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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Cleanrooms and associated controlled environments provide for the control of airborne particulate
contamination and, if relevant, other forms of contamination, to levels appropriate for accomplishing
contamination-sensitive activities. Products and processes that benefit from the control of airborne
contamination include those in such industries as aerospace, microelectronics, pharmaceuticals,
medical devices, food and research and development laboratories and some applications in healthcare.

Cleanrooms and associated controlled environments are classified for air cleanliness by particle
concentration (ISO 14644-1). Cleanliness attributes relating to chemicals, nanoscale particles and

vialple particles (microorganisms), as well as cleanliness of surfaces, can also be considered.

Thif document is one of the series of International Standards concerned with cleanroonts’and|associated

confrolled environments prepared by ISO/TC 209.

Thif document provides guidance for the design, construction and start-up of¢leanroomg, both new

and| those undergoing modification or refurbishment. In this edition, a more structured approach

is grovided with separate normative sections on requirements, design, ‘construction and start-up,
supported by four corresponding informative annexes.

For|this edition, key recommendations and considerations include:

a) |A structured approach with a logical sequential flow throygh the design, construction| and start-
up stages. There will normally be reviews and iterations of the requirements, confamination
control concepts, layouts and other considerations. Thefinal design should be reviewed pgainst the
requirements before construction commences and when construction is complete. Th¢ operation
and performance are verified against the requirements during start-up.

b) |Inclusion of other cleanliness attributes, Fhe ISO 14644 series has parts that deal with other
cleanliness attributes, namely chemicals,\nanoscale particles, macro-particles and, in [SO 14698,
viable particles (microorganisms), as weéll as cleanliness of surfaces. These other attribfites should
be considered if relevant, bearing intmind that the primary requirement for a cleanrodm or clean
zone is that it meets a classificatien-by airborne particle concentration according to ISO [14644-1.

¢) |Importance of a contamination risk assessment. Assessments should be carried ouf to better
understand the contamination risk and its impact on the process and product and to identify the
critical control points (focdtions) in the cleanroom or clean zone.

d) |A clear statementofrequirements, namely everything needed for input into the desigy, including
the purpose of¢the cleanroom and the acceptance criteria for performance parametgrs. This is
critical and sHould be documented prior to the start of the design process.

e) |Ventilatien effectiveness. This revision focuses on the importance of ventilation effectiveness
through.eontrol of air-flow patterns and clean-up recovery rates. Two measures are idgntified: air
change'effectiveness (ACE) and contaminant removal effectiveness (CRE).

f) UWlsingairsupply rate for calculations of contaminant dilution and removal. This will make it possible

to achieve energy-efficient cleanrooms while achieving the required level of air cleanliness.

g) Energy efficiency and life cycle considerations. Energy efficiency in cleanrooms is very important

and is covered by ISO 14644-16.

h) A clean build protocol. This is included to minimize contamination during construction of the

cleanroom.

Information directly relevant to cleanrooms and associated controlled environments is included in the
informative annexes. Supporting information is given in the Bibliography.
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Cleanrooms and associated controlled environments —

Part 4:
Design, construction and start-up

1

Thi
con
not
for

cled
Det

Scope

nroom installations. The primary cleanliness consideration is airberne particle co

5 document specifies the process for creating a cleanroom from requirements through td its design,
struction and start-up. It applies to new, refurbished and modified cleanroom installatipns. It does
prescribe specific technological or contractual means of achieving these requiréments. Itfis intended
use by users, specifiers, designers, purchasers, suppliers, builders and (petformance Verifiers of

entration.

hiled checklists are provided for the requirements, design, construction and starttup, which

include important performance parameters to be considered. Energynitanagement design gpproaches

are

identified to support an energy-efficient cleanroom design. Construction guidance i§ provided,

including requirements for start-up and verification. A basic elemént of this document is copsideration

of g
ent

NOTI
ISO

min|

Thd

2

Thd
con
und

ISO

spects, including maintenance, that will help to ensure cofatinued satisfactory operat]
re life cycle of the cleanroom.

E Further guidance is given in Annexes A to D. [SO14644-1, ISO 14644-2, I1SO 14644-8, |
14644-10, ISO 14644-12 and ISO 14644-17 provide complementary information. ISO 14644-7 offe

on Tesign, construction and requirements for separative ‘devices (clean air hoods, glove boxes, ig

-environments).
following subjects are mentioned but notaddressed in this document:

specific operational activities, praoc¢esses to be accommodated and process equipni
cleanroom installation;

fire and safety regulations;

ongoing operation, cleaning and maintenance activities, which are covered by [SO 14644

Normative references

following dociiments are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

14644-1, Cleanrooms and associated controlled environments — Part 1: Classification of ain

by p

ion for the

50 14644-9,
rs guidance
olators and

ent in the

-5.

Pir content
pplies. For
[s) applies.

cleanliness

article concentration

ISO 14644-16, Cleanrooms and associated controlled environments — Part 16: Energy efficiency in
cleanrooms and separative devices

3

For

Terms and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

©IS

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

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

311
air change effectiveness
ACE

ratio between the recovery rate at a location or locations in a cleanroom (3.1.4) and the overall recovery

rate of the cleanroom after a contamination event

Note 1 to entry: The recovery rate is defined and measured in accordance with ISO 14644-3.

[SOURCE: ISO 14644-16:2019, 3.2.7]

3.1.2
classification
method of pssessing level of cleanliness against a specification for a cleanroom or clean zone

Note 1 to eptry: Levels should be expressed in terms of an ISO Class, which represents mdximum allow
concentratipns of particles in a unit volume of air.

[SOURCE: ISO 14644-1:2015, 3.1.4]

3.1.3
cleanliness
condition rjot exceeding a specified level of contamination

[SOURCE: ISO 14644-15:2017, 3.5]

3.14
cleanroo
room withfin which the number concentration of airborne particles is controlled and classified,
which is designed, constructed and operated in a mandier to control the introduction, generation
retention df particles inside the room

Note 1 to enftry: The class of airborne particle concelitration is specified.

Note 2 to enftry: Levels of other cleanliness attributes, such as chemical, viable or nanoscale concentrations ir
air, and alsq surface cleanliness in terms of particle, nanoscale, chemical and viable concentrations, might als
specified and controlled.

hble

and
and

the
o be

Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,

humidity, ptressure, vibration and electrostatic.
[SOURCE: SO 14644-1:2015;3.1.1]

3.1.5
clean zon
defined spaice within which the number concentration of airborne particles is controlled and classif

and which |s,constructed and operated in a manner to control the introduction, generation and retent

ied,
on

—

of contamihants inside the space

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 als
specified and controlled.

o be

Note 3 to entry: Other relevant physical parameters might also be controlled as required, e.g. temperature,

humidity, pressure, vibration and electrostatic.

Note 4 to entry: A clean zone(s) can be a defined space within a cleanroom or might be achieved by a separative

device. Such a device can be located inside or outside a cleanroom.

[SOURCE: ISO 14644-1:2015, 3.1.2]
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6

commissioning
planned and documented series of inspections, adjustments, measurements, tests and verifications
carried out systematically to set the installation into correct technical operation as specified

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection or of testing
other forms of determination, such as performing alternative calculations or reviewing documents

3.1.

7

contaminant
particle, chemical or microorganism that adversely affects the product or process

3.1
co
CR
rati
int
Not
con

Not
con

Not
vary

a single sampling location considered to be representative ofithe characteristics of the sub-area of in

Not
[SO
3.1

customer

per
by

EXA
ben

Not
[SO

31
nor
nor
air

8
aminant removal effectiveness

o of particle concentration in the air leaving the cleanroom to the average of particle cor
he working plane of the cleanroom, when particles entering from filtered supply air are i

e 1 to entry: If the air leaves the cleanroom at more than one point then the weighted average of]
entrations based on the relative flowrates can be used.

e 2 to entry: The number and positioning of the sampling locations«for determining the aver
entration in the working plane of the cleanroom can be based on the'method given in 14644-1.

e 3 to entry: The local particle concentration is dependent on/the’airflow pattern in the cleanro

y significantly in the cleanroom. CRE in a sub-area of interestin‘the cleanroom may be calculated

e 4 to entry: Particles may be replaced by another aiztborne contaminant.

&

Son or organisation that could or.does receive a product or a service that is intended for
his person or organisation

MPLE Consumer, client~end-user, retailer, receiver of product or service from an inter
eficiary and purchaser.

e 1 to entry: A customer.can be internal or external to the organization.
URCE: 1SO 9000:2015, 3.2.4]

10
-unidiréctional airflow
-UDAF

JRCE: 1SO 14644-16:2019, 3.2.5, modified —¢Definition revised and notes to entry added].

jcentration
bnored
the particle

hge particle

bm and may
by selecting
ferest.

r required

nal process

Histribution where the supply air entering the cleanroom or clean zone mixes with the in|ternal air

[SO

3.1.

RCE: 150 14644-1:2015, 5.2.6 modified — Dellnition revised. |

11

particle
minute piece of matter with defined physical boundaries

[SOURCE: ISO 14644-1:2015, 3.2.1]

3.1.

12

setting to work

acti

©IS

vities to bring a system from a static state into correct operation
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3.1.13
source str

ength

number of airborne particles or other airborne contaminants considered emitted per time unit
expressed as a rate

Note 1 to entry: A source can be a person, equipment or an object.

Note 2 to entry: Each rate should be indicated with a specific particle size. Particles are often emitted in multiple
sizes and each size may have a different rate.

3.1.14

start-up
period foll
active sery

3.1.15
supplier

(Lwing the construction of an installation when the systems and installation are brought

ice, including all commissioning activities, training and handover to the customer,

organisati¢n that provides a product or a service

EXAMPLE
Noteltoe
Note2to e
[SOURCE: 1
3.1.16

I

Producer, distributor, retailer or vendor of a product or service.
ry: A supplier can be internal or external to the organization.
ry: In a contractual situation, a supplier is sometimes called a “codtractor”.

S0 9000:2015, 3.2.5]

unidirectional airflow

UDAF
controlled
and airstrq

pirflow through the entire cross-section of-a@leanroom or a clean zone with a steady velo
ams that are considered to be parallel

Note 1 to enftry: This type of airflow results in a directed transport of particles and other contaminants from;

clean zone.
[SOURCE: 1

3.1.17
ventilatio)
dimension
it determir
space and {

Note 1 to ¢

SO 14644-1:2015, 3.2.7, modified — Note 1 to entry added.]

N effectiveness
ess index that relates-to both the dilution and removal of indoor airborne contaminant

nto

Ccity

the

S as

es how effectively the filtered supply air is distributed to the critical areas in the occujpied

he contaminationremoved by the air leaving the room

ntry: Ventildtion effectiveness can be expressed in terms of air change effectiveness (ACE

contaminant remoyal‘effectiveness (CRE). In cleanrooms, mostly ACE is used.

3.1.18

or

verificatid

n

confirmation, through the provision of objective evidence, that specified requirements have been

fulfilled

Note 1 to entry: The objective evidence needed for a verification can be the result of an inspection, testing or

other forms

of determination, such as performing alternative calculations or reviewing documents.

Note 2 to entry: The activities carried out for verification are sometimes called a qualification process.

Note 3 to entry: The word “verified” is used to designate the corresponding status.

[SOURCE: I

S0 9000:2015, 3.8.12]
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Installation

1
handling unit

AHU
unit or plant comprising fan, filtration, heating, cooling, humidification or dehumidification and mixing
of fresh air and recirculated air, that provides conditioned air to a room or facility

3.2.

2

air diffuser

ice placed at the outlet of a room air supply terminal to improve distribution and mixing of supply

dev
air

Not

3.2
ins
cled
sery

[SO

3.2
filtq
ass

[SO

3.2
fing
last

Not
[SO

3.2
tur
con
airf
not

[SO

4

vith room air
b 1 to entry: A mesh grille or a perforated screen is not considered to be a diffuser.

3
fallation

nroom or one or more clean zones, together with all associated structufes; air-treatme
Fices and utilities

URCE: ISO 14644-1:2015, 3.1.3]

4
T system
embly composed of filter, frame and other support mechanism or other housing

URCE: ISO 14644-3:2019, 3.3.4]

5
1 filter
high-efficiency air filter in the system before the air enters the cleanroom or clean zone

e 1 to entry: Terminal filter is a final filter located at the point where the air enters the cleanroon;
JRCE: 1SO 14644-3:2019, 3.3.5, modified — Definition revised and Note 1 to entry added

6
h-down
Lrolled reduction of airflow velocity in unidirectional airflow cleanrooms and clean ain
low rates in non-UDAF cleanrooms in order to save energy during periods when the cl
in operation

URCE: ISO 14644-16:2019, 3.2.8]

Abbreviated terms

1t systems,

e

devices or
banroom is

ACH

air change effectiveness

AHU air-handling unit

CRE contaminant removal effectiveness

ESD electrostatic discharge

HEPA high-efficiency particulate air (filter)

HVAC heating, ventilation and air conditioning

MCP microbe-carrying particle

©IS
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non-UDAF non-unidirectional airflow
UDAF unidirectional airflow

ULPA ultra-low penetration air (filter)
URS user requirement specification
5 General

A cleanroofm or clean zone can be used to protect products and processes that are sensitive to airbd
particles apd other types of contaminants. A cleanroom installation can be new or the expansio

modificati

The life cyd
start-up, o

or disposal.

An analysi

address, byt is not limited to:

a) contan
b) statut
c) releva
d) busineg
e) future
The flowch

the work. 1
and start-y

There shal
these steps

This docun

n of an existing installation.

le of the cleanroom shall be considered from the outset. This includes its design, construct
cupation, operation, renovation, expansion, repair and demolition and consequent recyd

5 of the need for a cleanroom and its justification shall be performed. This analysis s

hination risk to product, processes, people and environment/(6.1);
ry requirements;

ht regulations;

ss-related aspects (financial viability and resource capability);
needs.

artin Figure 1 is intended to guide theuser through this document with a logical sequend
he annexes are aligned with the clayses in the main text (requirements, design, construc

p).

be areview after each step Based on the requirements and previous steps. In a small prg
may be simplified.

hent can also be usedfer non-classified clean controlled environment and controlled zon

rne
1 Or

ion,
ling

hall

e of
fion

ject

D
wn
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Clause 6
Requirements

Cleanroom Annex A
Guidance on requirements

Other

il

Clause 7
Design

Conceptual

Annex B

<>
Guidance on degsign

Basic

Detailed

N\
J

Clause 8 Annex C
Construction ) Guidance on construction

Clause 9
Start-up

Commissioning

Annex D

<> i
Guidance on start-up

Training

Handover
\ J
_____ Y __u4
é Operations A
~and
S maintenance )

Figure 1 — Flowchart: from requirements to design, construction and start-u

P

6 Requirements

6.1 Cleanroom requirements

Cleanroom features and contamination control requirements are established as necessary
and repeatably create environments of desired quality to protect patients, products,

to reliably
processes,

personnel or the environment. An assessment can be carried out in order to identify potential risks of

the facility to be designed.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0481f8b823b0948ee08d0ba80fb6a7f3

ISO 14644-4:2022(E)

The following items shall be considered and defined as appropriate by the customer and designer:

a) theintended use of the installation and the operations to be carried out therein;

b) regulatory requirements;

c) therelevant parts of ISO 14644 that will be used, including number, edition and year of publication;

d) the air cleanliness class at the designated particle size(s) and the defined occupancy states in
accordance with I1SO 14644-1;

number concentration and particle deposition rate) (see Clause A.4);

f) considgrations of any other performance requirements such as ESD or vibration;
g) temperature, humidity, processes and operator comfort considerations;

h) performance parameters and their acceptance criteria, with any specific requirements for dlert
and acfion limits and their management;

i) entry gnd exit of personnel, equipment and materials, in terms of quantity/movement and contfols
applied, such as decontamination and gowning;

j) sources of contamination and their source strength data;
k) methofs of testing, measurement and monitoring to meet the.acceptance criteria;

1) cleanrpom environmental control by stand-alone systemSor integrated into building managenfent
systen (BMS);

m) requirpments for monitoring of environmental conditions and other parameters;

NOTE Guidance for monitoring to provide evidence of cleanroom performance related to air cleanlipess
by partficle concentration can be found in ISO }4644-2.

n) intendgd life cycle of the installation;

o) intendpd operational cycles and turn-down periods;

p) changgs of the installation anticipated over time to be provided for in the design;

q) theintended location of-the’installation and any site constraints;

r) theiddntification of external environmental influences;

s) critical] dimensiohs and weight restrictions, including those related to available space;

t) procegs and'product requirements that affect the installation, including cleaning and disinfectipn;

u) the proeessequipmenttstwithutitity requirements;

v) the preferred contamination control concepts and overall strategy for contamination control;
w) environmental and energy efficiency targets;

x) process hazards;

y) internal cleanroom surface and finish requirements (including the need for smooth, impervious
finishes which are cleanable and resistant to cleaning and decontamination agents and free of gaps
or pathways to uncontrolled areas);

z) required availability in terms of acceptable downtime and back-up strategy in the event of failure;

8 © IS0 2022 - All rights reserved
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aa)

ab)

ac)
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strategy of maintenance operations, space and time needed to maintain the installations during

the process cycle;

any other factors or constraints, not listed above, imposed by the operating requirements over the

life cycle of the cleanroom;

specific industry guidance.

Additional information on mechanisms of contamination and cleanliness attributes is given in Annex A,
together with a comprehensive checklist regarding requirements.

6.2
The

Other requirements

following items shall be considered and defined as appropriate:

entation;

bdures (see

d maintain

testers or

ted design

a) [roles and responsibilities of all involved parties during execution of the project;

b) [project budget;

c) |atime schedule, including milestones for provision of necessary information and docum

d) |[procedure for managing changes;

e) |verifications to be carried out at each stage of the project and related documentation;

f) |acceptance criteria for the various project stages, if applicable;

g) |scope of documentation at designated project stages; its data format and approval procg
9.5);

h) |training for cleanroom personnel and technical staff who will manage, use, clean, test an
the installation;

i) |any other approvals (e.g. management, financial, quality, process, regulatory, statutory)

j) |competence and experience ofidesigners, installers, constructors, commissioners and
verifiers, specifically in relation to cleanrooms and cleanroom technology;

k) |required experience, roles.and responsibilities for approvals.

6.3| Documentation

The requirements$.shall be agreed and documented to form a basis for subsequent anticipa

and allow changés to be managed in a traceable manner.

NOTE Inxsome industries this is documented in a URS.

7 npcign

7.1 General

The output of the requirements (Clause 6) is the input for the design. The design of the cleanroom shall
take into account an effective contamination control strategy for all aspects of its construction, testing,
operation, maintenance and life cycle. There are typically three stages in the overall design process:
conceptual design, basic design and detailed design.

Depending on the nature and scale of the project, these stages can be executed in one or more steps
with appropriate design iterations and reviews.

The design process shall progress in an agreed manner, shall take into account all the agreed
requirements and shall be documented.
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Consideration shall be given to energy efficiency (see ISO 14644-16) and use of separative devices (see
ISO 14644-7).

Annex B gives additional information on contamination control concepts, calculation of air volume flow
rates for non-UDAF cleanrooms, selection of materials and layout.

Occupational health and safety shall be considered throughout the design stage.

In each design phase, the cost estimate and time schedule shall be considered. For cleanrooms, the clean
build stages and sequencing, construction method and verification shall also be considered.

7.2 Con

During the
determine

The follow

a) design
electri

b) concef
materi
c) materi
descri]
d) specifi
airflov

segreg

e) prelimlinary calculations for performance parameters;

f) gowni

ceptual design

conceptual design, the contamination control concept(s) to be used shall be considered
. Guidance about contamination control concepts can be found in Clause B.2.

ng shall be considered as an output of the conceptual design:

criteria, approach and potential solutions for architectural, structural, civil, mechan
cal, control and automation disciplines;

tual layouts of the installation, including locations and sizes‘of process equipment
als;

al, product, personnel and waste flow diagrams overlaid on the concept layouts with b
btions;

; control concepts, temperature, relative humidity and room-pressure differentials or 7
ation by airflow management;

hg specification to control source strength.

The conce

established requirements (concept design verification).

Conseque
agreement

At the com

7.3 Basic design

A basic deg

tual design shall be reviewed.by’the customer and supplier to verify whether it meets

to this review it will possibly be necessary to update the requirements. This is subjed

pletion of the coneeptual design stage an agreed concept design document shall be produ

ign is-developed based on the agreed concept design.

and

cal,

and

rief

cation of all environmental control requiremefts, including levels of air cleanliness,

one

the

t to

red.

The follow

rgshall be considered for the basic design:

a) planlayoutand section drawings, including locations and sizes of process equipment and materials;

b) room list with associated equipment identifying heat gain, potential for contamination and any
other critical characteristics;

c) utility

list;

d) schematics, such as airflow diagrams, room air balance and pressurization plan;

e) material, product, personnel and waste flow diagrams overlaid on the developed layouts;

10
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f) supporting calculations to support the supply and extract air volume flow rates necessary to
achieve required levels of air cleanliness, flow pressure cascade and recovery rate where required
(see Annex B);

g) supporting calculations associated with controlling any other contaminant of interest
(microorganisms, chemicals, nanoparticles or macroparticles in the air or on surfaces of interest);

h) associated design calculations for the HVAC environmental control system;

i) prefiltration and final air filtration and cleaning strategy for contaminants of interest, for
environment and for personnel;

j) |functional description to provide a description of the sequence of operations| Aor critical
performance parameters to aid controls system and software development;

k) |any alternative designs considered, if applicable, and reasons for rejection;
1) |energy-saving methods (as per ISO 14644-16);

m) |automatic or manual system control to achieve the required airflow rate, airflow directign between
rooms and pressure cascade;

n) |material and component specifications;
o) [finishes and construction joint details for the surfaces of-the installation;

p) |commissioning (setting to work and verification) approeach (see 8.2);

q) |reliability and redundancy strategy;
r) |maintenance strategy;

s) |building automation and control systems, sometimes known as building managemept systems
(BMS).

The basic design shall be reviewed by customer and supplier to verify whether it meets the ¢stablished
reqpirements and concept design {basic design verification). It is important to include the practicality
of both construction and maintenance in the review activity.

NOTE Consequent to review it will possibly be necessary to update the requirements. This is subject to
agr¢ement.

At the end of the basi¢design stage an agreed basic design document(s) shall be produced.

7.4 Detailed-design

The detailed design develops the agreed basic design. Upon completion of the detailed d¢sign stage
a detailed design document(s) shall be produced in sufficient depth to enable constrjiction and
verlfi€ation to be carried out.

The detailed design shall be reviewed as part of design verification to ensure it conforms to the
requirements in Clause 6 as implemented in the basic design. Any changes shall be approved by
stakeholders and recorded as part of change control and management.

In addition, the output of the detailed design stage shall include the quality control requirements for
the construction verification and commissioning, including the methods to be employed, the parties
involved and any requirements for witnessing.

7.5 Change management

When changes are necessary, during design or construction, the requirements or other inputs from the
prior design stages shall be referenced and may need to be refined or revised.

©1S0 2022 - All rights reserved 11
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It is important that these changes and the implications of the changes are recorded, reviewed and
agreed to by designated personnel. Responsibility for this coordination shall be defined.

The impact of changes on cost, project schedule and quality shall be considered and approved.

8 Construction

8.1 General

The install
and the cofj

8.2 Con

8.2.1 Ge

Roles, resp,
with a sche

All contrac
Responsibi

8.2.2 Sd

Constructi
milestones

823 Qu

A quality p
consider pi1

a)
b)
‘)
d)
e)
f)
g)

identif]
identif]
assess
approv
docum
respor

manag

struction plan.
struction plan

neral

onsibilities and activities shall be described and assigned within the construction plan al
dule, a quality plan and a clean build protocol.

lity for this coordination shall be defined as a part of the corstruction plan.

hedule

bn activities shall be coordinated using a schedule¢that documents timing, sequence and
for the project.

ality plan

Jan shall be developed in consultation with the customer and other relevant parties and s
ocedures for:

ying changes that require an agreement;

ying and documenting deviations;

ng the impact of the(consequences of these changes and deviations;

al, by appropriate,designated staff, of changes, deviations and corrective actions;
enting the cofitrol of construction activities and information;

sibility;

enient of documentation.

jons

ong

tors’ and subcontractors’ activities shall be coordinated for the diiration of the entire project.

key

hall

NOTE

8.2.4 C(lean build protocol

Construction verifications can be part of the quality plan or exist as separate document(s), see 8.3.

A clean build protocol shall be considered for the construction project. Application across all
construction- and assembly-related activities both on and off the construction site shall be considered.
The protocol shall be relative to the classification of cleanroom being installed. For example, a stricter
protocol can be applied to a cleanroom with a cleaner or more critical application.

Examples of requirements for a clean build protocol include the following:

— The construction site shall be protected from the external environment at the earliest practical
opportunity.

12
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Areas shall be provided for the set-down of materials, including sufficient space for the
of incoming materials.

inspection

Critical components, such as final filters, shall be protected from contamination and damage until

fixed in their final position.

Materials that are delivered to site in a clean condition, such as cleanroom panels and HVAC ducting,

shall be kept clean.

A cleaning programme for the installation as construction progresses shall be implemented.

Con
con
800
site

Clayise C.2 provides additional information on the clean build protocol.

nD 3 £ 1 L | d _al £ 3 £ £ s 3
DCITAT CatiolIr OT o CICariT oouITaary ar oo CreatT OUTT CUTTSTT Ot tIUTT O~ pPTCVveITC COTTCAaTIIIT

adjoining areas shall be established.

siderations shall be given to include training and instruction for all personhgl att

ation from

bnding the

struction site, including visitors. This shall outline safe working procedures and‘assist in ensuring

d handiwork, correct conduct on site and adherence to any clean build protocol imple

mented on

part of the

ctions and
her.

UV as work is

stems into

hations;

bre special

8.3| Construction verification

A s¢t of verifications shall be carried out throughout the construction to ensure that each

conktruction process and the final installation conforms with the approved design.

8.4/ Documentation

At the conclusion of the construction process, avset of record drawings, operating instry

conptruction verification results (see 8.3) shall\bé provided to the customer in a timely man

NOTE These drawings and operating instructions can be prepared and compiled progressivel

completed.

In drder to prepare for start-up, provision of the following information shall be considered:

a) |checks and inspections t0-be completed prior to bringing the installation and sy
operation;

b) [procedures to start,stop and restart the installation under normal and failure mode sit}

c) |acceptable ranges of the performance parameters;

d) |off-peak afidturn-down procedure;

e) |procedures to follow when alert or action limits are reached;

f) |ibformation on how to operate airlocks, pass-through hatches and other areas wh
Ventitation ScNemes are used;

g) information on calibration, operation and maintenance of the monitoring system;

h) procedure for verification and testing after maintenance activities.

9 Start-up

9.1 General

Upon completion of the construction of an installation, the period of start-up commences with
commissioning to confirm that the installation is complete and functions and performs as specified.
Annex D gives detailed guidance on start-up.

© IS0 2022 - All rights reserved
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The handover of the installation to the customer concludes start-up.

9.2 Commissioning

9.2.1 Ge

neral

The setting to work and verification activities shall be planned, scheduled, documented and approved
prior to execution.

9.2.2 Se

The install
until the pe¢
agreed.

9.2.3 Fu

A series of]
in accorda
together ta
or clean zo

The verifig
appropriat
the scope @

9.3 Trai

The custon
for their
preparatio
operation,
defined. Tr

q

9.4 Han

The hando
documente

9.5 Doci

9.5.1 Co

tting to work

ation will be set into operation. A series of measurements and adjustments are carried
brformance parameters are achieved and the installation is operating in a stable conditio

nctional and performance verifications

verifications shall be carried out to demonstrate that all the performance parameters
hce with the agreed specification and to determine that all parts 6fthe installation ope
achieve the designed conditions (further information is given in Annex D). For a cleanr
he this shall at least include a classification test in accordance with ISO 14644-1.

ation tests shall be of sufficient duration to demonstrate“consistent performance for

f verification.

ning

her shall ensure that the personnel operating and maintaining the installation are compe

energy management and maintenance. The responsibility for providing training shal
pining shall be carried out as spéeified and documented.

dover

yer of an installation'shall be defined and agreed on between the supplier and customer
d.

1mentation

mmissiohing documentation

In addition

e functional operating configurations and intended uses. Rationale shall be documented

tothe documentation provided during design and construction, the following informag

out
1 as

are
rate
hbom

the
for

fent

ssigned duties and have received appropriate training for the specific installation in
h for handover. Training shall include relevant practices for the installation’s start

_up’
be

and

—

on

shall be provided to the customer during start-up and following commissioning:

a)
b)
‘)
d)

identif

14

data acquired during setting to work;

ication of setpoints and performance parameters determined during setting to work;

final and approved performance verification data, recording the values of conditions specified;

energy performance and turn-down data in accordance with ISO 14644-16.
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2 Performance-monitoring instructions

Documentation shall include guidance and recommendations on:

a)
b)
‘)
d)

performance parameters to be monitored;
cleanliness attributes to be monitored;
test and measurement frequency;

description of test and measurement methods;

e)
f)

9.5

NOTE Reference to standards and guidelines will possibly be sufficient.
real-time continuous performance monitoring and trend analysis, if appropriate;

action and alert limits, if appropriate.

3 Maintenance instructions

Maintenance activities and their frequency shall be defined and implemented. Impact on the installation

and|

9.5
A rd

9.5

Ard
and|

processes shall be considered when planning and executing all maintenance activities.

4  Maintenance record

cord of any maintenance carried out upon the installation during start-up shall be mainf

5 Record of training

cord of all training given shall be maintained;Training content, identification of personne
receiving the training and training date and duration shall form part of the record.

ained.

| providing
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Annex A
(informative)

Guidance on requirements

A.1 General

When defiping the cleanroom requirements, it is important to identify the cleanliness attributes
which mechanisms of contamination are relevant to the application.

A good understanding of the mechanisms of contamination (A.2) can help to identify the/performd

and

nce

parameterf that need to be controlled. Information on standards for different clednliness attribyites

(A.3) can bl applied to set cleanliness levels.

The requirgments checklist (A.4) expands on 6.1 with further topics to consider:

A.2 Medhanisms of contamination

contamination can occur from a variety of sources and from several different mechanig
ion can proliferate due to a range of environmental(fagtors.

ms.

ate,

nt,

tools, components, packaging, finished goods, \*Consumables, personnel or the ventilation system.

Contaminants can also migrate from adjacent’spaces due to loss of room pressure differential

en

cleanroom|doors are open or the HVAC system has failed. Surfaces can be both the source and|the
recipient ¢f contamination. The total ameunt of contamination that is generated by machinfery,

equipment] tools, consumables or other.sources of airborne contamination, per second, is know
source strgngth. Source strength is discussed in Annex B.

as

Contamination sources can intfeduce contaminants (e.g. particles, microorganisms, droplets and/

or chemicals) into the air by)impaction, friction, abrasion, vibrations, evaporation and reacti
Contaminants in the air candeposit onto surfaces. When there is airflow above a surface, a bound
layer influpnces the deposition from the air onto exposed surfaces and re-entry of contamina
from the surface intosthe air. Deposition mechanisms are sedimentation, interception, diffusion
electrostatlic attra¢tion. Environmental factors that affect the deposition are airflow, temperat
humidity and other physical influences (e.g. vibrations, ESDs).

To achieve|effective contamination control:

DNS.
ary
[ion
and
Lire,

a) the amount of contamination brought into the cleanroom should be minimized;

b) the generation and transmission of contamination should also be minimized;

c) contamination that is generated should be quickly removed from the cleanroom or contained so as

not to deposit and gather on surfaces;

d) the environmental conditions of the cleanroom should be controlled through an effective
handling system and surface-cleaning programme.

air-
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A.3 Monitoring cleanliness attributes

The primary cleanliness attribute of a cleanroom or clean zone is airborne particle concentration.
ISO 14644-1 specifies the classification of air cleanliness of the cleanroom or clean zone in terms of
maximum permitted concentration of airborne particles for a range of particle size(s) in occupancy
state(s) which must be defined. ISO 14644-2 specifies monitoring to provide evidence of cleanroom
performance related to air cleanliness by particle concentration.

In addition to airborne particle cleanliness classified in accordance with ISO 14644-1, additional
cleanliness attribute levels can be considered in the design of a cleanroom or clean zone. These other

(m

Wh
con

nitoring) cleanliness attributes are listed in Table A.1 together with the relevant standard.

Table A.1 — Monitoring cleanliness attributes

bn defining the requirement, cleanliness attributes of interest should be specified and thg maximum
centration (level) in air or on a surface at a critical location set according to the relevant standard.

Contaminant Air cleanliness Surface cleanliness
ISO 14644-2
Particles ISO 14644-9
ISO 14644-17
Chemicals ISO 14644-8 ISO 14644-1(
Nanoscale particles ISO 14644-12 Not applicable
Yiable particles (microorganisms) EN 17141
The requirement for a complementary cleanliness attribute will impact design, constructior and start-
up.
A.4 ChecKlist regarding requirements
The points listed in Table A.2 should bel.reviewed for their relevance to the project or prgcess as an

inpy

it for the design phase, as appropriate.

Table A.2 — Requirements checklist

No. Item Design input
1 Process information
1.2 Intended use — consideration of the process factors, personnel factors and environmental factors,
requirements of authorities and regulatory bodies
1.1 Upstreamydown- |— condition of product or starting material when delivered
streammprocesses
— description of subsequent process steps
2 Alr cleanliness
2.1 Particles — classin accordance with ISO 14644-1: particle concentration, particld size(s) and
occupancy state
— recovery time, recovery rate or both in accordance with ISO 14644-3
— ventilation effectiveness
2.2 Chemicals — excluded chemicals
— concentration level in accordance with ISO 14644-8
— contaminant category as used in ISO 14644-8
©1S0 2022 - All rights reserved 17
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Table A.2 (continued)

No. Item Design input
2.3 Microorganisms |— containment
— sterility
— fumigation
— bioburden
2.4 Other adverse in- |— vibrations (amplitude, frequency)

terferimgtactors
— electromagnetic fields

— electrostatic charges

Surface cleanliness

3.1 Particles — concentration levels and particle size ranges in accordance with{SO 14644-9
— cleaning in accordance with ISO 14644-13

— maximum particle deposition rate in accordance with’lSO 14644-17

3.2 Chemicals — concentration level in accordance with ISO 14644-10
— type of contamination, such as corroding surfaces

— cleaning in accordance with ISO 14644-13

3.3 Micfoorganisms |control according to ISO 14698
— disinfection method

— containment
— sterility
— bioburden
4 Profess materials and utilities
41 Solids — list of solid substances for the equipment, to be used in the process

— cleanliness or concentration

— quantities

4.2 Liquids — ~liguids to be used in the process, specified in terms of their influence on |the
product (for each item of equipment)

— level of cleanliness (chemical, particulate)
— quantities

— pressure

— temperature

— flammability

18 © IS0 2022 - All rights reserved
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Table A.2 (continued)

No.

Item

Design input

4.3

Gases

all gases to be used in the process, specified in terms of their influence on the

product (for each item of equipment)

level of cleanliness [chemicals, particles, viable particles (microorganisms)]

quantities

pressure

flammability

toxicity

4.4

Electricity

electrical supply (for each item of equipment)

voltage or frequency

phase

load or power fluctuations and standby pow€r-supply (replacement fq

turn-down mode

r mains)

4.5

Radiation

ionising and non-ionising radiation

4.6

Hazards

any hazard related to 4.1 to 4.5

Waste

5.1

Solids

list of solids to be disposed @f from the process (for each item of equipment)

cleanliness or concentration
type, quantity

discharge method and location

5.2

Extract air

list types'af'extract air from the process (for each item of equipment)
properties and chemical composition of extract air

types, quantities (volume flow)

pressure conditions

locations

5.3

Liquids

list liquids to be disposed of from the process (for each item of equipi]
cleanliness or concentrations

type, quantity

hent)

properties e.g. temperature and acidity (pH)

discharge method and location

5.4

Hazards

any hazard related to 5.1 to 5.3

Facility requirements to support the process, the equipment and the personnel

6.1

Airflow type

UDAF, non-UDAF or combined airflow

6.2

Direction of
airflow

direction of UDAF in the cleanroom, vertical or horizontal

© IS0 2022 - All rights reserved
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Table A.2 (continued)

No.

Item

Design input

6.3

Temperature

— air temperature requirements in the cleanroom, including maximum, minimum

and optimal values in terms of:
— production processes
— equipment and materials

— thermal comfort (gowning)

— maximum temperature variation in time and, if required, gradient per unitti

— maximum local temperature variations, target values for temperaturges

me

6.4

Hurj

hidity

— air humidity requirements in the cleanroom, including maximum, rhinimum
optimal values in terms of:

— production processes
— equipment and materials
— thermal comfort (gowning)
— target values for relative humidity
— maximum humidity, with time consideratiéns

— maximum local humidity variations

hnd

6.5

Rood
diff

m pressure
brential

the room’s pressure differential value jn'respect to the surrounding reference press
or to an adjacent area

6.6

Sou
leve

hd pressure
| (noise)

— maximum permissible and\@ptimal sound pressure levels from the cleanrd
processes

— personal comfort
— health and safety
— sound reflection

— reverberation

om

6.7

Vibi

ations

maximum’ permissible and nominal vibration levels in the cleanroom processes

6.8

Lighting

indication of minimum and optimal required level of illuminance in the cleanroom 3
if nécessary, wavelength limitations

— process requirements (task or local lighting)
— personal comfort

— glare

nd,

— reflectance
— uniformity
— low energy measures

— periods of use

6.9

Ceil

ing height

— required ceiling heights

6.10

Floor area

— required floor areas, i.e. lengths and widths

20
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suppression system

No. Item Design input
6.11 |Floorloadings — maximum load to be carried
— staticload
— maximum dynamic load
6.12 |Surface finishes |— surface flatness, smoothness or roughness requirements
— standards of handiwork (provide physical examples)
— use of impervious materials
— free of gaps and crevices and with appropriate sealing
— cleanability
— compatibility with cleaning and disinfection agents
— use of different colour finishes to presenta more aesthetically pleasant
environment, avoid glare and provide area or’z¢rie demarcation
6.13 |lonization — discharge time
— offsetvoltage
6.14 |Electrostatic — surface voltage level
discharge
— resistivity of materials
— electrostatic field
6.15 |Site require- — earthquake zones
ments
— flood zones
— outside contamination
6.16 |Information — IT infrastructure
technology
— public address devices
— ( notification devices
=~ alarm devices
— cyber security
6.1 |Electrostaticor |— continuous and transient radiated emission limit
magneti¢ fields
— spectrum for specific areas
7. Safety aspects
7.1 Separation of air |— specific requirements concerning control and separation of indivjdual areas
circulation Zones {Cross-contamination)
7.2 Storage and — provision of specific processes
transport of haz-
ardous materials |— total storage capacities of the cleanroom installation for hazardous goods (e.g.
toxic, flammable)
7.3 Emergency — maximum permissible distance to be covered when leaving the cleanroom
egress installation (emergency exits)
7.4 Smoke control — provision for smoke removal of sealed rooms
— smoke and fire detectors
7.5 Fire protection |— sprinkler system

© IS0 2022 - All rights reserved
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Table A.2 (continued)

No. Item Design input
7.6 Process hazards |— toxic
— flammable
— explosive
8 Cleanroom use
8.1 Availability — availability of the installation (redundancy, uptime and time to repair)

— availability of spare parts (quantity, type)

8.2 Movement of — product and process flow requirements
materials and
per$onnel — personnel flow requirements

— waste flow requirements

— distances between individual processes
— process separation requirements

— personnel communication

— airlocks and changing rooms

8.3 Utiljzation — indication of operating mode of cleanroomi.e. constant or intermittent
— turn-down

— tunability

— adaptive control

see SO 14644-16

8.4 Clegning and — procedures
disipfection

— nature of chemicals used

— potential for impact on process or surfaces
— undesirable residue

— ~emission

—~/ storage for devices and agents

9 Furfher requirements
9.1 Enefgy saving — settargets based on usage modes for optimized energy use
9.2 Legpl réquire- — listofalllegal provisions influencing the siting and the operation on site, including
ments local development plans and regulations, local tax regulations and cleara|nce
Tequirements
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Table A.2 (continued)

No.

Item

Design input

9.3

Utilities

— list utilities and external factors with quality, quantities and availability
— water supply, list of properties

— compressed air supply

— electrical power supply V, Ph or Hz, stability

— waste disposal arrangement

— vibration conditions

— influences from surrounding buildings (contaminations)
— influences on surrounding buildings (e.g. process exhausts)
— geotechnical conditions at the site

— safety and access factors

9.4

Regulatory re-
quirements

— licensing and inspections
— regulations
— standards

— guidelines

9.5

Other

— ergonomics, aesthetic factors

— future needs, flexibility

— investment, consequential costs

— cost of operation, energy consumption, cost of maintenance
— dates (landmarks and milestones)

— reSponsibilities for project tasks and milestones
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B.1 General

Annex B
(informative)

Guidance on design

The outpu
requireme
address th

of an effecfive contamination control strategy:

a)
b)

c)

engingering controls, i.e. the facility and environmental controls;

persorinel and material controls, i.e. gowning and behaviour as part ofprecedures and a qud
management system;

cleaning, including disinfection if required.

The cleanr

operationall practices to control contamination and meet the requirements in Clause 6.

ISO 14644

When desi
order to es

An effectivie contamination control strategy requires:

24

undergtanding of the activities and processes that are at risk of contamination and the type(s
contamination);

undergtanding of the sources-of contamination, their likely concentrations, characteristics
impact;

identiflying the critical control points in the cleanroom environment where control is needed;

establishing the acegpted limits for each considered contaminant, type(s) and level(s) at eac
these (¢ritical contsol points;

consid
isolati
enviro

[ of the requirements in Clause 6 is the input for the design section. As with manylof
hts, the design is an integral part of an effective contamination control strategy thatneed
b operational context and life cycle of the cleanroom. There are three fundamental elem¢

bom design in this document focuses primarily on the engineering controls that enable g

5 addresses the operational aspects of cleanrooms-and associated controlled environme

bning a cleanroom, it is necessary to understand the contamination control concepts (B.4
tablish control and then demonstrate contiol on an ongoing basis.

pring engineering control measures of contamination risk elimination or mitigation, inclug
bn, Segregation, separation and containment, e.g. creating a clean zone inside a less cl
pent;

the
s to
bnts

lity

ood

nts.

and

h of

ling
ean

limiting contamination sources inside a controlled environment (e.g. materials, equipment, people

in clea

nroom clothing);

limiting introduction of contamination from outside into a clean or controlled zone [overpressure,
entry procedure, transfer of goods (materials and equipment)];

diluting or displacing and removing airborne contamination by supplying adequately filtered air, in
order to achieve appropriate ISO cleanliness class;

remov

ing contamination by return and exhaust air and surface cleaning;

environmental control system to maintain the cleanroom environment conditions within agreed

param

eters;
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— environmental monitoring system or measures, including what parameters are required to be
measured, the location, frequency and time of measurement along with how to evaluate and act
on the data in terms of alert and action limits. This in order to demonstrate confidence that the

cleanroom environment conditions are operating within agreed parameters.

The ventilation system or HVAC is a critical part of the engineering controls. Examples a
References [16] and [20]. The required amount of supply air depends on the intended

re given in
use of the

cleanroom (B.3). The ventilation concept can be studied using computational fluid dynamics (B.4). In
addition, the layout of the cleanrooms and the materials used in the construction of cleanrooms has
to be considered (B.5 and B.6). These aspects of design are discussed in this annex. A checklist can be

used to include all aspects (B.7)

B.7] Contamination control concepts

B.2l1 Zoning

For|economic, technical and operational reasons, individual cleanrooms.and clean zonej
enclosed or surrounded by further rooms or zones of lower cleanliness,classification. This
zong with the highest cleanliness demands, shown as that surrounding,the process core in
to He reduced to the minimum size and be more effectively controlléed.

Moyement of material and personnel between adjacent clean zeres increases the risk of con
trafpsfer, therefore special attention should be paid to the détailed layout and management
and personnel flows.

Figlire B.1 depicts an example of a contamination control principle called the box-in-box
thid configuration, the process core area would be regarded as the most stringently control
of the cleanroom. Outgoing movements of perseinnel, finished product or waste can occur
stages or a single stage, depending on the contamination transfer risks.

are often
tan allow a

Figure B.1,

famination
pf material

foncept. In
ed portion
in several

Thif is a two-dimensional diagram that should be interpreted in three dimensions to take ifito account

confamination risks from all directionsincluding from above and below the rooms and zoneg

identified.
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Flow of personnel

Flow] of
Flow of finished
materials prodficts
Process
core area

Clean zone
or cleanroom

Cleanroom(s)

Associated areas

External pnvironmental conditions
Flow of waste

Figure B.1 — Example of a box-in-box contamination control concept

B.2.2 Segregation

B.2.2.1 (eneral

Cleanroom| installation’s“ean consist of multiple zones and/or rooms with different requirementg for
contamination control. The objective of the design should be to protect products or processes, of to
contain them if hazardous. In some cases, a combination of protection and containment is requifed.
Segregatioh can\be achieved utilizing physical, aerodynamic or a combination of both means.

To protectlcle
maintained at an outward airflow in relation to those less clean spaces. To contain a hazardous process
this airflow direction should be reversed. Some applications can require a combination of different
airflow directions to both maintain cleanliness and contain hazards.

In the case of two zones separated by a physical barrier, an airflow should be established through the
leakage paths connecting the spaces flowing from the cleaner to the less-clean space. Maintaining this
airflow direction and pressure differential will require a suitable stable airflow volume rate difference
(offset) between the mechanically ventilated supply and extract airflows and pressure to be maintained
between the spaces to ensure that the airflow is always in the right direction. Where a series of spaces
are separated by physical barriers, the pressure regime between spaces should be arranged to ensure
the correct airflow direction at all interfaces between the spaces. This regime of increasing pressures
for increasing cleanliness or decreasing pressures for containment is often referred to as a “pressure
cascade(s)”.
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In the case of two zones separated without a physical barrier, a segregating airflow will only be effective
where the flow path and the airflow velocity do not allow backflow or entrainment of contamination
from the less-clean zone into the cleaner zone.

In cases where high levels of segregation are required, separative devices should be considered
(ISO 14644-7).

Figure B.2 illustrates the basic concepts for cleanroom or clean zone segregation.

1)
PR 4 N
1 2 1 2
N \
—_—T
A R
d) By physical barrier with b) By physical barrier with c) Aerodynamic: no practical
leakage: static pressure P, > P, leakage and overflow: static difference between static
pressure P, > P, pressure P, and P,

Figure B.2 — Concepts‘of segregation
It if possible to combine aerodynamic segregation:and a physical barrier in the case of larger distinct
openings in a physical barrier (e.g. continuous pfoduct transfer).

NOTE1 The effectiveness of the physical batrier concept can be demonstrated by undertaking a dontainment
leaK test as described in [SO 14644-3, as wellias experimental airflow visualization.

NOTE 2  The effectiveness of the aeredynamic segregation concept can be demonstrated by undertaking a
segregation test or airflow visualization as described in ISO 14644-3.

In gases where high levels ef protection are required, separative devices should be fonsidered
(ISO 14644-7).

The quantity of make=>up air should be sufficient for occupant ventilation purposes and to compensate
for |oss of air threugh' leakage through the boundary of the cleanrooms or clean zones and ¢xhaust air
fromn other equipment, such as separative devices.

B.2|2.2 _Physical barrier concept

In 4 physical barrier concept, two or more zones are separated by a solid structure into|individual

rOOINTS OT SPAces. PhySicat barTiers te.g. watls, fioors,; teitings, doors, Streens)to formram enclosure can

have various levels of integrity and can be equipped with local penetrations.

By designing the correct airflow, a correlated pressure differential range between adjacent cleanrooms
or clean zones of different cleanliness level can be selected.

To prevent reversal of airflow direction between adjacent cleanrooms or clean zones of different
cleanliness level from that intended, the design should balance the airflow in each of the segregated
zones in a controlled manner in order to maintain the correct pressure differential.

A controlling airflow between zones can be established and maintained using various airflow regulating
techniques. These include both active or automated and passive or manual systems that are configured
to adjust the volume flow rates of supply and return or exhaust air.
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Depending on the criticality of the segregation, pressure differentials between rooms should
typically range from 7,5 Pa to 15 Pa. However, in multiple connected rooms with different cleanliness
requirements, it might be necessary to design for smaller pressure steps (typically at least 5 Pa) to
avoid excessive pressures in the highest-pressure room in the cascade. Higher-pressure differentials
are sometimes required.

An increase in pressure differentials creates an increase in air velocity through any gaps. Pressure
differentials in the range 7,5 Pa to 15 Pa results in velocity through gaps in the order of 3,5 m/s to
5,0 m/s.

Precautions should be taken to ensure accurate measurement of separating airflow or pressure and

to investigate the stability of the installation through computer simulation or animation. Onee

installatio

is operating, this can also be demonstrated by visualization (ISO 14644-3). EX¢eS

pressure djfferences can be problematic because they can stress the structure of enclosuresand

door openi

In situatio}
the barrier
this instan
in the pres
often seen

g difficult, for example.

1s where the airflow volume through leakage paths is low due to high presstre integrit
(a more airtight enclosure), maintaining pressure stability can be morg @ifficult, becaus
ce small changes in the volume of supply and return or exhaust air can lead to large char

the
Kive
ake

y of
e in
ges

sure differentials, unless there is precise control of airflow volumes. This phenomenon is

in bio-safety level 3 or level 4 laboratories.

B.2.2.3 Aerodynamic segregation concept

A segregat

The necess
as thermal
air exhaus
for an aerd
clean side,
pharmacet

B.2.3 Ail

B.2.3.1 I

There are
control:

a) unidir

b) non-ur

ng airflow can effectively separate clean and less-cleanadjacent zones.

ary airflow pattern and velocity should be selectéd considering important conditions, §
load between the zones, physical obstacles and‘the location and magnitude of heat sour
s and contamination sources. In order to create a defined particle concentration differe
dynamic segregation, air velocity in the cleaner side should be higher than that in the
see Figure B.2 c). Applications of this type of segregation can be observed, for example,
tical filling station access door or a cleah zone within an operating theatre.

flow concepts
rtroduction

hree types of airflow goncepts used in cleanrooms and clean air devices for contamina

bctional airflew;

idirectional airflow;

combi

c)

uch
ces,
nce
less
at a

[ion

ed airflow.
Airflow pawwww i idi i

non-unidirectional is typical for cleanrooms of ISO class 6 or less clean in operation.

hile

For all airflow concepts, it is preferable that contaminants be removed as close as possible to the
source of contamination generation. Consideration should be given to avoiding or controlling airflow
disturbance around equipment

Figure B.3 gives examples that illustrate the different airflow patterns in cleanrooms (thermal effects
are not illustrated).
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Airflow: unidirectional Airflow: non-unidirectional

, ~ AN
D Lﬁ
L 2

Ventilation mechanism: displacement Ventilation mechanism: dilution

Figure B.3 — Examples of airflow concepts

B.2|3.2 Unidirectional airflow

Uniflirectional airflow provides displacement of contaminated air by the supply of clean air. The airflow
is most commonly either vertical (downwards) or horizontal but can be, diagonal or upwards. UDAF
religs upon a filtered supply of clean air delivered at the boundary fa¢eof the cleanroom or|clean zone
in quch a way as to ensure a steady velocity and airstreams that*are considered to be p4rallel. The
important design feature is that the uniformity of airflow is maintained right to the process fore. UDAF
restilts in displacement and a directed transport of particles away from the process core.

All positions in a working plane at right angles to the clean airflow offer the same cleanljness level.
Therefore, horizontally arranged processes require veritical UDAF and vertically arranged processes
reqpire horizontal UDAF. Working positions nearest.totthe clean air supply offer optimal confamination
confrol conditions, because working positions downstream of these positions can be [subject to
partficles generated or entrained upstream. Personnel placement should therefore be dowhstream of
the [protected processing at the process core.

For|UDAF systems, the average air veloeity is typically designed between 0,20 m/s to 0,60 n}/s at a test
distlance (referenced in ISO 14644-3)0f150 mm to 300 mm from the supply air inlet face. The selected
and agreed velocity can be influenced by other factors such as regulatory requirements, temperature,
obstructions to airflow and the location of equipment within the airstream.

High velocities can create ;exeessive turbulence and disruption to the air stream and low velocities
can|reduce the effectiveness’of the displacement concept. Low velocities are also at the lowf end of the
senfitivity of most velgcity measurement instruments. However, lower velocities are preferred in order
to spve on energy cansumption.

In YDAF cleanrooms, the design of physical obstacles such as the process equipment, as pell as the
operating precedures, personnel movements and product handling, should take into acdount basic
amination-
b a critical
meter and
flow.

B.2.3.3 Non-unidirectional airflow

Non-unidirectional airflow provides control of the environment through dilution of any airborne
contamination by the introduction of clean supply air into the cleanroom. The clean supply air mixes
with contaminated room air and the mixed air is removed continuously. The clean air can be supplied
at a specific temperature and humidity to control thermal environmental conditions and comfort of
occupants also by mixing.

In practice, some management may be applied to the airflow in order to direct clean air towards critical
areas where the suppression of contamination is paramount and then away into the exhausts. Likewise,
exhaust points are often situated near to where contamination is generated, for example by equipment
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or by personnel, so that this contamination is taken away as soon as it is generated. In changing rooms
both effects can ensure airflow moves from the cleaner to the less clean areas.

The number, location and type of supply air diffuser and distribution are critical in achieving the
required cleanroom performance. Similarly, the number and location of positions (return air or exhaust)
where air exits the cleanroom is also an important design consideration. Supply air diffusers protect

any terminally mounted filters from damage during general operations and cleaning.

NOTE

with a decrease in cleanliness in the rest of the cleanroom.

B.2.34 C

Combined
cleanlinesq
enclosure.

B.3 Cald

B.3.1 Ge

This subcl
dilutes the
concentrat

and the ventilation effectiveness and is given by Formula (B.1).‘See Reference [21].

e-Q

is

Where there is a designed increase in cleanliness below the supply air inlet(s), it will be associated

ombined airflow

hirflow cleanrooms are similar to non-unidirectional cleanrooms except that additiona
is provided for critical areas by means of a separative device, such as a UDAF-ceilin

ulation of air volume flow rate for non-UDAF cleanroom

neral

puse relates to non-UDAF cleanrooms, where the air supply mixes with room air
airborne contamination. The required air volume flow rate’to maintain a specified part
ion limit is determined by the rate of particles emitted.ih the cleanroom (source stren

supply air volume flow rate to thescleanroom (m3-s71);
Fate of particle emission in cleanroom air (source strength) (number-s1);
barticle concentration limitin the cleanroom (number-m-3);

ventilation effectiveness (dimensionless).

This form

supply air [is negligibleand can be left out of the formula. When using multi-staged filters with f]
HEPA or ULPA filters.that have been tested for filter integrity, this is a reasonable assumption.

NOTE

the air change rate (air volume flow rate divided by room volume). The air change rate is not used in calcul
the air supplly-as the air change rate depends on the volume of the cleanroom. The use of air change rate ca

la assumes that-the number of particles entering the cleanroom or clean zone from

air
b Or

and
icle
rth)

B.1)

the
inal

not

he airberne concentration in a non-UDAF cleanroom is determined by air volume flow rate and

)

njead

ing

to higher airborne concentrations than expected in small rooms. It can also lead to lower airborne concentrations
than necessary in larger rooms, with associated high capital and energy costs. However, if required, the air
change rate can be calculated after the air supply rate has been determined.

The source strength is the rate at which airborne particles are emitted in the cleanroom from people,
machinery, equipment and other sources. The maximum source strength (of emitted particles) should
be determined. In an operational cleanroom, these can have local variations and this should be taken
into account when determining the total source strength of the cleanroom.

The effectiveness of the air system in removing airborne particles depends on the ventilation
effectiveness. This is influenced by the type of airflow between the supply air terminals and exhausts,
as well as disturbance of the airflow patterns by, for example, obstruction or thermal effects.
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When evaluating the air volume flow rate, any specified recovery rate or recovery time that has been
given in the requirements will have to be considered. This is discussed in B.3.5. If a higher supply air
volume flow rate is required to satisfy these requirements then the higher value should be used.

During the air volume flow rate evaluation process, it is recommended that the safety margins are
included to address uncertainties associated with source strength data, particle generation and
distribution, and ventilation effectiveness. These safety margins should be clearly documented in the
design and can then be revisited after the cleanroom becomes operational and the actual airborne
concentration becomes known. ISO 14644-16 gives information on this topic in relation to energy

saving.
B.3l2 Source strengths
In this subclause the source strength of particles is considered. For other contdminants, such as
airhorne chemicals and airborne microorganisms, a similar approach can be used.
The particle generation from sources of contamination is expressed as the number of particlef dispersed
per|second. The cumulative number of particles larger or equal to a specific’size between ),1 pm and
5 pm and/or macroparticles larger than 5 pm is considered.
In 4 cleanroom, the contribution of all sources should be added to determine the source stijength S, as
shon in Formula (B.2):

§=2§; (B.2)
whgre S; is the strength of each source (number-s1) at a‘specific particle size.
NOTE The source can be at one position (machinery)'er can move around (people). Inlarge cleanrpoms where
a sogurce will not affect the complete cleanroom, the-cleanroom can be divided into sections. The falculations
woyld then be applied to each section. Sources do\not emit particles at a constant rate, but the rate|can vary in
tim¢ depending on the operations in the cleanreom. When setting requirements, an allowance for ekcursions in

exc

In p
applications, the contribution from machinery is small compared with that from people. Thg
kKimum number of people to:be found in a cleanroom and the garments they wear are inpportant in

ma

det

gss of the assumed source strength can be censidered.

ractice, the source strength can/bedifficult to determine if the cleanroom is a new desig

Y
4

ermining the source strength. Examples of source strengths of people in cleanroom garm

n. In many
refore, the

bnts can be

found in Reference [22]. The-source strength of equipment should be provided by the suppligr or can be
determined by using measurement methods described in ISO 14644-14 and [SO 14644-15.
If t:Le) cleanroom and’the application are similar to that of an existing installation, then a reasonable
estimate of the)toetal source strength in a cleanroom can be obtained if the airborpe particle
conpentrations;during operational conditions and the supply air volume flow rate are knowp. It can be
caldqulated using Formula (B.3).

S=QC-¢ (B.3)
where

Q is supply air volume flow rate to the cleanroom (m3-s71);

S israte of particle emission in cleanroom air (source strength) (number-s-1);

C is particle concentration limit in the cleanroom (number-m~3);

e isventilation effectiveness (dimensionless).
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B.3.3 Ventilation effectiveness index

The ventilation effectiveness, ¢, is used to include the correctional factors of the “actual mixing”
condition and effectiveness of various airflow patterns. For an existing cleanroom, the ventilation
effectiveness can be obtained in terms of ACE or CRE. The selection of the index depends on the
application and the data that is available or can be acquired. See ISO 14644-16 and References [17], [18],
[19] and [23].

Local particle concentrations can differ significantly from the concentration measured at the room air
extract. Local particle control is dependent on local airflow patterns. ACE index depends on the location,
and might be preferred to CRE, when particle concentration has to be controlled in critical locations.
Depending|on the choice made, cleanroom supply airflow rate should be calculated accordingly. Forfthe
calculation of the air supply rate where there are low level room extracts, € can range from 0,5-£0,0,B.

B.3.4 Fufrther considerations for the calculation of air supply rate
Two corredtions can be added to Formula (B.1) (see Reference [21]):

a) Larger|particles, such as macroparticles and MCPs, can deposit by gravity onto cleanroom surfgces
and relduce the airborne concentration in the cleanroom. When the cleanroom has a large floor
surface area and low supply air volume flow rate, this effect should be considered.

b) The effect of the air supply from a separative device that returns filtered air to the cleanr¢gom
can have a dominant effect in small cleanrooms with large separative devices. This effect is flso
dependlent on how efficiently the device air mixes with room.air:

The additignal effect of these variables can be calculated by Eermula (B.4).

Q=a-—B-QD—VD-A (B.4)

B is the ventilation efficiency coefficient of the device (dimensionless);
Qp is the supply air volume flow rate of device (m3-s71);

Vp is fhe particle deposition welocity (m-s~1), which can be 0,003 7 m-s~! for particles 2 5 pm jand
0,007 3 m-s~! for MCPs!

A is the horizontal sutface deposition area (normally the same as the floor) (m?).

Formula (B.5) can alsg,be used to obtain the local recovery rate at a critical location and by comparing
it with the overall recovery rate of the cleanroom the ventilation effectiveness ACE index is obtainef.

B.3.5 Particle removal rate

The ventilation performance of a cleanroom can be expressed by its ability to reduce the particle
concentration when there is an increased particle concentration from a particle source for a short
time. In addition, airlocks need to be designed to ensure that the airborne particles will be removed
to an acceptable low concentration before the door is opened. It can also be necessary to determine
the time required to wait for the normal supply air volume flow rate to a cleanroom to re-establish the
correct operational conditions from a ‘turn-down’ condition. Finally, it might be necessary to obtain
the ventilation effectiveness at a critical location by measuring the recovery rate at the critical location
and then comparing it with the overall air change rate of the cleanroom so as to obtain the ACE index.
All of these four requirements involve the application of the removal rate or recovery time methods
suggested in ISO 14644-3.
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The rate of removal of airborne particles introduced into a non-UDAF cleanroom is an exponential
decay governed by Formula (B.5).

1

1 C
N=-2,3x=lo — B.5
710810 [C- J (B.5)
where

N is air change rate per hour, or removal rate per hour (h™1);

yal ictbhadnirio] Al ca g S st A i al e (o A a3
=1 1IStre-Ht oo rRe-CoReetratioRorpara e s er-m—y;

C is the concentration after a known time of particle removal (number-m-3);
t is the time elapsed between readings of particle concentration (h).

Formula (B.5) shows that the removal of particles is dependent on the air change rate, whereas the
reqpired airborne particle concentration during manufacturing is determirned by supply pir volume
flow rate. The air change rate obtained by Formula (B.5) is the same as-the recovery rate dbtained by
the|method described by ISO 14644-3.

Formula (B.5) is used to calculate the air change rate required to give the required remqval rate of
thelairborne concentration of particles in a non-UDAF cleanroem, such as required by ISO 14644-3 for
megsuring the recovery rate. If, for example, the airbornecooncentration of particles =2 0, pm in an
operational ISO class 7 room was 352 000 per m3, and a hundredfold reduction was requirefl in 15 min
to the ‘at rest’ condition of 352 0 per m3, the required“ait change rate per hour can be calculated by
Formula (B.5) and found to be 18,4 per hour. Formula.(B.5) can also be used to obtain the locpl recovery
ratg at a critical location and by comparing it with-the overall air change rate of the clegqnroom the
Ver;[jlation effectiveness ACE index is obtained.

Shojuld information be required about a time required for (a) recovery time described in ISP 14644-3,
(b) [recovery time required for an airlock or (c) time delay after turn-down, Formula [B.6) from
Reference [24] can be used:

=il (B.6)
NG

whgre

N is air charge'rate per hour, or removal rate per hour (h™1);

o is the'ifitial airborne concentration of particles (number-m-3);

C issthe concentration after a known time of particle removal (number-m-3);

t is the time elapsed between readings of particle concentration (h).

It is assumed when using Formulae (B.5) and (B.6) in the various situations previously discussed that
good air mixing is obtained and there is an even particle concentration across the cleanroom. If this is
not the case, and the measuring location obtains less clean air than required, the air change rate will
need to be increased. The ACE ventilation effectiveness index is used to modify the air change rate (see
ISO 14644-16). To carry this out, the air change rate (N) in Formula (B.5) should be divided by the value
of the ACE index. In Formula (B.6), the value of N should be multiplied by the value of the ACE index.
In addition, if larger particles, including MCPs, are considered, the accuracy of the calculations can be
increased if consideration is made of the reduction of the airborne concentration by deposition onto
surfaces.
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B.4 Application of CFD

Computational fluid dynamics (CFD) modelling (see Reference [25]) can be used in designing a
cleanroom or clean air device by providing information on their likely airflow patterns and allowing
the designer to optimize the design and achieve a more effective and efficient installation. By obtaining
the likely airflow patterns at the pre-construction stage, unforeseen design errors, deficiencies and
ineffectiveness can be minimized, and an optimized design approach can be documented for use in the
construction.

Some important features of the CFD technique are as follows:

a) Effective CFD modelling requires the input of data that includes information on the geometry-of the
cleanrpom or clean zone and its equipment; heat sources; air volume supply and extract flow rates;
locatidn of air inlets and exhausts and the aerodynamic performance of any selected airdiffusdrs.

b) The tdchnique allows visualization of airflow patterns and contaminant concentrations within
a cleaproom or clean zone that enables the identification of areas that have poor cleanrgom
performance (e.g. unsuitable velocity, excessive eddy flows, high concentrations of parti¢les,
airflowy from less-clean area to cleaner area, unsatisfactory contaminant removal).

c) The tdchnique enables the modelling of contamination sources at {wQrst case’ point locatjons
for us¢ in assessing the impact of these sources on critical locations:yThe movement of particles
is dependent on different factors (e.g. size, density) and, where fiecessary, the relevant particle
distindtive features should be included in the CFD modelling,At.may be useful to also study|the
deposition of airborne particles onto critical surfaces.

d) If reqyired, most CFD software can track the emissions,of a specified size of particle through a
space.|Ilt may also be able to model movements of per§onnel, door operation and equipment,|but
this reguires more programming effort and longer cemputation time.

e) The CFD technique allows the effectiveness of‘the ventilation and particle removal at critical
locatidns to be obtained from the ‘age of the'air’, and calculation of the ventilation effectiveness
index; JACE or CRE. One of these indexes cantbe used as input to formulae that are used to calc&ﬁate
air volfime supply rates (B.1 and B.3).

CFD analypis is a useful tool and is_inténded to predict approximate airflow patterns, velocities,
temperatufe distribution and partigléyconcentrations in a cleanroom based on a numerical simulation
characterized by a set of assumptions and simplifications. CFD simulations can help, for example, inthe
selection of diffusers and their(Igcation through the knowledge gained from the resulting ventilation
effectivendss index at a criticallocation.

CFD can bg¢ applicable t0.UDAFs as well as to non-UDAFs; however, the study of non-UDAFs is njore
challenging as extra eafe is needed to accurately represent different types of outlets which will often
produce hdterogenéous velocity and a degree of instability.

Transient rather’than steady-state simulations can be needed to capture unsteady phenomena [like
movement

Reports of the CFD modelling should document information for the traceability of data and conditions
on which the analysis is based. Information required should include the software title and version,
the chosen turbulence model and other relevant software settings, cell types and numbers used in the
meshing of the model and adopted convergence criteria. Furthermore, sensitivity testing at different
mesh sizes should be undertaken as part of the quality testing of the model.

Where possible, after the cleanroom has been installed and is functioning satisfactorily, a field
verification should be performed to compare the output of the CFD simulation with the corresponding
experimental data.
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B.5 Selection of materials

B.5

.1 General

The materials of construction installed should be selected and applied to meet the requirements of the
installation. Consider the following:

a) the cleanliness class;

b) other cleanroom cleanliness attributes;

c) [construction method;

d) |the effects of abrasion and impact;

e) |cleaning and decontamination methods and frequencies;

f) |chemical or microbiological attack, leaching and corrosion;

g) |electrostatic properties;

h) |off-gassing material properties;

i) |repair and maintenance;

j) |end-of-life recycling.

All $urfaces of the interior of the cleanroom or clean zone which come into contact with airflows can by
thelr nature or condition influence the quality of theit supplied to the contamination-sensjtive zones.
For|this reason, materials and finishes intended _for the internal surfaces of the complete [cleanroom
environment and the associated air-handling system should be critically assessed and $pecifically

approved for this purpose.

Thd
ass

Con

selection of materials for the exposed.surfaces of equipment and furnishings also requir
pssment and approval similar to thattrequired for materials selected for cleanroom surfa

sideration should be given te the chemical compatibility of all materials exposed, the cl

disinfection agents and process*materials to be used within the cleanroom or clean zone

for
ISO

Seld
strd
and

instance, influence theschoice of fixings, adhesives and sealants for surface-finishing
14644-15).

ction of mategials” should include consideration of the chemical, thermal and 1
sses during operation (production, setup, cleaning and decontamination as well as c
outgassing«characteristics). Additionally, flexibility, functionality, durability, aest

ma

ntainability should be considered by customer and supplier.

Ma

envij

pla

NOTE
pre-

B.5

y materials contain chemicals and volatile organic compounds (VOCs) that off-ga

bs a critical
Ces.

baning and

. This can,
work (see

mechanical

pnductivity

hetics and

s into the
s, rubbers,

ronment at room temperatures. Construction elements such as glues, adhesives, paint

start-up activities where initial off-gassing of materials will possibly need to be purged.

.2 Control of electrostatic charging and discharge

Known off-gassing factors from materials can impact the ventilation design in certain areas and also

Accumulation of electrostatic charge, and subsequent ESD, can present a risk of hazard such as explosion
(in the presence of powders or gases), device damage (e.g. damage to electronic or optical components)
or excessive attraction of particles to surfaces contributing to physical, chemical and microbiological
contamination.
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Where these risks cause concern, the selected materials of construction should neither generate nor
retain a significant static charge. This significant value will be specific to each application and should
be clearly specified in the requirements.

Relative humidity parameters should be specified considering ESD control. Other local ESD control
mechanisms can be used, such as ionizing bars, dissipative flooring and earthing. It is important that
the direction of the generated ions is well targeted towards the surfaces to be treated. See Reference

[26].

B.5.3 Considerations for specific components

B.5.3.1

Consider a
insulation
In order to
finish with
decontami
materials.

Constructi
surface ju
crevices, g
use of cove
deemed ne

B.5.3.2 V

Materials :
considerat
doors are ]
material. S
otherwise

Walls and
adjacent sy

Where gla?
be given to
Glazing fr3
surfaces sh

Flush desig
outlets and

asic requirements

| relevant regulations concerning fire protection as well as sound, vibration and’ther
when selecting wall, ceiling, plenum, floor, door and glazing materials and their assem
avoid glare, consideration should be given to the interaction of surface colotr and sur
the intended lighting conditions. In the case of equipment and material‘transfer airlo

bn details, including aspects such as window reveals, door framé.or wall interfaces, surf.
ictions, door furniture or light-fitting interfaces, should be specified carefully to aj
hps and similar features that are difficult to decontaminatg, clean or sanitise effectively.
d or radiused junctions at wall-floor, wall-wall and wall-egiling should be considered. Wt
cessary, the detail should ensure a smooth continuous'surface transition.

yalls, ceilings and associated systems

ind surface finishes should meet all generdabrequirements for their application. Partic
on should be given to impact and abrasion resistance, especially where surfaces of walls
kely to be exposed to contact from frequent passage of trolleys, carts or personnel carry

ulnerable materials.

ceilings should be designed\to prevent ingress of particles or other contaminants f
aces.

ing is required in walls‘or doors, it should be of the non-opening type. Consideration sh
the use of double\glazing with airtight seal, which can enable flush mounting on both si

ould be considered for the frames.

n details should be considered for door frames, electrical and data fittings and other ser
equipment such as control panels and display screens.

B.5.3.3 Floers

mal
bly.
face
cks,

hation and cleaning procedures can impose special requirements ‘for the selection of

hce-
roid
The
lere

1lar
and
ring

litable rubbing strips or protectivedars and panels can constitute satisfactory protection of

O1m

uld
es.

mes should be.sthooth. Where flush fittings are not required, rounded edges or sloping

Vice

Floors or floor coverings should be non-porous, slip resistant, abrasion-resistant, conductive if
necessary, resistant to the chemicals they will encounter in use (both cleaning and disinfection products
and accidental spillage of process fluids) and easy to clean. The floor should support the specified static
and dynamic loads with the required strength and durability. The floor composition should provide the
appropriate electrostatic characteristics.

Consideration should be given to the impact that a non-slip or abrasive floor surface will have on
cleaning operations and particulate generation.

Raised floors can be applied to create space for equipment utilities. Perforated raised floors can be
used to create an air return duct.
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B.5.3.4 Doors

Doors should present as few horizontal surfaces as possible, with particular attention being paid to
the minimization of steps and ledges in the door surface. Thresholds should be avoided. Consideration
should be given to the minimization of abrasion in the mechanical elements of the door (e.g. latches,
locks and hinges) and also between the door and its frame and the floor. Door closers should be selected
with minimal ledges and no uncleanable crevices or ledges. Door handles, where required, should be
smooth, non-snagging and easy to clean. Consideration should be given to the use of D handles, push
plates, automatic openings and appropriate door-swing direction where contamination transfer is a
concern. Where possible, the use of latch and keep door furniture should be minimized to limit the
intraduction of crevices and ]pdgpc When cp]pr‘fing doors and door seals the dpcignpd ]quage rate
sholild be considered.

B.5{3.5 Air-handling systems
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bntion should be paid to minimizing the contamination generated, retained*and rele
ponents and surfaces exposed to the air throughout the air-handling systef to prevent a
Ficulate load being placed on the air filtration system. Duct components should be sy
ightness as appropriate, be cleaned and sealed after fabrication and delivered and stor¢
condition. It might be necessary to verify airtightness and cleanliriess before setting to

handling systems should include variable speed fan motors.

final filter location should be terminal for cleanliness class ISO class 8 (operational) and
ned and agreed technical reasons, the final filter locatien may be remote, but in such ca
Cautions should be taken to avoid contamination ingress between these filters and the p
air enters the cleanroom or clean zone (e.g. monitoring of the surface cleanliness and 4
entilation ducts and supply air inlets to avoid induction of contamination as well as the d
[eaning and decontamination procedures). Remote final filters should only be used in

[ test.

cting the correct type of filter for-all filtration stages is important to ensure an efficier
ctive solution (see References [1Z7)and [18]). In determining final filter grades, considera

be given to how the filtersswill be in situ tested for leakage (see ISO 14644-3) and
ximum designated leak lipnits'will be.

air-handling system-should employ two or more stages of air filtration in sequence. Se
ect grade of air filtration at each stage is important to ensure the overall filtration i
gy efficient and~sustainable. ISO 14644-3 provides specification for installed filte

pling of conceritration.

] filteessshould be HEPA filters for ISO cleanliness classes ISO class 8 (operational) a
A filters may be selected where very low penetration levels are required. For example,
1ld-be considered when the filters are serving ISO class 4 or cleaner environments.

hsed by all
h excessive
ecified for
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ses special
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firtightness
eployment
ower class

nrooms, due to the contamination risk and the difficulty of undertaking an effective ip situ filter

t and cost-
Fion should
what those

lecting the
5 effective,
- leak test

hods and the design of HVAC system should consider the location for aerosol injection angl upstream

hd cleaner.
LPA filters

B.5.

3.6 Fittings and furniture

Fittings and furniture should present as few horizontal surfaces as possible. Furniture should be kept to
a minimum and the specification, including materials selected, should be the same as for the cleanroom.

B.5.3.7 Fixings, connections and sealings

Connections, such as walls to ceilings, walls to walls, walls to floors or components such as coving,
door or window frames or penetrations require secure fixings and should be sealed. Fixings should
be concealed and airtight. Sealants should be durable, flexible, easily applied and cured to provide a
smooth, non-porous surface.
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B.6 Layout

B.6.1 General

The volume of a cleanroom should be kept to the minimum practicable. If a large area cleanroom is
required, consideration should be given to dividing it into several zones or rooms, with or without
physical barriers, to assist the contamination control management. BIM (building information
modelling) technology can be of great value in optimizing organization of space and integration of the

various technologies required for the facility.

For cleanr

om facilities that contain a hazardous process,-a different dpcign canbe rnqnirnd topro

ect

personnel,

B.6.2 Ail
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ind material transfer, a physical segregation by means of an airlock and/er(pass-through
rovided. The airlock and/or pass-through box should also maintain the'pressure differer
| between the rooms by ensuring the opposing doors are not opefied simultaneously.
es and selection see Reference [19].

ne contamination released in the airlock and/or pass-through'box should be contained

bffectiveness of air locks is dependent on the amount of/air supplied and the time use
Cle contamination. Information required to calculate<these two variables is given in B,
can have a higher air change rate than the cleanroom, to reduce recovery time and aj
Lion of the cleanroom upon entry.

s should be taken to ensure that entry and exitdoors associated with an airlock and/or p

ht view. Consideration should be givén to the use of electrical or mechanical inter
cluding audio-visual indicators.

enches or other clear demarcation systems should be included within an airlock system
e of personnel.

e decontamination devjeés/and procedures should be employed as necessary within a p
x for the transfer of materials.

e of material and-personnel should be segregated.

pnging rooms

ooms aréewspecialized airlocks for the entry and exit of personnel to and from a cleanro
d inc¢lude sufficient space for their function, and when required for the cleanroom cl

ing
box
tial
For

and

y a combination of interlocked doors and dilution by clearsupply air for a defined flushing

1 to
3.5.

roid

HSS-

:rx are not opened simultaneously. Clear windows can be provided at both points to allow
5

systems, in

ock

for

HSS-

provision for storing, donmng and removmg spec1allzed cleanroom garments. T

can also inchide w c
contamination control floor materlals (adheswe or tacky mats) at the pomt(s) of entry and ex1t to the
cleanroom.

Where storage of garments is required in airlocks or gowning rooms, consideration should be given to
the use of hanging rails and perforated shelves rather than closed lockers.

Separation of the personnel entering from those leaving the cleanroom via the changing room should
be ensured. This can be achieved by separation in time (temporal) or by providing physically separate
entry and exit routes.

Where hazardous materials are processed, a separate changing and decontamination route should be
considered.
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Changing rooms should be provided with a level of contamination control and internal cleanliness
control that ensures the integrity of the cleanroom is protected. Similarly, the methods and equipment
for storage of garments and equipment for use in the cleanroom should be commensurate with the
required cleanliness and contamination protection required by the contamination-sensitive operation.
To provide the required protection, consideration should be given to three functional zones or regions
of the changing room:

a)

atthe changing room entry: access from ancillary areas (either directly or via an airlock)

configured

for removal, storage, disposal and/or redonning of garments not permitted within the cleanroom;

b) the transition zone: area where garments or personal equipment dedicated to the cleanroom are

stored, donned or removed, as appropriate;

process is

ropriate to
ht the zone
't is caused

these are
roidance of

yes, masks,

c) [the inspection or access zone: area where inspection of the completed gowning
undertaken and which provides access to the cleanroom either directly or via an airlock.

The three functional zones can be separated (e.g. by a stepover bench or airflow) as app

the|operation and use of the changing room. The three zones should be established such th

clogest to the cleanroom provides a high degree of assurance and that minimal adverse impa

by 4ccess or gowning procedures implemented in the adjacent zone.

The features that are required in the changing room will be specificito the cleanroom that the changing

room serves. The following should be considered:

— [the number of people passing through the gowning proéedure, both in total and at any dne time;

— |the planned gowning time;

— |the gowning procedure (i.e. what garments are to be taken off and put on, whethe;
reusable or single-use, the required protocolto ensure garment cleanliness and the ay
cross-contamination);

— |the frequency of garment replacement:

Consideration should be given to the-following provisions in the changing room:

— |storage and disposal of garments;

— |storage before use, provision and disposal of consumable items and accessories (e.g. glo
protective glasses, gvershoes);

— |storage of persenalitems;

— |hand-washing-and drying or other typical decontamination or sanitisation processes;

— |prominent display or posting of gowning sequence, with clear instructions;

— |fulllength mirrors to check effective donning of garments and protective equipment;

— ESD protection checkpoint when required.

B.6.4 Workstation arrangement

Consideration should be given to the following provisions regarding workstation placements within the

cleanroom:

a) entry and exit points;

b) major traffic pathways;

c) features which can cause disruption of the airflow pattern;

d) ancillary equipment;
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e)
f)
g)
h)
i)
j)
k)

waste

access

access

B.6.5 Ancillary support areas and adjacent cleanrooms

storage and movement of parts, tools and finished goods.

contamination sources;
thermal effects;

airflow directions;
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for maintenance;
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Table B.1 — Design checklist

No.

Item

Description specified

Information on process equipment

1.1

Technical features

— dimensions and weight of each part of the equipment

— spacerequired around the equipment for operational access and maintenance

— the space and additional equipment required for loading and
processing materials

— dCCEeSS TEqUITEINENtS for S tatHg the equipIerTt 1T tie Cleanroomn)
— heat gain from equipment

— utilities required

— air exhaust requirements, if applicable

— contamination source strength

— installation of siphons equipped with @nti-return valves (acdessible for

maintenance) on floor drains

unloading

1.2

Assembly, operation,
maintenance

— operation and maintenance instruetions

— storage and handling of change parts

1.3

Throughput

— quantity or number of itemsproduced per unit time

— the space and additional equipment required for loading and
processing materials

unloading

Cleanroom design considerations

System(s) design

— system reserye capacity
— redundahéy and standby provision
— overdimensioning of the system (design coverage)

— salternative sources of power or primary utilities for switch-over

2.2

Prerequisites

Thefollowing documentation should be available:

= technical specification, including, if necessary, safety and ehvironment

handbook

— listing or schedule of regulations, standards and guidelines to b
account and identification of approvals required

— list of process equipment (see 1.1)

— approval or clearance for planning

taken into
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Table B.1 (continued)

No.

Item

Description specified

2.3

Con

struction plan

The construction plan should have the following components:

— planning documentation, including calculations
— scheduled dates (milestones)

— list of major risks

— planning options, including an assessment of their advantages and

disadvamntages
— overview of maintenance requirements
— overview of degree of flexibility
— listing of redundant capacities

— quality plan

Cled

nroom

The planning of the cleanroom should take into consideration the following ite

— cleanroom concept

— requirements regarding product quality

— capital investment and cost of operation (consequential, lifetime costs)
— energy consumption, energy-saving'measures

— safety

— health and well-being of the personnel

— requirements and lirhitations set by equipment or procedures

— reliability, ease.6foperation and maintenance

— environmental issues (such as waste management and packaging)

— requirements imposed by authorities

ns:

Lay
roo

but of a clean-
n installation

When planning the layout, the following items should be taken into considerat

—(.Size

— siting of workplace and organization

— associated areas and adjacent cleanrooms

— media supply and preparation and, if required, disposal

— vacuum cleaning system

— sprinkler systems

— communication systems

— glazing

— access for personnel and materials (airlocks, if required)
— changing rooms (changing procedures, equipment)

— technical areas and accessibility for maintenance

— emergency exits

42
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system design

Table B.1 (continued)
No. Item Description specified
5 Selection of mate-  |Materials should be selected to match the requirements of the project. In particular,
rials for interior the following items should be taken into consideration:
congtructlon and — cleanliness class
equipment
— effects of abrasion and shocks
— cleaning and disinfection techniques and frequency
- L}lclllibdl Ul lllil.l U‘UiU}UsiLdl iuf}ucuu-:a dlld CUI'l UbiU“
— mechanical or physical strength
— reduction of electrostatic charging and discharging
— interior furnishing, durability and maintainability,
— smooth, impervious and crevice-free
6 Ensuring air supply |Air filter systems should be selected in accordance with the required|cleanliness
cleanliness class. Filter standards that apply as appropriate-are EN 1822-1 and 1S0[29463-1.
Three basic stages of particulate air filtration are recommended:
— outdoor-air pre-filters, ensuring sSufficient quality of supply air|to the air-
conditioning system
— secondary filters in the airk¢conditioning system for protecting final filters and
chemical absorption filtéryrequirements
— final filters: HEPA of\ULPA filter requirements
7 Interfaces to pro- The interfaces to other’parties involved in planning the overall projedt should be
cess planning defined by appropriate means. These may be:
— component data sheets
— room data sheets
— «Uhit specifications
—~ detail drawings
8 Ventilation system, )| Design of the ventilation system in the cleanroom:
design — system layout and process and instrumentation diagram (P&ID)
— room and system ventilation list (outdoor air, supply air, exhaust|air, extract
air, leakage air, overflow air)
— climate and flow pressure cascade controls
— functional design specification
9 Design parameters
9.1 Air supply — air volume flow rate, airflow velocity and uniformity of airflow velocity (in
case of UDAF)
9.2 Air distribution — design of the air distribution system in the cleanroom

number and location of air inlets
type of air diffusers

position of air exhausts and returns

temperature difference between incoming and room air

© IS0 2022 - All rights reserved
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Table B.1 (continued)

No. |Item Description specified
9.3 Flow or pressure — permitted directional flow
cascade

— clean areas (outward flow with respect to adjacent less-clean areas)
— containment (inward flow with respect to adjacent less-hazardous areas)

— pressure differential, including tolerance with respect to adjacent rooms and
ambient

— instrumentation

— alarms

9.4 Moritoring and — real-time online monitoring of conditions in critical zones

confrols
— automatic controls of room environmental conditions

— building management system (BMS)

10 Performance param-|— airflow rates
etet|s
— outside and/or make-up air proportions
— flow or pressure cascade

— filter ratings or grades

— AHU system pressures

— classification

— other cleanliness attributes

— recovery rate or recevery time

— temperature-and humidity

— noise

— lighting

— _power consumption (operational and turn-down modes)

11 Desjgn verification |Verification should be made to ensure that design and planning fulfils the requiire-
ments and includes as a minimum:

— cleanroom concept
— description of the installation

— design drawing of the units

— plans, layout, drawing, PRI [process and Instrumentation) diagrams

— integration of all other agreed systems and functionality
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Annex C
(informative)

Guidance on construction

Construction-and asscemblv ofan inctallation
CORSHFUEH A adsSsemn by o3-St H1aHoR

1 General

struction and assembly of an installation should conform with the information,and detat
he specifications, drawings and the agreed construction plan. Any changes required
truction phase should be managed by a documented change control procedure th

r to implementation.

struction and assembly activities should follow a documented atd agreed sequence and

bssary in the construction area.

quality of the completed cleanroom, including all‘€xposed surface finishes, should be
sideration should be given to preparing or referéncing samples of all critical finishing
hs a benchmark for inspection and approval of cempleted works, since these will have a
act on the ability of the installation to achieve the required performance throughout th
allation.

E Annex C only considers cleanroom contamination-control-related aspects of constj

pllation assembly. Other matters conCerning health and safety, fire precautions, personnel
ene, planning and building controls and other regulatory approvals can also be addressed.

2 Material management during construction

1ld be appropriatelysxmanufactured, packed, transported, stored, protected and inspeq
to ensure their suitability.

following pgints should also be considered:
approvéd materials should be clearly labelled and be segregated from unapproved mate

ar€as for storage of acceptable and unacceptable or non-conforming materials should

Is included
during the
ht includes

bssment of technical, cost and schedule implications. Changes should be reviewed and approved

schedule.

cedures to control the entry of unauthorised personnelsand a pest control programine may be

approved.
 details to
significant
b life of the

uction and
velfare and

Components and materials used in the construction and subsequent maintenance of the jnstallation

ted before

rials;

be clearly

identified to avoid mix-ups;

rejected, damaged or incorrect materials should be removed as soon as possible.

This guidance can also be applied to locations where materials are manufactured, prepared and stored
off-site.

For

C.1.

C.1.

further information see C.2.

3 Construction of ceilings, walls and floors

3.1 Basicrequirements

The selection of construction technique, choice of materials and effectiveness of the design details are
all intended to ensure finishes are fit for purpose by being smooth, crevice-, crack- and cavity-free, laid
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