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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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Introduction

:2018(E)

Cleanrooms and associated controlled environments provide 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,
pharmaceuticals, medical devices, healthcare and food.

The normative requirements in the first editions of ISO 14644-1 and ISO 14644-3 were limited to
classification of particles greater than 100 nm. However, informative material was included in both
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cuments for airhorne particles smaller than 100 nm. At the time these documents wer

written;

‘ticles smaller than 100 nm were called ultrafine particles rather than the more te
hoparticles.

the second editions of ISO 14644-1 and ISO 14644-31), sections on ultrafine, particles
hoved and these are incorporated, in modified form, in this document. Supporting inforn
p been drawn from documents developed elsewhere, for example by ISO/TC 229, Nanotech

hotechnology typically deals with material in the size range of appreximately 1 nm t
part of the long-term trend of manufacturing products with ever §maller feature size t
formance, many industries utilizing cleanrooms (such as micro€lectronics and those
11th) now have products in the nanoscale.

pduct emissions from industrial process or additionally as/haturally occurring particles. A
h a nanotechnology-based process can contain nanoscale particles from all three sources

hoparticles or ultrafine particles differ from subimicron and macro-particles in origin
pperties and transport behaviour. Most sub-micren and macro particles in cleanrooms can
human activity. Nanoparticles are generatediby electrostatic discharge, chemical react

fent term,
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b 100 nm.
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hoparticles are man-made. Other particles in the nanoscale'size range can originate as incidental by-

fleanroom
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oxidation, and gas phase nucleation. Material properties of nanoparticles are expecte

nanoparticles is dominated by air/flow, just like sub-micron particles. However, d
noparticles and mobility in electricalfields increases rapidly with decreasing size. As a cor
hoparticles have higher coagulation rates in the air and deposition rates on surfaces §
n larger sized particles. Therefore, it is not expected that the classification curves as de
14644-1 can be simply extrapolated to smaller particles than the stated lower limit.

ra Low ParticulateAir (ULPA) filters remove nanoparticles with high efficiency, j
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Cleanrooms and associated controlled environments —

Part 12:
Specifications for monitoring air cleanliness by nanoscale
particle concentration
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Scope

s document covers the monitoring of air cleanliness by particles in terms ef concern
borne nanoscale particles.

monitoring purposes, only populations of particles with a lower size limit of 0.1 microns
ess - “nanoscale” - are considered.

e monitoring given in this document is for use mainly in “operational” states.

ects having one (nanoplate), two (nanofibre) or three (nanoparticle) dimensions in the nanoscale.
TE2 As a consequence, the specifications for monitoring air cleanliness by nanosca
centration of the cleanroom in operational state also eonsiders process specifics, e.g., used
sonnel behaviour, etc.

TE 3  Health and safety considerations are excluded from this document.

Normative references

bre are no normative referencesdn this document.

Terms and definitions
the purposes of thigdocument, the following terms and definitions apply.
and I[EC maintaimterminological databases for use in standardization at the following ad

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

[EC Electropedia: available at https://www.electropedia.org/

tration of

(100 nm)

TE 1  For the purposes of this document, reference is made to “hanoscale particles”, which means all nano-

e particle
Pquipment,

Hresses:

3.1

General

3.1.1

cleanroom
room within which the number concentration of airborne particles is controlled and classified, and
which is designed, constructed and operated in a manner to control the introduction, generation and
retention of particles inside the room

Note 1 to entry: The class of airborne particle concentration is specified.

Note 2 to entry: Levels of other cleanliness attributes such as chemical, viable or nanoscale (3.2.1) concentrations
in the air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might
also be specified and controlled.

© ISO 2018 - All rights reserved
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Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,
humidity, pressure, vibration and electrostatic.

[SOURCE: ISO 14644-1:2015, 3.1.1]

3.1.2

clean zone

defined space within which the number concentration of airborne particles is controlled and classified,
and which is constructed and operated in a manner to control the introduction, generation and retention
of contaminants inside the space

Note 1 to eptry: The class of airborne particle concentration is specified.

Note 2 to eptry: Levels of other cleanliness attributes such as chemical, viable or nanoscale (3.2.1) concentratipns
in the air, dnd also surface cleanliness in terms of particle, nanoscale, chemical and viable concentratiohs might
also be spefified and controlled.

Note 3 to ¢ntry: A clean zone(s) can be a defined space within a cleanroom (3.1.1) or mightbe achieved hy a
separativejdevice. Such a device can be located inside or outside a cleanroom.

Note 4 to pntry: Other relevant physical parameters might also be controlled as fequired, e.g. temperatyre,
humidity, gressure, vibration and electrostatic.

[SOURCE:[ISO 14644-1:2015, 3.1.2]

3.2 Siz¢

3.21
nanoscale¢
length rarge approximately from 1 nm to 100 nm

Note 1 to ¢ntry: Properties that are not extrapolations-from a larger size are predominantly exhibited in this
length range.

[SOURCE:[ISO/TS 80004-2:2015, 2.1]

3.2.2
particle sfize cutoff
Dso
particle sifze at which the counting-efficiency is 50 %

Note 1 to eptry: See Annex B for anh explanation of counting efficiency.

3.3 Airborne particles

3.31
nanoparticle
nano-obje¢t((3.2.2) with all external dimensions in the nanoscale (3.2.1) where the lengths of the longest

dth £ 4 £l 1 P | £ 00 H 163 ]
an e S UI'tTOoU dATOS Ul U1IT 114aI1lv UUJCLL UU TIUL UITITT alsuuu.auu_y

Note 1 to entry: If the dimensions differ significantly (typically by more than 3 times), terms such as nanofibre or
nanoplate may be preferred to the term nanoparticle

[SOURCE: ISO/TS 80004-2:2015, 4.4]

3.3.2
particle size distribution
cumulative distribution of particle concentration as a function of particle size

[SOURCE: ISO 14644-1:2015, 3.2.4]
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3.3.3
aerosol
system of solid or liquid particles suspended in gas

[SOURCE: ISO 15900:20009, 2.1]

3.4 Occupancy states

3.4.1
operational

:2018(E)

ag
m3

[S(

3.1
3.5

eed condition witere the cleanroont (3-1-1)or citearmr zome {3-1-2) s furnctiommng im tir
nner, with equipment operating and with the specified number of personnel present

URCE: ISO 14644-1:2015, 3.3.3]

) Measuring apparatus

A

co
CP

indtrument that measures the particle number concentration of an‘gerosol (3.3.3)

Note 1 to entry: The sizes of particles detected are usually smallerthan several hundred nanometreg
than a few nanometres.

No
No

[SC

3.5.
coninting efficiency

rat
pa

[SC

4

4.1

Fo1

4.3

densation particle counter

e 2 to entry: A CPC is one possible detector for use with a DEMC.

e 3 to entry: In some cases, a condensation particle coufiter may be called a condensation nucleus coy
URCE: ISO 15900:2009, 2.5]
2

io of the reported concentration of\particles in a given size range to the actual concentrati
‘ticles

URCE: ISO 14644-3:2005,3:6:5]

Monitoring

General

. _Principle

specified

and larger

nter (CNC).

on of such

measur€ment purposes, the only important particle characteristic is its “equivalent diamjeter”.

The monitoring limits and requirements specified by the customer are verified by performing
specified testing procedures and by providing documentation of the results and conditions of testing,
as agreed upon by the customer and the supplier. See ISO 14644-2:2015, Annex A which specifies the
requirements of a monitoring plan based on the risk assessment of the intended use. The data obtained
provide evidence of cleanroom performance related to the nano-particle concentration.

4.3 Methods

For the purposes of monitoring, airborne nanoscale particle counting can be carried out most effectively
by CPC. The reference test method for CPC monitoring is given in Annex A. The method for performing
the monitoring of air cleanliness by nanoscale particle concentration should give a systematic plan, well-
defined procedure and identify how the assessment should be performed. In general, the establishment
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of alert and action limits is based on a risk assessment. If there is a requirement for buyer and seller, the
limits may be established per agreement.

Criteria for determining the counting method shall include:

— nanoscale particle size to be measured;

— time dependence of sampling and analysis;

— sample volume;

— locati
— numb

—  criticd

£ 1.
D11 Ul Ddlll})lllls,
er of samples;

ity of process/product;

— design/layout of clean zone.

Alternativ
measuren|
be used.

Tests perf

5 Test

The result
The data
levels, and

The testr
a) theng
b) arefe

c) a cled
adjacg

d) the sj

e methods and/or instrumentation, having at least comparable performance to (
lent may be specified. If no alternative is specified or agreed upon, thereference method sh

brmed to demonstrate compliance shall be conducted using calibrated instruments.

report

summary should include a review of the monitoring data for adverse trends, operatio
any investigational requirements consistentwith the monitoring plan specified in 4.2.

eport shall include:

rence to this document, i.e. ISO 14644-12;

r identification of the physical location of the clean zone tested (including reference
nt areas if necessary), and-specific designations for coordinates of all sampling locations;

pecified designation'criteria for the clean zone, the relevant occupancy state(s), and

considlered particle size(s);

e) detail
the te

1) id

5 of the test mmethod used, with any special conditions relating to the test, or departures fr
5t method, and identification of the test instrument and its current calibration:

entification of the CPC and particle size cutoff device, if used, and the calibration status;

2) lo

me and address of the testing organization, and the date on which the test was performed;

PC
all

s from testing each clean zone shall be recorded and submitted as a comprehensive repg¢rt.

hal

U

to

the

wey particle size limit for the nanoscale particle concentration being reported ;

3) zero count rate for the CPC, when used;

4) particle size cutoff device performance data, as required;

5) type of measurement: nanoscale particle concentration measurement or monitoring;

6) nanoscale particle measurement system inlet and sensing volume flow rates;

f) the testresults, including particle concentration data for all sampling locations.
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Annex A
(informative)

:2018(E)

Reference method for monitoring by condensation particle

counting

A (
gre

A7

Th
wi
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A

Th
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Th

.1 Principle

ater than the specified sizes, at designated sampling locations.

.2 Apparatus requirements

P.1 CPC instrument

e instrument shall have a means of displaying or recording the count of airborne nanoscal
bropriate particle size ranges for the class under consideration.

.2 Condensation particle counter (CPC)

e instrument counts all droplets formed by condensation of supersaturated vapour on samj
'ticles. Cumulative particle concentrations argproduced for particles larger than or equal td
b limit of the CPC. Example specifications for the condensation particle counter are given in

Table A.1 — Specifications for condensation particle counter

e specifications of any instrument shalkbe provided by the vendor and accepted by the uset.

PC instrument is used to determine the concentration of airborne nanoscale particles, equal to and

b particles

h a size discrimination capability to detect the total<nahoscale particle concentratjon in the

bled nuclei
the lower
Table A.1.

Item Specification

Ugper concentration limit >3,5 x 108/m3

Palrticle size cutoff (Dsg) Application specific, e.g. D59 = 0,01 pm
Adcuracy of count meastirement +10 % at below the upper concentration limit
Aphbient conditions¥er stability of reading Temp. range: 10 °C to 35 °C

Relative Hum.: 0 to 90 % non-condensing

Ambient pressure: 75 kPa to 105 kPa (0,75 atm/{to
1,1 atm.)
Flpw-rate stability +10 % of specified flow at T/RH/P (temperaturg/ relative
hnmidifvl/prpccnrp)fhnf tests will be conducte
Calibration interval 12 months maximum

False count error

False counts shall be less than a 1/3 of the maximum
permitted concentration as agreed by customer

Co

unting efficiency 50 % * 10 % at the lower size limit, and >85 % at 5x the
lower size limit, and <25 % at 0,5x the lower size limit
(see Figure B.1) using sucrose or silver nanoparticles

A.2.3 Instrument calibration

The instrument shall have a valid calibration certificate; the frequency and method of calibration
should be based on current accepted practice (see ISO 27891).
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A.3 Particle counting efficiency and particle size cut-off

For a discussion of particle counting efficiency and particle size cut-off, please refer to Annex B.

A.4 Pretest conditions

A.4.1 Preparation for testing

Prior to testing, verify that all aspects of the clean zone or the associated controlled environment

that cont

bhuta o dtc dntagritygy v copanlatn A d o sttt g 1 acnnrdanosn uath dtc o anfora o
W

specificat

TOTTC—tO—TCo—IIIte 5T IC o C COTpPIo T T O I C oot g i acCoTraotT Tty OIS

on. Such verification methods are referenced in ISO 14644-3, and include, for example;/d

on the following:

a) airfloyw tests (e.g. air volume, air velocity, or uniformity of unidirectional airflow);
b) air prgssure differential test;
c) contajnment leak test;

d) installed filter system leakage test.

A.4.2 Pretest equipment setup

Perform e

quipment setup in accordance with the manufacturer’s instructions. Verify flow rate and z

count of the CPC meet specifications in Table A.1 prior to any cleanliness classification test.

A.5 Sampling

A.5.1 Egdtablishment of sampling locations

The samp

ing location(s) shall be agreed uponbetween customer and supplier.

A.5.2 Sdmpling procedure for CPC

A.5.2.1
in compli

procedure should be approprjately trained in the use of the instrumentation.

A.5.2.2 Position the sampling probe pointing into the airflow. If the direction of the airflow be
sampled i§ not controlled-or predictable (e.g., non-unidirectional airflow), the inlet of the sampling pr

shall be di

A.5.2.3 1
air detern

rected vertically upward.

ce
hta

240)

$et up the particle counten*(A.2) in accordance with the manufacturer’s instructions gnd
ince with the manufacturer’s acceptable operating conditions. Personnel carrying out this

ing
bbe

f nécéssary, allow stable conditions to be established before sampling. Sample the volumg of
ined in A.4.2, as a minimum, at each sampling location. Select tubing that is known to transpjort

charged particles effectively and minimize tubing length.

A.5.3.4 If, during testing at multiple locations, an unusually high result is found at a particular location
in the single sample volume, further testing may be undertaken at the location to investigate the problem
and determine if the location meets user requirements. Where information on stability of nanoscale
particle concentration is required, make three or more measurements at selected locations at time
intervals, as agreed upon between customer and supplier.
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A.6 Recording of results: Average concentration of particles at each sampling
location

A.6.1 Record the result of each sample measurement as the number of particles in each single sample
volume at each of the considered particle size(s) appropriate to the relevant user specifications.

A.6.2 When two or more single sample volumes are taken at a location, calculate and record the
average number of particles per location at each considered particle size from the individual sample
particle concentrations (A.6.1), according to Formula (A.1).

Xi =[Xi,1 + Xi2 + ....Xin] / n (A1)
where
Xj is the average number of particles at location i, representing anyslocation;

Xi,1 toxi, are the number of particles in individual samples;

n is the number of samples taken at location i.

A..3 Calculate the concentration, Cj, per m3 using Formula (A2).
Ci=xix1000/V; (A.2)

whlere

xi isthe average number of particles at laeation i, representing each location;

Vi is the adopted single sample volume in litres.

A.} Interpretation of results — requirements

The clean zone is deemed tothave met the specified monitoring requirements if the averpge of the
particle concentrations expressed as number of particles per m3 measured at each of thg sampling
lodations does not exceed, the concentration limits as established by the user or by agreement of buyer
andl seller.

© ISO 2018 - All rights reserved 7
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Annex B
(informative)

Particle counting efficiency and particle size cutoff

B.1 Coymtingefficiency

Counting gfficiency of a condensation particle counter is affected mainly by particle size and(te some
extent by particle composition. In rare circumstances, the composition can cause the counting efficiepcy
to decreage for very hydrophobic materials, when water is the condensing fluid.

The counfing efficiency of the system used to measure nanoscale particle concentration should

within thgq shaded envelope region shown in Figure B.1. This region of acceptable performance cent
on a counffing efficiency of 50 % at the defined nanoscale particle size (Dsg). X isthe'ratio of D divided
Dso (D/ Dqo). The region includes a tolerance band of #10 % of the normalized:nanoscale particle sizg

shown as
for partic
at X =75, th
at <25 %.

If the CPC
CPC shoul
the left of
size cutof
the produ
particle si

=1,1and X=0,9 in Figure B.1. The acceptable minimum and maximum counting efficiend
es above and below the £10 % normalized size tolerance band_are shown, and indicate t
e counting efficiency should be at least 85 %, and at X = 0,5-the counting efficiency should
Che counting efficiency should be performed with sucrose of silver as the particle standar

has a counting efficiency curve that falls to the right.efthe shaded envelope of Figure B.1,
d not be used to measure or verify the nanoscale particle concentration. If the curve fallg
the shaded envelope, the counting efficiency cattbe decreased by modifying it with a part

device as described in B.2. In this case, the counting efficiency of the modified CPC becon
ct of the counting efficiency of the unmaodified CPC and the fractional penetration of
ze cutoff device.

Fall
res
by
, X,
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hat
be
d.

Lhe
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