should be converted into surface mass concentrations in the unit mass per surface area (g/m?). This
conversion is made using Formula (2):

M(CSCC_number )
N

Cscc =
a

where

CSCC_number

area (1/m?2);

(2)

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

Csdc is the surface mass concentration (g/m?2);

N, is Avogadro’s number (6,02 x 1023/mol);

M is the molar mass of atomic, molecular or ionic species (g/mol).

For information purposes, Figure A.4 in Annex A illustrates the relationship between chemical
comcentration on a surface (expressed in g/m?2) and the atomic concentration on a surface (expressed in
atdms/m?2) for typical substances.

5 | Measuring the cleanliness of surfaces for chemical contamination and
demonstration of grade level compliance

5.1 Criteria for good cleanliness assessment

Figure D.2 in Annex D illustrates how to measure different types of contamination, showing differing
sanpling and measuring methods.

Tegts performed to demonstrate compliance shall be conducted in a laboratory environmgnt where
thg airborne chemical contaminant and the airborne particle contaminant levels do not pegatively
influence the grade determination. Suitable measurement methods and calibrated instrunfents shall
be[used for all tests. The environment, measurement methods and instruments shall be agfeed upon
between customer and supplien

Adfitional test essentials are-discussed in Annex C, while Annex D details measurement mpthods for
demonstrating compliance;

The list of typical measurement methods is not exhaustive. Alternative methods that prodyce results
with comparable@aceturacy may be specified by agreement between customer and supplier.
Measurementiby different methods, even when those methods are correctly applied, maly produce
different results of equal validity.

Repeated measurements are recommended as part of the statistical approach.

Specific problems, such as concentration spikes, may occur when measuring nigh 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 can occur. Therefore, test results can vary.

For typical methods of measurement for testing surface cleanliness by chemical concentration, refer to
AnnexD.

© IS0 2022 - All rights reserved
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5.2 Documentation and reporting

5.2.1 Principle

Compliance with surface cleanliness chemical concentration (SCC) grade level requirement, 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 Testing

Tests perf]
together

Measureni
methods (¢
supplier.
customer

Measureni
equal vali

Repeated

Uith calibrated instruments whenever possible.

lescribed is not exhaustive. The testing environment shall be agreed between‘customer 3
\lternative methods of comparable accuracy also may be specified by agreement betwyg
hnd supplier.

ent by different methods, even when correctly applied, may produce different resultg
lity.

measurements are recommended.

The testinjg environment should be agreed between customer and supplier.

5.2.3 Te

The resul
together ¥
report shg

a) name

b) name

st report

vith a statement of compliance or non-compliance to the required SCC grade level. The
Il include as a minimum the following:

and address of the testing organization;

of the person performing the test;

C) measyirement environment;

ime and duration of sampling;
f measurement;

rence to thisideCument, i.e. ISO 14644-10:2022;

surfage; if applicable;

prmed to demonstrate compliance shall be conducted using suitable measurement methrlyds

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

nd
ben

of

's from testing each surface shall be recorded and submitted as a comprehensive repgrt,

est

dentification of the location of the surface measured and specific designations for coordinaftes

vel

e€leanliness by chemical concentration level with designation expressed as SCC grade lg

d) date, 1

e) time ¢

f) arefe

g) cleari
of the

h) surfag
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 test
procedure (if agreed);

1) identi

m) numb

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

er of measurements performed;

© IS0 2022 - All rights reser
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n) test results, including chemical concentration(s) data for given substances, for all measurements
performed;

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.

©1S0 2022 - All rights reserved 7
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(informative)

Annex A

Conversion between different unit expressions of surface
concentration for chemical substances

A.1 Principle

In additign to the unit of surface mass concentration of g/m2, there exist several different units

to expres
molecules
carbon co

A2 Ex

dmples

5 surface number concentration of an organic compound or a group of organics such
m?Z, based on a number of organic molecules, and atoms C/m?, based on a numiber of atoms of
mposing organic compound(s) under consideration for each contaminanticategory.

as

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

concentra

terms of

hexadecane and di (2-ethylhexyl) phthalate.

Table A

Lions (molecules/m? or atoms C/m?2) can be converted into, 'surface mass concentrations
rarbon (g C/m?) or whole compound (g/m2), respectively, using the examples of heptane,

1 — Illustration of the relationship between.tinit of surface concentration [g/m?2] and

in

surface number concentration [molecules/m2, atoms C/m?] for heptane (C,H,¢), CAS No. 142-
82-5
Symbol Unit M =100,2,N. =7
Example 1 | Example 2 | Example 3 | Examplel4
Surface number mo- 2
lecular colcentration | Cmolecule [molecules/m?]  |1,00E+19 1,42E+18 7,16E+16 6,01E+16
Surface nymber con-
centrationfin terms | C.arpon number| [atoms C/m?] 7,00E+19 1,00E+19 5,00E+17 4,19E+17
of carbon B
Surface mgss concen-
trationinferms of  |C,, paithass |8 C/m?] 1,39E-3 1,98E-4 1,00E-4 8,39E-6
carbon
Surface mgss concen- 2
tration Cscc [g/m?] 1,66E-3 2,36E-4 1,19E-4 1,00E-6
8

© IS0 2022 - All rights reserved
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Table A.2 — Illustration of the relationship between unit of surface concentration [g/m?] and
surface number concentration [molecules/m?2, atoms C/m?] for hexadecane (C;,H3,), CAS No.

surface number concentration [molecules/m2, atoms C/m?2] for-di (2-ethylhexyl) pht
(C,4H350,4), CAS No. 117-817-7

544-76-3
Symbol Unit M =226,4,N, =17
Example 1 | Example 2 | Example 3 | Example 4

Surface number mo- 2
lecular concentration | Cmolecule [molecules/m?]  |1,00E+19 6,20E+18 3,12E+16 2,60E+16
Surface number con-
centration in terms Cmrhm,_mm [atoms C/m?] 1,59E+20 1,00E+19 5,00E+17 4,20E+17
of rarbon
Sufface mass concen-
trdtion in terms of | Cearpon mass | [& C/m?] 3,19E-3 2,00E-4 1,00E-4 8,49E-6
carbon
Sufface mass concen- | o [g/m?] 3,77E-3 2,35E-4 1,17E-4 1,00E-4
trdtion

Tiable A.3 — Illustration of the relationship between unit of surface concentration [g/m?] and

halate

Symbol Unit M =390,6,N, =24
Exaniple 1 | Example 2 | Example 3 | Example 4

Sufface number molecular 2
cohcentration Colecule | [molecules/m2]%}1,00E+19  |4,20E+18 |2,00E+16 |1[,50E+16
Surface number concentration \Cearbon_ | [atoms C/m2]  |2,39E+20 |1,00E+19 |4,89E+17 |360E+17
in ferms of carbon atom
Sufface mass concentration in |Ce,rpon [g C/nz] 4 89E-3 2 04E-4 1 00E-4 437E-6
teffms of carbon mass ’ ’ ’
Sufface mass concentration Csce [g/m?2] 6,62E-3 2,76E-4 1,35E-4 1,00E-4

Ea
Foi

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

M(g/mol]

'h surface number concentration can be converted to the original surface concentrgtion from

C m? |=C molecules / m? | x Al
Scc |:g/ :| molecule [ / ] N, [molecules / mol] (A1)
Crarb [atoms C/mz} M 1
c |:g/m2:| ~ “carbon_atom [g/mol] (A2)
sce N_[atoms C / molecule] N, [molecules / mol]
2
Ccarbon_mass [g C / m ]
M. [g/mol]
2
Coce|g/m? = ——2 2 M[g/mol] (A3)
= = IVC [4TUIILS U/ TTTUICTUIT]
where
N, is the number of carbon composing organic compound(s) under consideration;
M, is the molar mass of carbon.
©1S0 2022 - All rights reserved 9
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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 be obtained

from Formula (A.4):

Csce_LB [z%’/rrlz]:(l"f/]\’;,1)1/3612/3

where d is the density of organic compound(s) in g/m3.

(A4)

Table A.4 — Monolayer concentration based on Langmuir-Blodgett film

Heptane (C;H¢),
CAS No. 142-82-5

Hexadecane (C,Hj,),
CAS No. 544-76-3

Di (2-ethylhexyl)
phthalate (C,,H350 4
CAS No. 1174817-7

Surface nuymber molecular con-

. 2,55E+18 1,62E+18 1,34E+18
centration|
_Surface nu_mber concentration 1,79E+19 2,59E+19 3215519
in terms of carbon
Surface mass concentration in 3,56E-4 5,18E-4 6,56E-4
terms of carbon
Surface m4ss 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 number
concentrafions (molecules/m?2 or atoms C/m?) can be converted nto surface mass concentrationq in
terms of chrbon (g C/m2) or whole compound (g/m?2), respectively:
10 © IS0 2022 - All rights reserved
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(1E-5)

1E-2

(1E-6)

1E-3

(1 F‘-7)

Ke}

W R @ < X

1E-4

(1E-8)

1E-5

(1E-9)

1E-6

(1E-10)

1E-7

/

(1E-11)

1E-8

/

|

(1E-12)
1E-9

(1E-13)

Z

Z

1E+12 1E+13 1E+14 TE¥15 1E+16 1E+17 1E+18 1E+19 1E+20
(1E+8) (1E+9) (1E+10)(1E+11) (1E+12) (1E+13) (1E+14) (1E+15) (1E+16)

surface molecular concentration (molecules/m2) [surface molecular concentration (moleculescm?)]
surface mass concentration (g/m?) [surface mass concentration (g/cm?)]
surface concentration corresponding to monolayer based on LB model
heptane (C;H;5);:CAS No. 142-82-5

hexadecane(G{;H;,), CAS No. 544-76-3

di (2-ethylhrexyl) phthalate (C,4H350,), CAS No. 117-817-7

Figure'A.1 — The relationship between the units of surface mass concentration (g/m2) and
surface molecular concentration (molecules/m2) for typical organics

© IS0 2022 - All rights reserved
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YA
1E-1

(1E-5) /
1E-2

(1E-6) /
1E-3

(1E-7)

1E-4
(1E-8) /
1E-5
(1E-9) 5\7/ o
1E-6 2 |
- [ &2
(1E-10) / ¢}
o)
1E-7 i

(1E-11)
1E-8 |
(1E-12) gf?
1E-9 3
(1E-13)

1E-9 1E-8 1E7 1E-6 _AE5 1E-4 1E-3 1E2 1E-1 X
(1E-13) (1E-12) (1E-11) (1E-10) (1E-9) (1E-8) (1E-7) (1E-6) (1E-5)

Key

>

suyface atomic concentration in terms of mass of carbon (grams C/m?2) [surface atomic concentratiof in
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suifface concentration corfesponding to monolayer based on LB model
heptane (C;H;¢), CASNo:-142-82-5

hexadecane (C;;Hs,)) CAS No. 544-76-3

di [2-ethylhexy}).phthalate (C,4H350,), CAS No. 117-817-7

w N - @ <
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Figure A.2 —The relationship between the units of surface concentration (g/m?2) and surfage
atomic concentrations, in terms of mass of carbon (grams C/m?) for typical organics
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heptane (C;H;¢z), CASNp. 142-82-5

hexadecane (C;;Hg,), CAS No. 544-76-3

di (2-ethylhexylphthalate (C,,H;50,), CAS No. 117-817-7
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atomic concentration, in terms of numbers of carbon (atoms C/m?2) for typical organics
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1,0E-12
(1,0E-16) J >
1,0E+10 1,0E+11 1,0E+12 1,0E+13 1,0E+14 1,0E+15 X
(1,0E+6) (1,0E+7) (LOE+8) (1,0E+9) (1,0E+10) (1,0E+11)
Key
X  surfacg atomic concentration in terms of numbers of atoms (atoms/m?) [surface atomic concentration in tefms
of nunjbers of atoms (atoms/cm?}}
Y  surfacg¢ concentration (g/mé&)[surface concentration (g/cm?)]
1 Li(M36,9) 8 Ti(M=478) 15 Zn(M=654)
2 B(M4H10,8) 9 (Cr(M=52,0) 16 As(M=74,9)
3  Na(MfE23,0) 10 Mn (M =54,9) 17 Sn(M=1187)
4 Mg (M|=24,3) 11 Fe(M=55)9) 18 Ba(M=137,33)
5 Al(Mz270) 12 Co (M =589) 19 Pb(M=207,2)
6 K(M=391) 13 Ni(M=587)
7 Ca(M=401) 14 Cu(M=634)

Figure A.4 — The relationship between the units of surface mass concentration (g/m?2) and
surface atomic concentration in terms of numbers of atoms (atoms/m?2) for typical substances
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Annex B
(informative)

Parameters influencing testing and interpretation of results

Pa

f)
g)
h)

j)
k)

1)

Th

Parameters

rameters influencing testing and interpretation of results include the following:

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 desorption or thermal decomposition during test heating;

failure to continually recalibrate*test equipment or to investigate unusual data excur
spikes);

errors in measuring or-Galculating the sample area.

.2 Considerations

b list in B.1 isnet comprehensive.

fions (test

© IS0 2022 - All rights reserved
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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) substfnce or group of substances found in the outside and inside-air;

f) existdnce of a general chemical, molecular or product-specifie problem;

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

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

i) odouidetection during sampling (precautions should be taken to prevent inhalation);

j) tempdrature, relative humidity and pressure levels during sampling;

k) visualization test or an air cleanlines$ by chemical concentration (ACC) measurement prior to
SCC njeasurement;

1) nanoparticle measurement prior to the SCC measurement;

m) cleaning substance or prodess used;

n) expedted level of the theasurement result;

0) type ¢f measurement instrument needed;

p) pointpfinterestrepresentative of the entire sample;

q) contamination from the outside environment;

r) recontamination 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 grading level;

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

C.2 Considerations

See Annex D for detail on measurement methods.

16
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Annex D
(informative)

Methods for testing surface cleanliness for 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 cannot be ascerftained for
a durface, it is possible at least to obtain a qualitative result. Qualitative results cannot b used for
surface cleanliness by chemical concentration grading level determinationas defined in Clauge 5.

D.1.2 Measurement matrix

Figure D.1 provides a matrix for selecting an appropriate method for measuring surface cleanliness,
che¢mical concentration.

SCC

( Specific substrate )7 ( Specific substrate ) Gepresentativewitness)

Real time Measurement
measurement after exposure
~ 7

Analysis
method
options?

Figure D.1 — Analysis of surface cleanliness, 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.

©1S0 2022 - All rights reserved 17
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f\:
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Key
X surfdce chemical contamination
Y main measurement methods
Z deteftion depth (nm)
P particles
0 organics
M metqls
[ ions)i.e. acids and bases
a TOF{SIMS time of flight-secondary ion'mass spectrometry
b XPS X-ray photo-electron spéctroscopy
o AES Auger electron spectrescopy
d SEM scanning electron'microscopy
e SEMIEDX SEM-energy dispersive X-ray spectroscopy
f SEMIWDX SEM-wavelength dispersive X-ray spectroscopy
g TXRF totalréflection X-ray fluorescence spectroscopy
h TD-GC-MS thermal desorption-gas chromatography/mass spectrometry
i TD-IMS/MS TD-ion mobility spectroscopy/MS
j FTIR Fourier transform infrared spectroscopy
k MIR{FTIR multiple interlayer reflection-FTIR
1 QCM quartz crystal microbalance
m SAW strfaceacousticwave
n VPD-ICP/MS vapour phase decomposition-inductive coupled plasma/MS
0 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 for chemical

co

ncentration

D.2.1 General

:2022(E)

The grade level of surface cleanliness for chemical concentration can be determined as soon as the
chemical contamination has been measured.

As a measurable and quantitative criterion for the evaluation and definition of the surface cleanliness,
the number and type of all agreed adherent chemical substances should be determined.

D.2.2 Requirements of the measurement method

The measurement method is selected according to criteria determined by the surfacé being tested and

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

a) | information regarding chemical characteristics and resistance (e.g. matetial, concentration);

b) | feasible measuring positions (direct, real-time measuring device such as an SAW instrunpent);

c) | feasible measuring positions (indirect, analytical measuring device such as an SEM stub fone);

d) | testing speed and effort involved (i.e. use of random samplingor series testing);

e) | flexibility (i.e. whether the method can be rapidly implemented on various surfaces of different
components);

f) | little or no surface alteration caused by the measurement procedure (i.e. measuremernt surfaces
are not altered as a result of being wetted with\flushing fluids).

Duk to requirements a) to f) in D.2.2, the meastirement methods described in D.2.3 can be categorised

and limited for each of the applications.

D.2.3 Direct or indirect measurement methods

D.2.3.1 Principle

Idgally, surface cleanlines§ for chemical concentration is best assessed when the test surf:
acdessed by the chosen measurement device. In principle, the following methods can be
measure the surface.¢leanliness:

b)

direct methods;

indirectmiethods where a pre-treatment technique may also be introduced.

Diffect methods that do not require sample pre-treatment should generally be given priority.
thdse'methods involve less measurement activity and are also associated with fewer errors, t

m

jce can be
tilized to

Generally,
hus giving

re rnprndnr‘ih]n results than indirect methods However, anpnding on r‘nmpnnnnf an

sampling

feasibility for complex components, indirect methods are often the only possible alternative in order to
determine the chemical cleanliness of a surface.

D.2.3.2 Collection method

Th
iy
2)

e chemical contamination under consideration may be presented in one of three groups:
total product — where the whole contaminated specimen is sent to test;

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

© IS0 2022 - All rights reserved
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3) extracted sample — collected from materials, work tops or equipment, using appropriate physical
tools such as swabs, scalpels or adhesive tapes (for inorganic contamination) of predetermined
contamination level or by solvent extraction.

D.2.3.3 Detachment techniques

“Total product”-type contamination may be collected and analysed as per Figure D.3, using either wet
or dry techniques. Deposition samples may also follow the same procedure, wherein the contaminant
is either displaced by surfactant in a water solution or dissolved by an organic solvent. The resulting
analyte is then fed into the appropriate test system for indirect assessment. Alternatively, if “dry”
assessmelfif is to be made, the material will be cut into appropriately sized pieces and loaded diredtly
into the injstrument.

The third [type - extracted samples - requires the contaminant to be transferred to adhesivetapeq or
SEM stubs that can be directly loaded into the instrument. Low-tack adhesive is used for-this wqrk,
which invplves placing the tape or stub over the surface and making firm contact with the film. The
adhesive pr stub is then placed in a clean, sealed transport pouch for shipment(to the laboratqry.
Non-leachfng cleanroom gloves should be used when taking the sample. Depending on the extractjon
method ufed and the contamination form, either analysis can be carried out-directly by placing the
physical cpllection sample into the analytical instrument, or further preparatioi by chemical or thermal
techniquep will be required.

D.2.4 P4qckaging of test samples

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

a) Prepdration should take place inside the area .of>prigin. The preparer should wear appropripte
cleanfoom clothing.

b) To hapdle samples, a technician should wear.anew pair of washed nitrile-rubber or latex cleanropm
gloveg and use tweezers or vacuum pickup’

c¢) When| a cleaning process has been used, the samples should be allowed to cool and dry befpre
wrapping in clean aluminium foil,

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

e) Cleanfoom-produced polyethylene bags with a fully detailed chemical test certificate should|be
used. [The minimumthiekness of the bags should be 80 um to avoid tearing.

f) The bpg should be-sealed with specified adhesive tape and an identity label should be fixed to the
outside, wordedto prevent the bag from being opened outside a controlled environment.

g) A sedond cleanroom bag should then be placed over the first bag to eliminate particulpte
contamination.

D.2.4.2 Removal from packaging
a) The exterior bag should be removed immediately before entering the controlled test environment.
b) The interior bag should not be removed before arrival in the controlled test environment.

c) Full cleanroom garments, including hood and face mask, should be worn when handling the interior
pack.

d) A new pair of washed nitrile-rubber or latex cleanroom gloves should be worn when examining the
samples.
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D.2.5 Pre-treatment methods

:2022(E)

In situations where a direct measurement technique is not practical, it may be necessary to condition
the sample before measurement using an additional surface refinement technique. See also Figure D.3.

Examples of pre-treatment are:

a)

Field-ion beam (FIB) microscopy — a preparation technique using an ion beam to create a cross-

section in the specimen which is then analysed using a high-resolution microscope,

such as a

scanning electron microscope (SEM), a transmission electron microscope (TEM) or a scanning

transmission electron microscope (STEM).

b)

D.]
Th

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

D.’

Co
chi
Th
of

for
sh

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 analysi$\is carriec
gas chromatography with mass spectrometry;

TD-QMS, using thermal desorption and measuring ion intensity*with a quadru
spectrometer;

TD-API-MS, using a thermally desorbed atmospheric pressure-ionization mass spect

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 contdminant 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
hydrofluoric acid and tested as shgwn in D.2.8.

P.6 Comparative test methods

e following tables are for guidance only and are not intended to be exhaustive or comp

p.7 Direct measurements

mplex methods: &/Y (for example, GC-MS), where X is the main measuring method to bg
omatographic¢iseparation (qualification) and determination (quantification) are the basic
b assessmentis based on the ‘X’ process. ‘Y’ describes the additional functions, for example

‘X’, suthras a chromatogram or the mass spectra of each peak to ascertain qualification, n
Wi

a gaseous
sare:
| out using

bole mass

Fometer;

creating a

ssolved by

vaporized

rehensive.
reatment.

used and
functions.
bensitivity

nass spectrometry for each chromatogram peak to make up quantification. Additional information

ay also be
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Table D.1 — Direct measurement methods and their applications

Acro- Infor- Sensitiv- Depth | Lateral Quan- Typical ap-
Technique nvm Principle mation it resolu- | resolu- | titative lications
y gained y tion tion analysis? P
Method in
which an elec-
tron spectrom- Semi- Character-
Auger eter is used Structure quanti- ization of
electron AES to measure composi- [0,1at% [<10nm |20nm fied with surffalce con-
spectros- the energy . 1+, |taminants;
copy distribution s S e i‘ multilayer
of Auger elec- materials | structdie
trons emitted
from a surface
Surface
analysis of
Method in organic and
which an elec- inorganic
X-ray pho- tron spectrom- materials
to-electrop eter is used or residues
spectros- to measure depth profifl-
copy (also the energy Quantified Semi-quan- |ing for thin}
known as | |XPS (or |distribution of |elemental 01at% |<10nm |10 um tified with |film compo}
electron ESCA) photoelectrons |and oxida- |’ " standard |sition; oxidp
spectros- and Auger tion state materials |thickness
copy for electrons measure-
chemical emitted from ments (Si0},
analysis) a surface irra- Al,03); de-
diated by X-ray termination
photons of functional
polymer
groups
Mass spec- Trace con-
trometry is tamination|of
used to meas- surfaces, tHin
ure the mass- films, mult}-
Secondary to-charge Elemental, Quanti- layer struc
ion mass quotientand( j|simple fied with  |tures and
spectrom- SIMS abundancegof+ |inorganic ppm-ppb |10 nm 30 nm standard |interfaces;
etry secondaryyions |molecules materials |compositioph
emitted from and impurify
sample after measure-
iofrbombard- ments of thiin
ment films
Microanalyf
Time- sis o_f orgar i.c
of-flight Flemrentat Semi-quan- i?a(iti?sxli%aPlc
fgg?:gj;y gl(l)\/ll:s Same as SIMS a?d molec- |ppm-ppb |<5nm <0,2 um ;{cgi?j:\;lc';h gass s?ectra
spectrom- uiar materials irect from
etry ;urfaces;
ion surface
imaging

NOTE 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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Infor-

Depth

Lateral

Quan-

Technique Acro- Principle mation | SEDSIUV-| o olu- | resolu- | titative | LYPicalap-
nym . ity . . . plications
gained tion tion analysis?
Character-
High-power ization of
Scannin microscope micro-struc-
electrong using a fo- Structure tural surface
; SEM cused scanned |and mor- |N/A N/A N/A N/A topography,
microsco- o
electron beam |phology grain size,
Py to produce oxifles and
images cofftamina-
tio
Analytical
capability that
uses a sol- Elemental;
Enler- id-state cooled |may be
gyldisper- detector sys- |combined Eletental mi-
siye X-ray |SEM EDX |tem to detect |withimag- [0,1 % =1lum |=Tpm |yes .
) cropnalysis
spgctros- and measure |ing tools
copy X-ray pulses (SEM, TEM,
emitted during |STEM)
SEM interac-
tion
X-ray spec- Qualitative
trometer elemental
measuring screening
Tokal energy dis- of ynknown
. tribution of . sanmiples, me-
reflection Quanti-
X-fay flu- fluorescent Quantified fied with talllic surface
TXRF X-rays emitted 10 ppb 1 nm 1 mm conftami-
orgscence elemental standard
from surface : natjon on
spgctros- . ; materials :
irradiated by senpiconduc-
copy ;
primary X-rays torwafers,
under condi- composition
tion of total ra;]os of bina-
reflection ry thin films
Identification
of molecular
Measurement strficture
for infrared orgpanic
Foprier absorption Chemical compounds,
trgnsform spectrain bond- 1E-19 01- 10— Quanti- filnps, parti-
infrared {FTIR which a spec- |ingand carbon 2'5 m 100 um fied with  |cleg, powders
spgctros- trometer is molecular [atoms/m?2|~’ " " standards |liqyids; quan-
copy used to meas- |structure tifigation of
ure the infra- 0 ahd Hin Si

waters; quan-
tification of H
in SiN wafers

NOTE 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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Table D.1 (continued)
. Acro- o Infor- | ¢ itiv-| Depth | Lateral | Quan- Typical ap-
Technique Principle mation - resolu- | resolu- | titative .
nym . ity . . . plications
gained tion tion analysis?
Optically
modified ver-
sion of FTIR;
low-angle
Multiple 1r101ld_enthlR 'S Less than imil
internal TMHR-FF— Dutlretect 1E-18 Similar to
. ed between As above As above |Asabove |Asabove |above on
reflection| |IR ) carbon
infrared trans- 2 surfacés
FTIR . atoms/m
parent prism
and substrate
surface to
enhance detec-
tion activity
Device in
which pie- Vibration
zoelectric frequency |Thin film
quartz crystals is com- deposits
Quartz respond to the |Molecular ng/cm?- pared with | of gaseous
crystal mit |QCM condensation |flux meas- ng N/A IN/A reference |contaminants
crobalancg of gasses by urement materials |onto quarts
reducing op- of known |detector
erating Hz in a concentra- |surface
linear mass-to- tion
Hz relationship
Acoustic
wave is Thin film
Surface co_mpared deposits
acoustic Molecular 0,01 ng/ with of gaseous
SAW Item as above |flux meas~f~" ", 5 N/A N/A reference |contaminants
wave de- cm?-Hz .
tector urement materials |onto a detef-
of known |tor substrafe
concentra- |surface
tion
Atomic Shape and Visual imad-
force mi- | |AFM molecule in §
croscope size &
Measuring
Xopay wave-
length of
elements of
: Element
atomic number | ;. 7 .
I distribu-
of lithium .
Wave- ; tion can be
during SEM ;
length _ combined
. . SEM- Interaction; . Visual imag-
dispersive . with .
WDX measuring . . ing
X-ray spec- imaging
X-ray wave-
troscopy lenoth ele- tools (e.g.
merglts > atomic SEM, TEM,
STEM)
number of
lithium during
SEM interac-
tion

NOTE Resolution and sensitivity are interdependent parameters. Resolution is related to the concentration on the sample.
Sensitivity can be influenced by optimizing the sample area.

24

© IS0 2022 - All rights reserved



https://standardsiso.com/api/?name=9e73530ebf971488e513a157b051a099

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Testing and grading surface chemical levels 
	4.1 Principles for testing the surface chemical contamination levels of clean surfaces in cleanrooms and controlled environments 
	4.2 ISO SCC descriptor format 
	4.3 ISO-SCC grade level 
	4.4 Converter for substances into surface atomic concentration 

	5 Measuring the cleanliness of surfaces for chemical contamination and demonstration of grade level compliance 
	5.1 Criteria for good cleanliness assessment 
	5.2 Documentation and reporting 
	5.2.1 Principle 
	5.2.2 Testing 
	5.2.3 Test report 


	Annex A (informative) Conversion between different unit expressions of surface concentration for chemical substances 
	Annex B (informative) Parameters influencing testing and interpretation of results 
	Annex C (informative) Essential considerations for a good cleanliness assessment 
	Annex D (informative) Methods for testing surface cleanliness for chemical concentration 
	Annex E (informative) Test record documentation 
	Bibliography 

