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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

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

ISO 14644-1:2015 considers airborne particles in cleanrooms and classifies cleanroom cleanliness
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o cleanroom surfaces and is based on VCCN Guideline 9[3]. The particle deposition rate is.i
the probability of contamination by airborne particles onto contamination sensitive;
faces, such as manufactured products, is directly related to the particle deposition‘rate.

14644-3:2019 gives an overview of methods for the determination of deposition of partiq
equal to 0,1 pm. In this document, the focus is on the rate that macropatticles larger
posit on surfaces, and the application of this information to controlling contamination in cl

ious sizes of particles are generated in cleanrooms by personnel, machinery, tools, and
I distributed by air moving about the cleanroom. Accordingtg)ISO 14644-1, cleanr
trolled environments with a particle class of the ISO 5 series,-0r cleaner, contain zero o

'ticles in the size range of 5 um to 500 pm, and greater, ar€ found on surfaces than suggeg
ssification limits of the size of particles given in ISO 14644-1. The main reason for this
pest particles in the range of sizes of macroparticles dare not counted by particle countey
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Heposition losses in sampling tubes, and at the entry to and within particle counters. Al
e reason, only a proportion of the smaller particlesin the range of sizes is measured. In m

e onto surfaces.

‘ticles smaller than 5 um are most likely to be removed from the cleanroom air by the ¥
tem but, for particles above 10 pimymore than 50 % is removed from the air by surface d
bve 40 um, more than 90 % is deposited (see Reference [6]). The dominant deposition meq
5 size of particles has been.shewn to be gravitational but air turbulence and electrostatic

I cleaning actions, but not by air velocities associated with the cleanroom air. It is impqg
se particles are removed by cleaning.

b presence and‘redistribution of particles >5 pm in cleanrooms is mostly related to
chanical actiyity. In a cleanroom "at rest", there is likely to be little activity and dis
'ticles, and‘the concentration of particles larger than 5 um is close to zero with no significa
positioni“Therefore, it is only in the "operational” occupancy state that the particle depo
uld beeonsidered.
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e particle deposition rate is an attribute of a cleanroom or clean zone that determines the

of deposition of airborne particles onto cleanroom surfaces, such as product or process area. Using a
risk assessment, the acceptable amount of contamination of a vulnerable surface can be defined, and
the particle deposition rate can then be obtained that ensures that this amount of contamination is not
exceeded.

Methods of measuring the particle deposition rate in a cleanroom or clean zone are given in this
document. These are used during the operation of the cleanroom to ensure that the required particle
deposition rate is obtained, and for monitoring the cleanroom and clean zones to demonstrate
continuous control of airborne contamination. Monitoring the particle deposition rate also enables
PDR peaks to be correlated with activities so as to detect sources of contamination, and indicate what
changes are required to working procedures to reduce the contamination risk.
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The particle deposition rate is the rate of deposition of particles onto surfaces over time, and can be
calculated as the change of particle surface concentration per m? during the time of exposure in hours
and can be expressed as Formula (1):

c, —C.
f i
Fp= tD —t, . @
f

1

where

Rp isthe deposition rate of particles equal to. or larger than D (jum) per m? per hour;

C ¥ is the final particle surface concentration (number per m?) for particles equal to and larger
P [than D (um);

C. is the initial particle surface concentration (number per m2) for particles equal to and larger
than D (um);

te is the final time of exposure (h);
is the initial time of exposure (h).

If the particle deposition rate is determined on, or in close proximity tofa'vulnerable surface, such as
product, then an estimate of the deposition of airborne particles onto{the surface can be obtained|by

applying Hormula (2):

Ny =|Ry-t-a (2)
where

Np number of deposited particles larger than or equal to particle size D (um);

t is the time the surface is exposed ta-particle deposition (h);

a is the surface area exposed to airborne contamination (m2).

Some indystries use cleanrooms to manufacture optical instruments and components, such as mirrgrs,
lenses, anf solar panels used in derospace. The quality of these products is related to the amoung of
light absofbed or reflected by particles on the surface. Therefore, this document also considers particle
obscuratign rate of test surfaees exposed in cleanrooms in Annex C. Using the particle deposition rpte
of variouq particle sizes, the particle obscuration rate of airborne particles depositing onto a surface
and obsculring light can-be’/calculated and used in a similar way to the particle deposition rate to redyice
the risk ofl surface contamination.
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particle deposition rate on one or more vulnerable surfaces in a cleanroom as part of'a cont
comtrol programme. It provides some instructions on how to influence the particle depositio

Scope

s document gives direction on the interpretation and application of the results of fhe'me:

uce the risk of particle contamination on vulnerable surfaces.

s document gives information on how a cleanroom user can use the particle depoq
asurements to determine limits that can be set for macroparticles on vulnerable surfag
es a risk assessment method by which an acceptable risk of deposition of particles onto Y
faces in a cleanroom can be established and, when this is not achieved, methods that can
uce the particle deposition rate.

alternative to the particle deposition rate is the particle’ebscuration rate which determin
ncrease of coverage of particles onto an area of surface.over time. The particle obscuratig
used in an analogous way to the particle deposition rate and the required particle obscuf
a specified surface can be calculated and the risk'from deposited particles reduced.

s document does not:

provide a method to classify a cleanroom with respect to particle deposition rate d
obscuration rate;

directly consider the deposition of microbe-carrying particles, although they can be
particles;

give any consideration-to/surface deposition by contact as, for example, when personn
product and contamination is transferred.

Normativereferences

e following documents are referred to in the text in such a way that some or all of the

Hated-references, the latest edition of the referenced document (including any amendment

14644-3:2019, Cleanrooms and associated controlled environments — Part 3: Test methods

isurement
hmination
In rate and

ition rate
es. It also
rulnerable
be used to

bs the rate
n rate can
ation rate
r particle

freated as

el touch a

ir content
pplies. For
5) applies.

3

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

IEC Electropedia: available at http://www.electropedia.org/
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3.1

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 concentrations in the
air, and also surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations might also be
specified and controlled.

entry: Other relevant physical parameters might also be controlled as required, e.g. temperat\llre,

Note 3 to

humidity, gressure, vibration and electrostatic.

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

3.2

clean zone

defined sgace within which the number concentration of airborne particles is controlled and classified,

and which is constructed and operated in a manner to control the intgeduction, generation, 3

retention
Note1toe

Note2toe
air, and als
specified a

Note 3 to
separative

Note 4 to
humidity, g

[SOURCE:
3.3

bf contaminants inside the space

htry: The class of airborne particle concentration is specified.

htry: Levels of other cleanliness attributes such as chemical, viable or nanoscale concentrations in
b surface cleanliness in terms of particle, nanoscale, chemical*and viable concentrations might alsd
hd controlled.

entry: A clean zone(s) can be a defined space within a cleanroom (3.1) or might be achieved b
device. Such a device can be located inside or outside a cleanroom.

ressure, vibration and electrostatic.

[SO 14644-1:2015, 3.1.2]

critical particle size

smallest p

3.4
critical lo
location W

3.5
operatior

article size (3.7) that negatively impacts on product or process quality

cation
here a vulnerghblé surface (3.12) is exposed to particle contamination

al

agreed co

nd

the
be

y a

bntry: Other relevant physical parameters-might also be controlled as required, e.g. temperatire,

hdition where the cleanroom (3.1) or clean zone (3.2) is functioning in the specified manpger,

with equi]I)ment operating and with the specified number of personnel present

[SOURCE:

3.6
particle

ISO 14644-1:2015, 3.3.3]

minute piece of matter with defined physical boundaries

[SOURCE:

ISO 14644-1:2015, 3.2.1]
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3.7

particle size

diameter of a sphere or the diameter of a sphere (circle) that encompasses a non-spherical particle, or
an equivalent diameter

Note 1 to entry: The definition should be stated in relation to the measurement method.

Note 2 to entry: In ISO 14644-1, light scattering based detection is used. Other measurement methods yield
different size definitions (see A.1).

3.8

particle deposition rate

om the air

e air in a

deposition

he witness

4 Symbols

a product area in m?

A area of the silhouette of the observed particles (mm?2)

Cp particle concentration in number of particles =D um per m?2
D particle size in micrometres

© IS0 2021 - All rights reserved 3
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F particle obscuration rate
L particle deposition rate level
Np number of particles 2D pum deposited onto a surface

efficiency of detection method

0 particle obscuration factor (in mm?2-m-2)
RD p;\rfir‘]p dppncih'nn rate in number of pnrfir‘]pc 2D ym per m2-h
t time of exposure

5 Particle deposition rate methodology

5.1 General

Particle deposition rate data obtained in a cleanroom can be used to establish the probability

of

airborne particles depositing onto a vulnerable surface during exposure and provide a methodology

that supparts the required quality of a cleanroom during operation. The information in 5.2 and 5.3 gi
a method that can be used to establish the correct particle depositiofirrate cleanliness conditions i

yes
[ a

cleanroonp and associated controlled environments. This information.is used to demonstrate continjyed

control ofthese cleanliness conditions. ISO 14644-2 shall be considered as a guide for the developm
and applidation of a monitoring plan.

5.2 Establishing the particle deposition rate required for control of particle depositig
on vulnefrable surfaces

Establishihg control of macroparticles in the controlled environment through use of the part
deposition} rate is required when a new facility is designed, or when cleanliness requirements

changed ih existing facilities. An assessment.shall be made of the product attributes and the proc
activities [performed in the cleanroom. Based on this assessment, the required degree of contro
particle cgntamination shall be established using the following steps.

1) The syrfaces in the cleanroomorassociated controlled environments that are vulnerable to part
depodition shall be identified: This can be done by considering the manufacturing carried ouf
the cleanroom, the statts)of the technical installations, production equipment, and operatio
procefures.

2) The sallest partiele size that impacts on product or production quality on each vulnerable surf
(critidal particle\size) shall be determined.

NOTE Differences in particle type (metallic vs non-metallic, transparent vs opaque, microbial vs n
microbial) ean lead to a particle-specific approach.

ent

n

cle
hre
PSS
of

cle
in
hal

HCe

3) The maximum number of particles of the critical size that contaminates each vulnerable surface

considered shall be determined.

4) Knowing the maximum number of particles of a critical size that is acceptable on each surface, the

particle deposition rate or particle deposition rate level (see Table 1) at the critical particle s
shall be determined.

ize

5) The critical surface with the tightest requirements on particle deposition rate and particle

deposition rate level will determine the particle deposition rate and particle deposition rate le
for the critical area.

vel

6) After the maximum particle deposition rate or particle deposition rate level requirements are
defined for the critical area, the measurement method shall be chosen and put into operation. The

4 © IS0 2021 - All rights reserved
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method can be selected based on sensitivity, required measurement frequency, and other factors
such as ease of use. ISO 14644-3 can be consulted for information on measurement methods.

NOTE 2  Examples of the method described above are given in Annex E.

5.3 Particle deposition rate for demonstrating control of particle contamination

Demonstrating control of the particle deposition rate in a cleanroom over time is important to ensure
that the quality of the facility remains constant. It is necessary to demonstrate control of the particle
deposition rate by demonstrating that the required particle deposition rate limits are still achieved.

Mgmitoring strattbecarriedout where the most vulerabte surfacesare focated; oratatocation that is
in ¢lose proximity and representative of the location of the vulnerable surface.

The required frequency of monitoring shall be determined by the criticality of the product being
mgnufactured and the measuring equipment available (see Clause 6).

Failure to achieve the required particle deposition rate limit may require an investigation to upderstand
th¢ cause of the failure. Depending on the failure cause, improvements{to’ working, clegning, and
mdintenance procedures may be required. If needed, changes in manufacturing equipment, or
clepnroom design and ventilation can be implemented. Methods pf\reducing the risk of airborne
comtamination are discussed in Annex E.

6 | Measurement of particle deposition rate

The method for measuring the particle deposition rates'based on the collection of partidles onto a
tegt surface of a known surface area over a known time period. The particle deposition rgte is then
calculated by using Formula (1).

Th
during the manufacturing carried out in the-cleanroom. If required, the particle deposition 1

The methods for collecting airberne particles onto a surface, sizing and counting these part
belchosen with reference to IS0 14644-3. Additional information is available in ASTM E2088

particle deposition rate shall be measured on, or in close proximity to, a vulnerable surface

Ate can be
hether the
leposition

cles, shall
ASTM 25

anfl ASTM F50. When choo0sing the counting and sizing apparatus, consideration shall be given to the

detection of particles in the relevant size range. The area of the test surface also needs con
pafticularly if the particle deposition rate is to be measured within a restricted time.

The witness plate, or measuring instrument, shall be placed in the same plane, and as close 3
to fthe vulnerable surface. The test surface shall be at the same electrical potential. Particley
onfthe test surface are counted and sized to obtain reproducible data and are used to obtain t}
depositionrate adjacent to the vulnerable surface being investigated.

ideration,

s possible
collected
ne particle

activities.

Be aware that measurement equipment and witness plates can interfere with process

Sampling shall only be carried out during manufacturing when the product or process is exposed to
airborne contamination. The minimum expected count for the largest critical particle size under
consideration shall not be less than 1, but desirably 5. If insufficient particles have been counted, the
time for measuring the particle deposition rate during the manufacturing of products or process shall
be extended to obtain a higher number of particles. It can be necessary to measure more than one
manufacturing period. A method of calculating the sample time is given in A.3.3. If a suitable sample is
not feasible, alternative measurement techniques shall be considered.
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7 Particle deposition rate level

For a defined range of particle sizes, the particle deposition rate can be expressed as a particle
deposition rate level, L. The particle deposition rate level expresses the particle deposition rate over
a range of particle sizes, in a similar way to that used in ISO 14644-9 to expresses surface particle
concentration. This allows the concentration of particles at one size to be converted to a concentration
at another size, and it can be used, for example, when the particle deposition rate is measured at one
particle size but the critical particle size is different.

The particle deposition rate level is obtained using typical size distributions found in cleanroom that
show the ps e-depositienrateisin-directpropertionte-the-ectmtlative particle-sizeA+typiealsize
distributin is shown later in Figure B.3. The particle deposition rate levels are calculated by means of
Formula 3] by assuming a linear distribution and a reference particle size of 10um.

Table 1 giyes examples of L over a range of different cleanliness levels in orders of.magnitude.

Table 1 — Particle deposition rate levels in orders of magnitude

Particle glep- Number of particles per m?2 per hour
osition rjate
level 25 pm 210 pm 220 pm 250 pm 2100 pm 2200 pm 2500 prp

1 2,0 1,0 0,5 0,2 0,1 0,05 0,02
10 20 10 5 2 1 0,5 0,2
100 200 100 50 20 10 5 2
1000 2000 1000 500 200 100 50 20
10 000 20 000 10 000 5000 2000 1000 500 200
100 000 200 000 100 000 50 000 20000 10 000 5000 2000
1000 000 2000000 (1000000 (500000 200 000 100 000 50000 20000

If the parficle deposition rate for different size of particles at intermediate levels of L is requirfed,

Formula () can be used:

10L
Ry ="— 4

D= (4)
If the particle deposition Kate is required for another particle size at the same PDRL, Formula (5) ¢an
be used:

Ry =Rp, -D—O (5)
N
where
RDo is the original particle deposition rate at particle size D;
RDN is the new particle deposition rate at particle size Dy;
Do is the original cumulative particle size (um);
Dy is the new cumulative particle size (um).

The particle deposition rate level depends on the rate of airborne dispersion of particles from sources of
contamination, and the particle removal efficiency of the ventilation system. The PDRL can be reduced
by removing or reducing particle sources and/or by improving the removal efficiency of the ventilation
system. However, the removal efficiency reduces for increasing particle size (see Reference [6]).

6 © IS0 2021 - All rights reserved
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To establish and maintain control of the particle contamination by surface deposition required for
vulnerable surfaces, it is necessary to set particle deposition rate limits that shall not be exceeded.
The particle deposition rate limit depends on the acceptable surface contamination, which can be
determined by a risk assessment, the vulnerable surface area, the critical particle size and the expected
time of exposure (see A.3.3 for an example).

8

Documentation

By agreement between customer and supplier, the following information and data shall be recorded:

a)

b)

‘)
d)

e)

f)

name and address of the testing organization, and the date on which the measure
performed;

type of measurements and measuring conditions;
areference to this document (i.e. ISO 14644-17);

clear identification of the physical location of the cleanroom or clean zone tested
reference to adjacent areas if necessary), and coordinates of all sampling locations;

specified designation criteria of the cleanroom or clean,zene, including the ISQ
classification, and the relevant activities in the occupied state;

details of the measurement instrument used to determine the particle deposition rate
the identification of the measurement instrument, information on its current calibration (
and any special conditions relating to the measurement method;

details of the type of test surface used with witness plate or measuring instrument;
initial counts of surface cleanliness on testsurface(s) in the case of witness plates metho
details of time of exposure;

a log of scheduled and unscheduled activities and incidents during exposure;

cumulative particle size(s) that are measured;

test results with background counts, or previous counts, subtracted;

statement regarding compliance with the claimed particle deposition rate level designat

any other speciffc requirements that are relevant to the particle deposition rate an
deposition rate level.

ment was

(including

14644-1

including
ertificate,

=

on;

d particle
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Annex A
(informative)

Measurement of particle deposition rate

A.1 Gemerat

The basic|principle of particle deposition rate measurement is the collection of particles on aWwitnpess
plate or a test surface of an instrument, where the particles are counted and measured.

A witness|plate method is usually accompanied by an off-line particle analysis technique,/Measuremgnt
instrumeijts containing a cleanable or replaceable test surface have a test surface-and measuremgnt
technique|integrated into one sensor unit. This enables it to measure the surface cleanliness on-ling at
frequent iptervals.

A.2 Particle size

A particle|is a 3-dimensional object, and its exact size can be detefmined by its diameter only if if is
spherical.[The size of particles measured on a witness plate or.by.an instrument varies according to
the methqdd used. The particle size is normally measured by, microscopy or by an equivalent optical
measurenjent system. In both systems, a 2-dimensional silhouette (projected surface area) of the
particle is|observed.

8 © IS0 2021 - All rights reserved
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Key

S | silhouette of particle
d | equivalent diameter
F | Feret diameter

D | length of the particle
A | equal area circle

W | width

N
Figure A.1 Ll.’)imensions used to measure particle size

*
.

A

—

tlernative methods of siz@re shown in Figure A.1 and described as follows.

scattering, wh

— | Equivalent diam@: This is normally based on the physical properties measured, sul
e amount of light scattered by a particle is related to the size of the particle.
equivalent diameter can be calculated from the measured surface 2

ch as light

rea, A, by

(A1)

D isthe equivalent particle diameter (um);

A is the area of the silhouette of the observed particle (um?2).

If the particles are sized microscopically by a person, the particle size can be obtained by comparing
it to a series of circles on a calibrated eyepiece. Another approach is to measure the smallest inner
and largest outer circles that contain the particle dimensions, and use the average as the equivalent

diameter.

— Largest dimension.
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— Feret diameter (calliper diameter), which is the largest dimension in a horizontal or vertical
direction.

The selection of the particle size that is measured is mainly determined by the type of instrument used.
In monitoring, it is important to use the same method for all measurements.

The particle area can be calculated from the equivalent diameter, or the length and width of the particle,
or by measurement of the number of (sub)pixels of a detector that can fit into the silhouette of the
particle.

A.3 Particle deposition rate measurements

A.3.1 Mepasuring efficiency

If the detdction efficiency of the applied measurement method is not 100 % as indicated.in Formula 2,
the formuja can be modified to account for the efficiency of the detection method by thé'insertion of 1,
as shown [in Formula (A.2), correcting for the failure to count particles, or to count-particles that are
not there.

Ny =1|-Ry-t-a 4.2)

If a witne$s plate is used with a microscope, it is likely that the detection efficiency is close to 100]|%.
Similarly, [instruments have a high efficiency and Formula (A.2) ¢an normally be used without fhe
addition qf 1. However, if the measuring efficiency is known, this can be added to Formula (A.2) to
increase ifs accuracy.

Another point to be considered is the accuracy of the sizing, which in the case of an instrument is
affected by the pixel size of the digital imaging systemtused to determine the particle size. Howeyer,
this is only the case for the smallest sizes of particlessthat are measured and this impact is reduced| by
the cumulptive size approach.

A.3.2 Pgrticle deposition measurementinstruments and witness plates

Particle d¢position rate can be determinéd by measuring and counting particles deposited on a witngss
plate or tpst surface during exposufre'for a known time. A witness plate can be analysed undef a
microscopje by a person, or witha microscope equipped for particle analysis by scanning and image
processing. Particle depositionp~rate measurement is the measurement of macroparticles (partidles
>5 um) and is normally presented as cumulative sizes.

Particle d¢position meastisrement instruments can measure macroparticles with a lower size of partidles
that are equal to, and greater than, 5 pm, 10 pm, 15 pm or 20 um. Measurement instruments should| be
considerefl with respéct to their minimal particle size, measurement interval and measurable areg of
the test syrface. Adéscription of typical examples of these instruments is given in References [11], [[L2]
and [13].

Particle obs 0 , of pa S (s x_( a s S g area
covered by particles deposited on a witness plate or test surface of a measuring instrument during
exposure for a known time. Particle obscuration is expressed as the ratio of the total particle surface
area to the measured sample area in parts per million (ppm), or percentage area coverage. Alternative
measurement units are pum2-mm-2, with pm? for the total particle surface area, and mm? for the area
sampled.
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A.3.3 Required measurement time of particle deposition rate

:2021(E)

A sufficiently large sample should be taken to ensure the count of the required size of particle is
accurate. To ensure this, a count of at least 1, but desirably 5, should be obtained. The example below
shows how this can be done.

EXAMPLE

A product is exposed during assembly to airborne contamination for 12 min per product. The

particle deposition rate is measured by an instrument with a test area of 25 cm? at a particle size 220 pm.

The particle deposition rate level required to control airborne contamination is 2 000 particles 210 um
per m?2 per hour, which, as calculated by Formula (5), is equivalent to an intermediate particle deposition

ratt of 1 000 particles 220 pum per m? per hour.

Knpwing the maximum particle deposition rate is 1 000 particles depositing on 1 m2 (000

ho

Qu

An

Ift
So,

products, and preferably 10 products, should be measu¥ed.

pstion: If it takes 1 h for 1 000 particles to deposit on 10 000 cm?, then ow long do4

i1, then the time for a maximum count of 1 on a test surface of 25 cm? can be calculated as

particle to deposit on 25 cm?2?

Kwer: t=1 % 1 % 10 000 =0,4 h or 24 min
1 000 25

5 10000 _
1 000 25

when the time of exposure of the product to contaminated air is 12 min, the assembly o

he minimum count on the test surface needs to be 5, then,£#<=1 X 2h

cm?) per
follows:

sittake 1

[ at least 2

© IS0 2021 - All rights reserved
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Annex B
(informative)

Examples of particle deposition rate measurements

B.1 Exgmpleofpartictedepuositionrate mreasurements atacritical tocation

A glass wifness plate with a collection surface area of 64 cm? was selected as a test surface and€xposed
for 4 h at 4 cleanroom location that is adjacent to a vulnerable surface (critical location). For-diagnostic
reasons, the following particle sizes were measured: =10 um, =20 pm, 250 pm, 2100 pm,’2200 um gnd
2500 pum.

The initia] surface cleanliness of the witness plate was measured prior to exposuie, i.e. backgroynd
count, and is given in Table B.1. Table B.1 also gives the particle counts measured on the witness plate
after expqsure for 4 h. By deducting the background count from the count.after 4 h, the number of
airborne particles that deposit on the witness plate over 4 h is obtained.

Table¢ B.1 — Determination of particle deposition rate and particle deposition rate level
Particle sjze 210 pm | 220 pm | 250um | 2100 pm | 2200 um | 2500 pm
Initial coupt on 64 cm? witness plate 3 1 0 0 0 0
Count on Witness plate after 4 h 16 13 5 2 1 0
of exposute
Number d¢posited on 64 cm?in4 h 13 12 5 2 1 0
R (particlds 2D pm per m? per hour) 508 469 195 78 39 0
Particle d¢position rate level from 1000 1000 1000 1000 1000 0
Table 1
L = Ry D/1p (calculated) 508 938 977 781 781 0

The parti¢le deposition rate (numbder*per m? per hour) for each considered cumulative particle size
is then calculated by Formula (1). The particle deposition rate level is then determined by comparfng
the particle deposition rate vdlues of each particle size with the particle deposition rate levels giyen
in Table 1| The highest value'is the particle deposition rate level value. In this example, a L of 1 000 is
obtained flor the cumulativeparticle sizes of 210 um, 220 pm, 250 pm, =100 um and 2200 pm.
Alternativiely, the particle deposition rate level can be calculated for each particle size by Formula {3),
which is R, D/10.Fhe'highest value (977) can then be compared to the L values in Table 1, to obtainfa L
of 1 000.

B.2 Examples of monitoring the particle deposition rate at a critical focation

From the risk assessment, a critical location in a cleanroom can be specified as well as the target
particle deposition rate, or alert and action levels of the required particle deposition rate or particle
deposition rate level. If the R, exceeds the target or action values, then appropriate control measures
can be taken to reduce the Ry,

As an example, during every working day, the particle deposition rate during 4 h is measured on
a 50 cm? witness plate. For each measurement, the number of particles >10 pm per m? per hour is
calculated.

Figure B.1 shows an example of the average weekly particle deposition rate for particles 210 um over
a period of 20 weeks. The particle deposition rate is taken from the daily measurement over 4 h at a
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vulnerable location in a cleanroom. In this example, an alert level is set at 1 750 >10 um per m? per hour
to prevent exceeding the required PDRL of 2 000 >10 um per m?2 per hour. In this example, this is also
the action limit.

The action limit was not exceeded during monitoring and no risk reduction measures of the type given
in Annex E needed to be applied. The alert level is set at 1 750 >10 um per m? per hour to give an
alert when the PDRL is approaching the action value. This alert level was exceeded twice, and on each
occasion an increased surveillance of the particle deposition rate results was initiated.

Y
2200
3
2000 /
2
1800 / A

NN A
1400 // / ./1 /

/ \ v
1200
1000
1 2 3 4 5 6 7 8 9 10 1131213 14 15 16 17 18 19 20 [X

Key
X | working days
Y | PDRL
1 | particle deposition rate level each day in number of particles 210 pum per m?2 per hour
2 | alertlimit for particle deposition rate level
3 | PDRL limit, action limit for particle deposition rate level

Figure B.1 — Example of daily monitoring of particle deposition rate level by a witnefs plate
method

Measurement instruments that can measure particle deposition rate at short intervals arg¢ available
(repl time monitoring):”’As an example, a sensor with a test surface of 50 cm?2 and a samplipg time of
5 thin is used. Figuré B.2 shows an example of an operational sampling period of 72 h. It can be seen
thdt the cleanreom is only used during daytime. This means that the actual operational tjme of the
indtrument/is\about 36 h. If required, the time that deposition events occur can be correlated with
actlivitiessthat occur in the cleanroom to identify potential sources of contamination.
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30

25 |

20

15

{ L
23-11-2017 24-11-2017 25-11-2017 26-11-2017 X
D0:00 00:00 00:00 00:00

Key
X  time
Y  R(10)[ deposition rate of particles 210 pm per m?2 per sample time of-5.min

Figure B.2 — Example of a real-time measurement of deposition of particles

If requirefl, the results obtained from a witness platesior real time sensor, can be used to obtaih a
particle sjze distribution. Figure B.3 shows such a distribution obtained from the previous example
when using the real time sensor over a 36-hour sampling time. Figure B.3 also shows the L of 10 000
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Figure B.3 — Example of the particle size /distribution of the particle deposition rat

particle deposition rate level
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Annex C
(informative)

Measurement of the particle obscuration

C.1 Gengerat

In some

rleanroom manufacturing industries, such as optical components or instrumehnts; 3

aerospace} the quality of products such as mirrors, lenses and solar panels is related to,the’amo
of light absorbed or reflected by particles on surfaces. In these situations, rather than measuring

particle d
by particl

Eposition rate, it is more relevant to measure the proportion of surface that is obscu
ps. [EST-STD-CC1246E:2013 gives a method for calculating the amount ¢f/Obscuration (

surface by measuring the longest length of a particle and using empirical conversion'factors to calcul
the surfacg area of the particles. The method in this annex uses a different approach that makes it m

applicablé

method d¢scribed in ECSS-Q-ST-70-50C:2011.

nd
int
the
red
fa
hte
bre

to equivalent particle sizes and, therefore, measuring instruments.-The method is based gn a

The meth¢d described in this annex firstly measures the particle obseutation factor and then calculaftes

the partic

e obscuration ratel13],

The partiqle obscuration factor is calculated with Formula (C.1):

A
O=— €1
a
where
0 is the particle obscuration factor.jn' mm?2-m-2;
A is the particle area coverage, the total surface area of particles in mm?;
a is the area of surface sampled in m2.
By measuting the particle obscuration factor over time, the particle obscuration rate can be obtainled,
which is aph index analogoustothe particle deposition ratel12! [see Formula (C.2)].
a
F=— (d.2)
1
where

F ic vatrticla ahccuration rata (narticla araq in mm?2
P P aedH T

oot turatrorr ottt ToIcrc

O s the particle obscuration factor in mm2-m=2;

t isthe time the surface is exposed to particle deposition (h).

Instruments that can directly measure obscuration are available.

If the customer and the supplier agree on a maximum amount of particle obscuration on a surface in
terms of the particle obscuration factor, the particle obscuration rate can be used to set up the proper

control of

16

contamination that meets the agreed particle obscuration factor.
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The particle obscuration rate can also be used to determine the acceptable particle area coverage on a
critical surface of a known surface area after exposure for a given time [see Formula (C.3)]:

A=F-t-a (C.3)
where

F s particle obscuration rate (particle area in mm? per m? per hour);

t isthe time the surface is exposed to particle deposition (h);

a isthe surface area exposed to airborne contamination (m?).
C.2 Measurement of particle obscuration
The particle obscuration factor can be measured by exposing a test surface tg-airborne depogition, and
obtaining the number and surface area of particles that deposit from the airionto the test surface. If the
change in particle obscuration factor over time is measured, the particle-obscuration rate is ¢btained.
The size and number of particles deposited onto a known surface area’can be obtained by mjicroscopic
measurement, or by instruments. To calculate the surface areas of'the particles, the cumulatiive counts
ar¢ not measured but particles within size ranges.
The particle dimensions that are measured by different measuring methods are explained ih Annex A
angl this particle obscuration factor method uses the equivalent diameter, which takes accdunt of the
uneven shape of the particle by obtaining the diameter of a sphere that has the same proj¢cted area
as the particle. The total particle area, which is thé.surface area of all particles on the test purface, is
caliculated by Formula (C.4). After this is calculated, the particle obscuration factor is obtainefl by use of
Formula (C.1).

" T 2

,4=A4+§EFJ%-§(¢A+[3) (C.4)
where

A istotal particle arga;

M is total area of particles 2100 pm;

i isthe range-humber;

d; istheVower limit of the ith size range;

D, , sis:the upper limit of the ith size range;

N7 _is the number of particles counted in the ith size range of differential particle size digtribution.

It should be noted that in Formula (C.4), the particle area of each size is obtained from the average of
the lower and upper sizes of particles.

Any particles 2100 um should be individually sized and their surface area calculated from formula (C.5).

T
A ==D’ (C.5)
4
where
© IS0 2021 - All rights reserved 17
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A.

1

D.

1

is

is

the surface area of an individual particle;

the equivalent diameter of that particle.

Table C.1 shows the results of an example used to illustrate the calculation of the particle
obscuration factor.

Table C.1 — Calculation of particle obscuration factor and particle obscuration rate

The uppel
surface. T

Formula (

their surf3

Particle size (min- Particle size Particle count Particle area
frrrorT) {rrerxtTITerT) trrr)
= N-1/8(d? + D?)
5 15 4000 392 699
15 25 500 166 897
25 50 150 184 078
50 100 50 245 437
100 — 2 15 710
250 — 1 49 094
520 — 1 212 399
750 — 1 441964
1100 — 1 950 455
Total particle area (um?2) = 2658612
Total particle area (mm?) = 2,66
Sampled area F=6650mm2-m2
=0,000 4 m? 0 =665 mm2-m=2-h1

and lower particle size limits for each range are given, along with their counts on the t
he surface areas of all the particles ifi-each size range below 100 pm are calculated w
C.4) and given in the last column. Partticles of 100 um and greater, are individually sized 3
ice area calculated.

By summipng the surface areas of all particles given in the last column of Table C.1, the total surface a
is found tp be 2,66 mmZ2. Knowing the test area is 4 cm?2 (0,000 4 m?), the particle obscuration fac
is calculatied with Formula (C.1) te.be 6 650 per mm?2-m2. As the test surface was exposed for 10 h,

particle o

scuration rate is 665 per mmZ-m-2-h-1,

st
ith
nd

Fea
tor
Lhe
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Relationship between particle deposition rate and airborne

concentration of particles

Table 1 can be used to set the particle deposition rate level for particles depositing from

vu
cle
lev
of

(IS

Th
ha
ha
I1S(
obf

nerable surface. When these limits are set, there can be a need to provide a new |er
hnroom or clean zone with a ventilation system that ensures that the particlé |depos
el is unlikely to be exceeded. However, ventilation systems cannot be designed from K
the particle deposition rate level but require information on airborne concentrations o
0 14644-1 class) to calculate the air supply rate volumes (see Reference [16])x

N
/

h

relationship between the particle deposition rate and concentration of particles
been investigated in a wide variety of cleanroom classes (see Reference [17]). Furthe

14644-1 class that approximately correspond to a range of particle deposition rate lev]
ained. These are given in Table D.1.

particles 25 pm and ISO 14644-1 class limits

air onto a
upgraded
ition rate
(nowledge
[ particles

5 pum/m3
" research

confirmed the correctness of this information (see Reference\[18]). Using this relationship, the

els can be

Table D.1 — Relationship of particle deposition rate'levels to airborne concentration of

raj

Particle deposition

10 100 1000 10 000 100 000

Le level

1000000

M3
de

pximum particle

p

tidles 25pum (number

position rate of par-

20 200 2000 20000 200000 2

m? per hour)

)00 000

operation

:

14644-1 class - in

1,5 3,0 4,0 55 7,0 8,0

Th
to

air
pa
Re

Ta

relationship given in Table’D.1 between PDRL and ISO 14644-1 class limits should not be d
e accurate, as it is likely to vary according to the airborne conditions and size distry
orne particles in a.cleanroom or clean zone. In addition, the concentration of particles
ticles =5 um per_? per hour is an extrapolation from the information given in ISO 14
erence [19]).

le D.1 should therefore only be used in designing cleanrooms where actual data is unavai

onsidered
ibution of
below 200
b44-1 (see

able.
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Annex E
(informative)

Assessment and control of particle deposition

E.1 Gengerat

A methodglogy is given in 5.2 for establishing control of airborne contamination in a cleanroofiiyby |
of the parfticle deposition rate. This methodology is based on a risk assessment (see Reference [2
where risk of particle contamination in a cleanroom can be assessed by a combination of the'severity
the risk and its occurrence (see References [21] and [22]).

In a clean
process, id

Ny =
NOTE
to equipmg
Formula
amount of

R, =

To calculd
Formula B
reduce ris

To obtain
These are

1) thesu
depos

2) the sinallest particle/size that impacts product or process quality on each vulnerable surf

(critid

3) them|
surfa

o (H

‘oom where the impact from airborne deposition onto a critical surface, such as a product
being assessed, the risk can be calculated by Formula (E.1):

Rp ~a-t (H
[n failure mode and effect analysis (FMEA), severity is related £o'customer dissatisfaction or dam
nt of people and scored in a different way.

contamination from particle deposition.

ND
/AN

ite the risk to product from the deposition of particles, Formula E.1 can be used,
.2 can be used to provide the airbérne conditions of particle deposition rate required
k to an acceptable level.

the information required to:calculate risk, the first three steps given in 5.3 should be us
as follows:

rfaces in the cleanreom or associated controlled environments that are vulnerable to part
ition shall be identified;

al particle size) shall be determined;

e considered shall be determined.

1se

0])

y of

or

1)

hge

E.1) can be reformed to calculate the particle deposition rate required for an acceptaple

2)

nd
to

cle

HCe

hximum number of particles of the critical size that causes contamination at each vulneraple

These three steps require knowledge of the vulnerable surface and insight into the causes of the failure
by particle contamination. This information can be obtained by performing:

— an analysis on the impact of contamination of the surface in the (future) function of a product or
process where the vulnerable surface will be used;

— tests or simulations with various cleanliness classes of the considered vulnerable surface; and/or

— an analysis of the contamination that caused failure or quality loss.

The number of particles that deposit onto a vulnerable surface of a known surface area that is exposed
for a known time can be calculated by Formula (E.1) and this is demonstrated by an example given in E.2.

20
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The risk to a vulnerable surface can be related to the properties of particles other than size. If particles
possessing an undesirable property are identified and their particle deposition rate determined, then
these particles can be treated in the same way as cumulative particle sizes using the method described
in this annex.

Determination of the maximum number and size of particles is highly surface specific and should be
carried out for each individual type of surface. For process change it is recommended to re-evaluate
the risks.

The second part of the methodology described in 5.2 is for calculating the partlcle deposition rate (or

par

vulnerable surfaces. Formula (E.2) can be used and an example of the application of this
givlen in E.3. When the particle deposition rate is found to be too high, the methods explained
beused to reduce the risk from one or more of the risk factors that contribute to particle dep

E.2

Example of a calculation of the risk from particle deposition onto a
vulnerable surface

The amount of deposition of airborne particles onto a vulnerable surface can be calculatec
particle deposition rate (see References [22] and [23]) and this methed’is illustrated by an ex

A product manufactured in a cleanroom has a vulnerable surfa¢e area of 10 cm?2 (10-3 m?2) an|
to pirborne contamination in a cleanroom for 5 hours during{pyoduction. Taking into considg
properties that act with size to affect reliability, the product’s reliability was considered to b
by particles 220 pm. The Ry was measured adjacent to the product by an instrument or wit
with a measuring efficiency close to 100 %. It was found to be 1 000/m?/h. Therefore, the
particles 220 pum that deposit onto the surface of:the product can be calculated by Formu
follows:

- - -3 -

Af]

pa
be

action of this number of particles.was considered to cause a defect in the product and thg
'ticle deposition in this example.is considered to be too high. Clause E.4 considers how th
reduced.

E.
ac

8 Example of caleulation of the particle deposition rate required for an
ceptable amount of particle contamination of surfaces

If the number of‘particles of a given cumulative size is known to cause unacceptable probl
thgy deposit anto a product or process, the required particle deposition rate or particle depo
leviel of a cléanroom or clean zone can be calculated.

ition onto
method is
in E.4 can
psition.

| from the
ample.

d exposed
ration the
e affected
ness plate
humber of
a (E.1) as

(E.3)

risk from
e risk can

Pms when

Kition rate

EX
aff

AMPLE Using the example discussed in E.2, and consideration of the number and size of pa|
pot the rellablllty of the product as well as the economlcs of the process [cost of yield loss wit

ticles that
respect to

addi 3 0 ouldnot bd more than
1 partlcle >20 um The product has a Vulnerable horlzontal surface area of 10 cm2 (10 3 m?2), and is exposed in
cleanroom air for 5 h. The particle deposition rate for particles 220 um that is not to be exceeded can now be
calculated with Formula (E.2) and found to be 200/m?-h:

Ny 1
a-t 0,001 x5

(=20 um) —

=200 /m2h

By reference to Table 1, it is found that a R(=20 pm) of 200/m?-h is equivalent to a particle deposition
rate level of 1 000.
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