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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 wit
Commissio

Internationd

Draft Intern
Publication

Attention is|
patent right

SO, alS0 1ake part I the WOrk. 1S5S0 collaborates closely WIth the mternatonal Electrqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the member.bodies casting

drawn to the possibility that some of the elements of this part of 1ISO.14644 may be the s
5. ISO shall not be held responsible for identifying any or all such patent-rights.

technical

Dr voting.
h vote.

ubject of

Internationgl Standard SO 14644-4 was prepared by Technical Comfnittee ISO/TC 209, Cleanropms and
associated fontrolled environments.

ISO 14644 | consists of the following parts, under the general .title Cleanrooms and associated ¢ontrolled
environments:

— Part 1:|Classification of air cleanliness

— Part 2:[Specifications for testing and monitoring to_prove continued compliance with ISO 14644-1

— Part 3:|Metrology and test methods

— Part 4:|Design, construction and start-up

— Part 5:|Operations

— Part 6:[Vocabulary

— Part 7:[Separative enclosures (clean air hoods, glove boxes, isolators, mini-environments)

Users should note that.the titles listed for parts 3 and 5 to 7 are working titles at the time of the release of part 4. In
the event that one_er”more of these parts are deleted from the work programme, the remaining part§ may be
renumberedl.

Annexes A ko-H of this p:\rf of 1SO 14644 are for infarmation nnly_
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Introduction

Cleanrooms and associated controlled environments provide for the control of airborne particulate 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 and healthcare.

This par{ of ISO 14644 specifies the requirements for the design and construction of cleanroom fagcilities. It is
intended|for use by purchasers, suppliers and designers of cleanroom installations and provides a g¢heck list of
important parameters of performance. Construction guidance is provided, including requirements for start-up and
qualificatjon. Basic elements of design and construction needed to ensure continued satisfactory operation are
identified through the consideration of relevant aspects of operation and maintenance.

This partfof ISO 14644 is one of a series of standards concerned with cleanrooms and associated subjjects. Many
factors besides design, construction and start-up should be considered in the opération and control of cleanrooms
and othef controlled environments. These are covered in some detail in othernternational Standards prepared by
ISO/TC 309.

© ISO 2001 — All rights reserved \
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Cleanrooms and associated controlled environments

Part 4:
Design, construction and start-up

1

This part
not pres
purchasg
performa
elements
consideration of relevant aspects of operation and maintenance.

NOTE
provide c(

Applicati

2

The follo
this part
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user
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Zong

rega
cong

Nor

pe

ribe specific technological or contractual means to meet these requirements. It is intended
rs, suppliers and designers of cleanroom installations and provides a checklist of important p3
nce. Construction guidance is provided, including requirements for~start-up and qualifica
of design and construction needed to ensure continued satisfactofy operation are identified

Further guidance in respect of the above requirements is given<n annexes A to H. Other parts of IS
mplementary information.

bn of this part of ISO 14644 is restricted in the followin@:
requirements are represented by purchaser or spéecifier;

ific processes to be accommodated in the Cleanroom installation are not specified,;

Id be respected;

ess media and utility services,are only considered with respect to their routing between and in
s of cleanliness;

rding initial operation” and maintenance, only cleanroom construction-specific require
idered.
mative‘teferences

vingwnormative documents contain provisions which, through reference in this text, constitute p

of ISO 14644 specifies requirements for the design and construction of cleagroom installatiopns but does

for use by
rameters of
ation. Basic
through the

D 14644 may

And safety regulations are not considered specifically; the appropriate national and local requirements

he different

ments are

rovisions of

Df1SO 14644. For dated references, subsequent amendments to, or revisions of, any of these

ublications

do not apply. However, parties to agreements based on this part of ISO 14644 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain
registers of currently valid International Standards.

ISO 14644-1:1999, Cleanrooms and associated controlled environments — Part 1: Classification of air cleanliness.

ISO 14644-2:2000, Cleanrooms and associated controlled environments — Part 2: Specifications for testing and
monitoring to prove continued compliance with ISO 14644-1.
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ISO 14644-3:— D, Cleanrooms and associated controlled environments — Part 3: Metrology and test methods.

ISO 14698-
Part 1: Gen

ISO 14698-
Part 2: Eval

ISO 14698-

1:— 1, Cleanrooms and associated controlled environments — Biocontamination control —
eral principles

2:— 1), Cleanrooms and associated controlled environments — Biocontamination control —
uation and interpretation of biocontamination data.

3:— 1), Cleanrooms and associated controlled environements —

Biocontamination control —

Part 3: Measurement of the efficiency of processes of cleaning and/or disinfection of inert surfaces bearing
biocontaminated wet soiling or biofilms.

3 Term

5 and definitions

For the purposes of this part of ISO 14644, the terms and definitions given in ISO 14644-1 andthe followin

3.1
changing 1|
room wher§

3.2
clean air d
stand-along

3.3

cleanlinesg
condition of
NOTE (

3.4

bom
people using a cleanroom may change into, or out of, cleanroom apparel

bvice
equipment for treating and distributing clean air to achieve defined environmental conditions

a product, surface, device, gas, fluid, etc. with a defined level of contamination

Contamination can be particulate, non-particulate,-biological, molecular or of other consistency.

commissigning

planned arn
installation

35
contamina
any patrticul

3.6
non-unidir
air distributi

3.7
particle

d documented series of inspections, adjustments and tests carried out systematically tg
nto correct technical operationsas specified

Nt
ate, molecular, non-particulate and biological entity that can adversely affect the product or pro

pctional airflow
pon wherethe supply air entering the clean zone mixes with the internal air by means of inductig

g apply.

set the

cess

minute pie

Aaf aattar anth dAafinad shvcioal hayindaring
o

NOTE

3.8
pre-filter

OtC TV It T O C e U oy STCTT 0o aT o S

For classification purposes refer to ISO 14644-1.

air filter fitted upstream of another filter to reduce the challenge on that filter

1

To be published.
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3.9
process core
location at which the process and the interaction between the environment and the process occurs

3.10
start-up
act of preparing and bringing an installation into active service, including all systems

EXAMPLE Systems may include procedures, training requirements, infrastructure, support services, statutory under-
takings requirements.

3.11
unidirectional airflow
controllegl airflow through the entire cross-section of a clean zone with a steady velocity and approximdtely parallel
streamlines

NOTE This type of airflow results in a directed transport of particles from the clean zone.

4 Requirements

4.1 The parameters listed in 4.2 to 4.18 shall be defined and agreed betwéen purchaser and supplier
NOTE In the requirements stated below, references are made to annexes A/to H which are for information only.
4.2  The number, edition and date of publication of this part of ISO 14644 shall be given.

4.3 The role of other relevant parties to the project (e.gxgonsultants, designers, regulatory authorities, service
organizations) shall be established (see examples in annex:C).

4.4  The general purpose for which the cleanroom-isto be used, the operations to be carried out thergin and any
constraint imposed by the operating requirements (see examples in annexes A, B and D).

4.5 The required airborne particulate cleanliness class or demands for cleanliness in accordange with the
relevant |International Standard (ISO 14644-1, 1SO 14698-1, ISO 14698-2 and 1SO 14698-3) (see gxamples in
annex B)\

4.6 The critical environmental parameters, including their specified set points, alert and action levels to be
measurefl to ensure compliance, together with the measurement methods to be used, including calibration
(ISO 146044-2 and ISO 14644-3) (see examples in annex F).

4.7 The contamination*control concept, including installation, operating and performance criteria, to| be used to
achieve the required'cleanliness level (see examples in annex A).

4.8 The methods of measurement, control, monitoring and documentation required to meet the [parameters
agreed (seg’examples in annexes C and F).

4.9 The entry or exit of equipment, apparatus, supplies and personnel required to support the installation (see
examples in annex D).

4.10 The specified occupancy states selected from "as-built", "at-rest" and "operational" under which the required
parameters shall be achieved and maintained including variations with time, and the methods of control (see
examples in annex C).

4.11 The layout and configuration of the installation (see examples in annex D).

4.12 Critical dimensions and mass restrictions, including those related to available space (see examples in
annex D).

© ISO 2001 - All rights reserved 3
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4.13

4.14

4.15

4.16

The process equipment list with utility requirements (see examples in annexes D, E and H).

The maintenance requirements of the installation (see examples in annexes D and E).

The process and product requirements that affect the installation (see examples in annexes B and G).

The assignment of tasks for the preparation, approval, execution, supervision, documentation, statement of

criteria, basis of design, detailed design, construction, testing, commissioning and qualification (including the
performance and witnessing) of tests (see examples in annexes E and G).

4.17 The identification and evaluation of external environmental influences (see examples in annex H).

4.18 Addit

5 Plann
5.1 Plan
511 Ap
requiremen
512 In(
include the
5.1.3 Div

control syst

timescéale evaluation;

onal information required by the particular application (see examples in annex H).

ing and design

ning procedure

roject plan shall be developed, in consultation with the user and all other involved parties, to g
s of the products, the processes and the scope of the installation.

rder to determine the needs of an installation, a process edquipment list shall be compiled,
critical requirements for each piece of process equipment.

brsity factors shall be defined, considering peak and average demand for each utility and envir,
em.

system may include multiple subsystems which reguire individual diversity-factor determination.
ontamination control concept shall be developed for each zone of an installation (see exd

specifications as defined in clause’4 shall be reviewed and refined based on financial and
S.

project plan shall includé_the following elements:
documentation with'stpport calculations;

aluation;

ne-o6f anticipated project complications;

efine the

and shall

pnmental

mples in

imescale

NOTE A
514 A(
annex A).
5.1.5 The
requiremen
5.1.6 The
a) design
b) cost eV
c)
d) anoutl
e) design
f)
9)
h)
i)
)
4

options with records of advantages and disadvantages and any recommendations;

a review of maintenance requirements of the installation;

a review of the degree of flexibility to be included in the installation;
a review of the stand-by capacities to be included in the installation;
a review of the constructability of the design of the installation;

a quality plan.
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The use of a quality system, such as the ISO 9000 family of international standards (e.g. ISO 9000 and

ISO 9001), should be considered, in conjunction with industry-specific quality assurance strategies.
5.1.7 The completed project plan shall be reviewed and agreed upon between purchaser and supplier.
5.2 Design
5.2.1 The design shall accommodate all of the relevant product and process requirements in conjunction with the
selected contamination control concept (see examples in annex A).
5.2.2 he plll’{‘h',‘!eﬂl’ and ellpplinr shall fr\rmally nr\r\npf thao rlneign n-accordance with prnﬂnfnrminnd acceptance
criteria.
5.2.3 The design shall conform to an agreed list of requirements, such as building, environmentall and safety
regulations, good manufacturing practice guidelines (e.g. ISO 14001 and ISO 14004).
The design should be reviewed at periodic stages of development, including final completion, to ensure{compliance
with the gpecifications and the acceptance criteria.
6 Construction and start-up
6.1 Cdnstruction of an installation shall comply with the drawings and.specifications.
6.2 Any changes required during the course of construction.shall be checked for acceptance, approved and
documerijted prior to implementation of the change in accordange with a change control procedure.
6.3 Canstruction work, whether performed at a manufacturing location or in situ, shall observe the specific
contaminfation control requirements of the quality plan.
6.4 A glean construction protocol and cleaning<procedures shall be developed as part of the quality plan and
enforced|to achieve the specified contaminationteontrol requirements. Security and access control is |essential to
maintain [the clean construction protocol.
6.5 The cleaning methods and methods to determine and approve the achieved cleanliness shall be gefined and
documerted in the quality plan.
6.6 The cleaning of the air(systems shall be specified and shall be carried out at assembly, Qefore initial
operatior) and whenever rebuifding work, repair work and maintenance work are performed.
6.7 Inthe case of start=up of new installations or re-starting existing installations after repair or modif|cation, final
cleaning |of the cleanroom is necessary and provisions shall be made for the removal of adherent, jmported or
released|contamipation.
6.8 Beforetcommencing any operational activities, the complete and satisfactory function of the instgllation shall
be determined by tests carried out in accordance with clause 7.
NOTE In the case of packaged units, such as clean air devices, a manufacturer's certificate of compliance with the

requirements of this part of ISO 14644 may be sufficient, provided that the supplier is qualified (i.e. knowledgeable of or
competent in cleanroom requirements) and the risk of damage during transport, storage and installation can be controlled
adequately.

6.9 During acceptance testing, commissioning and initial operation, the personnel in charge of the installation
shall be trained. Testing, approval of the installation and training shall include all relevant practices for proper
cleanroom operation, maintenance and in-process control. The responsibility for providing training shall be defined.

When training is carried out, all relevant persons such as operators, maintenance and service personnel should be
included.

© ISO 2001 - All rights reserved
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7 Testing and approval

7.1 General

During and upon completion of the construction of an installation, an agreed series of documented tests shall be
specified and undertaken prior to operational use of the installation. Annex C gives examples of the design, testing
and approval processes.

7.2 Construction approval

A systemat
part of the i

7.3 Fund

A series off
together to

7.4 Opel

A series of

required "operational”" performance with the specified process or activity functioning, and with the specifie

of personne

8 Docu

8.1 Geng
Details of
procedures
up, operatid

Such perso

8.2 Recq

Details of th

c range of inspections, adjustments, measurements and tests shall be carried out to ensure
nstallation complies with the design requirements.

tional approval

tests and measurements shall be carried out to determine that all parts of/the installation
hchieve the required conditions in the "as-built” or "at-rest” states.

ational approval
tests and measurements shall be carried out to determine that’thé” complete installation ach

| present working in the agreed manner.

mentation

bral

h completed installation (including instrumentation calibration) and all operation and mai
shall be documented. Documents shall be made readily available to all personnel responsible
n and maintenance of the installation.

nnel should fully understand-the documentation.

rd of an installation
e completed installation shall be provided and shall contain:

iption of the-installation and its function;

f
clause
installagiormand achieved during the commissioning, testing and start-up procedures;

finalSand approved performance test data, derived from the tests carried out in accorda
of this part of 1ISO 14644, recording the values of all conditions defined in the specificatig

hat each

operate

eves the
il number

ntenance
for start-

nce with
n for the

completed and approved "as-built" installation and its components;

a) adesc
b) a set
c)
d)

a list of parts and equipment and any recommendation for stocking spare parts.

8.3 Operational instructions

a set of drawings, diagrams (e.g. layout of wiring, piping and instrumentation) and specifications describing the

Each installation or system shall be provided with a clear set of operating instructions. Such operating instructions
shall contain:

a) schedu

les of checks and inspections to be completed prior to the start-up of an installation;
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b) schedules of the acceptance range of the critical performance parameters specified,;
c) procedures to start and stop the installation under normal and failure mode situations;

d) procedures to be adopted in the event of alert or action levels being reached.

8.4 Instructions for performance monitoring

Performance-monitoring of an installation is essential to demonstrate satisfactory operation. Documentation shall
include:

a) test pnd measurement frequency;
b) desqription of test and measurement methods, (or reference to standards and guidelines);
c) actign plan in the event of hon-compliance;

d) fregliency required for assembly, analysis and retention of performance data to e€nable trends to be|analysed.

8.5 Maintenance instructions
Maintengnce shall be implemented in accordance with a specified method.and programme.

Maintengnce and repairs shall be carried out during the construction,»"commissioning, testing, start-up (and normal
operatior of an installation. The following items shall be considered;

a) definition of safety procedures prior to carrying out maintenance or repairs;

b) spedification of maintenance actions to be taken‘when the acceptance range of any critical gerformance
parameter is exceeded;

c) agreed definition of permitted adjustments;

d) methods of making permitted adjustments;

e) methods of checking and calibrating control, safety and monitoring devices;

f) requirements for checking ‘and replacing all wearing parts (e.g. driving belts, bearings, filters);
g) spedification for cleaning of the installation or components prior to, during and after maintenance work;
h) definition of actigns, procedures and tests required after maintenance is completed;

i) inclusion ef,any user-specific or relevant regulatory authority requirements.

8 6 M4 mtananca racaord
. ATt T T ToooTo

A documented record of any maintenance carried out upon the installation during construction, commissioning and
start-up shall be maintained. The following items shall form part of the record:

a) definition of the maintenance tasks;
b) identification and approval of personnel undertaking the maintenance;
c) date of carrying out the maintenance;

d) a condition report prior to undertaking the maintenance;

© 1SO 2001 - All rights reserved 7
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e) alist of spare parts used,;

f)

8.7 Record of operation and maintenance training

a report upon completion of the maintenance.

A documented record of training shall be maintained. The following items shall form part of the record:

a)
b)
c)
d)

definition of the training content;

identiﬂr\c\finn of narcaonnalnrovidina-and-racandnatha traimino:
SO P eSO e proviemgaarecervmge—tamm

training

a repoft upon each period of training as it is completed.

date and duration;

I
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Control and segregation concepts

A.1 Contamination control zones

For econ
of lower
the minin
contamin
material

Figure A
regarded

omic, technical and operational reasons, clean zones are often enclosed or surrounded By, fU
Cleanliness classification. This can allow the zones with the highest cleanliness demands-to bg
hum size. Movement of material and personnel between adjacent clean zones gives.fise td

ation transfer, therefore special attention should be paid to the detailed layout7and man
hnd personnel flow.

rther zones
reduced to
the risk of
agement of

1 illustrates an example of a contamination control concept. In this configuration, the clean zope would be
as a more stringently controlled portion of the cleanroom.

(

Outdoor environment )

7/////////////////////////////// /,7//

7

Ancillary area(s)

i Cleanroom(s)

.

Personnel movement

Personnel movement

( Cléan “zone(s) )

”~ T~ A
Materi porf >' Process core ) | Final product transp

s

>

Figure A.1 — Shell-like contamination control concept
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A.2 Airflow patterns

A.2.1 Cleanroom airflow patterns can be categorized as either unidirectional or non-unidirectional. When a
combination of the two is used it is frequently called mixed airflow. Airflow patterns for cleanrooms of ISO Class 5
and cleaner in operation are often unidirectional, while non-unidirectional and mixed flow is typical for cleanrooms
of ISO Class 6 and less clean in operation.

A.2.2 Unidirectional airflow may be either vertical or horizontal (see Figure A.2). Both types of unidirectional
airflow rely upon a final filtered air supply and air return inlets which are nearly opposite one another in order to
maintain the airstream in as straight a flow pattern as possible. In both designs, the important design feature is the

ability to en

sure that the airflow pattern is disrupted as little as possible at the process core.

In a worki
horizontally|
horizontal

control con
upstream. R

A.2.3 Inn
across the
throughout
important fd
taken to a
cleanliness

the deploynpent of decontamination procedures). While return air locations in non-unidirectional airflow sys
al as those in unidirectional applications, care should be\taken to distribute the returns, as is glone with

not as critic
the supplieqg

A.2.4 MiX

g

4

NOTE
techniques.

Figure A.2
considered

}

integrated or distributed processes require vertical airflow and vertically integrated processe

itions, because working positions downstream of these positions may be subject to<particles d
ersonnel placement should be therefore downstream of clean processing.

on-unidirectional airflow cleanrooms, air flows from filter outlets located jn\multiple positions d
nlet plane and is returned through remote locations. Filter outlets may -be-“distributed at equal
the cleanroom or clean zone or grouped over the process cores.\The location of filter

r the cleanroom performance. The final filter location may be remote) but special precautions 3
oid contamination ingress between these filters and the cleanroom (e.g. monitoring of thg
and airtightness of ventilation ducts and supply air inlets to ayveid induction of contamination g
, to minimize dead zones within the cleanroom.

ed-airflow cleanrooms combine both unidirectionakhand non-unidirectional airflow in the same r

ome special designs are available that provide protection to specific working zones by other manag

pives examples that illustrate the~different airflow patterns in cleanrooms. (Thermal effects

g plane perpendicular to the clean airflow, all positions offer the same cleanliness-level.

Hence,
s require

irflow. Working positions immediately adjacent to the clean air supply offer optimal contamination

enerated

istributed
intervals
putlets is
hould be
e surface
s well as
tems are

pom.

ed airflow

5 are not

10

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=33a90ebfd6e725e2a36fac7f8b76d118

ISO 14644-4:2001(E)

— 2
=1
- -

/ "2

L, 1/?‘%

b) Non-unidirectional airflow

¢) Mixed airflow
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Figure A.2 — Airflow patterns in cleanrooms
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A.3 Disturbance of unidirectional airflow

In unidirectional airflow cleanrooms, the design of physical obstacles such as the process equipment, and the
operating procedures, personnel movements and product handling, should consider basic aerodynamic
requirements to prevent serious turbulence in the vicinity of the contamination-sensitive activity. Appropriate
measures should be taken to avoid flow disturbances and cross-contamination between different work stations.

Figure A.3 shows the influence of physical obstacles (on the left) and appropriate measures for minimizing the
impact of these (on the right).

Clowv obotanlac oo icina Adiatoaantc +o oo ant and ol oy
oYW OO StTaCTeS Caus™Y oSt eSO e up i trranto ety oorT

a flow disturbance

bt

to improve airflow

P bod
-HT

i

J

a)

Improvement by

alrangement

I T U T T U I T
N
I [‘.‘]

b) Improvement by structure

bbddd
c) Improvement by personnel behaviour

a

b DA ]
& N

ﬁ J M\

a) 1mmproverierit 0y ATHTOW concept

Key
1  Heat source

&  Local increase in air velocity.

Figure A.3 — Influence of personnel and objects on unidirectional airflow
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A.4 Contamination control concepts

To select the proper technique for a given contamination control problem, Figures A.4 and A.5 show some different
contamination control concepts that may be considered.

The transfer of contaminants into a zone protecting a process and/or personnel can be prevented by using
aerodynamic measures, i.e. by arrangement and flow direction (Figure A.4), or by physical barriers, i.e. by both

active and passive isolation (Figure A.5), if any contact between product and operator/environment is to be
prevented.

If necessary, process exhaust should be treated to prevent contamination of outdoor environment

Horizontal flow Vertical flow

a) Product protection

c) Personnel/product/environmental protection

Key
1  Flowldirection‘perpendicular to graphic plane

NOTE n particular cases (e.g. dry atmosphere, shielding and protecting gas or exireme temperatures), the gas flow routing
chosen should be adapted to the process.

Figure A.4 — Contamination control concepts using aerodynamic measures

© 1SO 2001 - All rights reserved 13


https://standardsiso.com/api/?name=33a90ebfd6e725e2a36fac7f8b76d118

ISO 14644-4:2001(E)

Key
1

2 Product]

Figure

A.5 Conq

A.5.1 Gerj

A suite of
objective of

Airflow/Active system

Passive system

2

Personnel safety zone

protection zone
A\.5 — Contamination control concepts using physical segregation for product and persd

protection

cepts to achieve segregation of cleanrooms and clean zones

eral

Cleanrooms can consist of multiple rooms with different\requirements for contamination cor
the design can be to protect the product or process,,or to contain the product, and in somg

combination of these requirements. In order to protect cleanrgoms from contamination from adjacent Iq

spaces, the
controlling §
to the less
barrier can

The quantit]
from the bo

The followi
cleanroom

A.5.2 Dis

A low pres
turbulent "d

cleanroom should be maintained at a higher stati¢ pressure than the adjacent spaces, or alter
ir velocity should be established across the leakage paths between the spaces flowing from th
clean space.The converse can be applied teicontain a hazard. In both cases, an impervious
be used as an alternative.

Lindary of the cleanrooms or clean‘zenes and any exhaust air for other purposes.

hg comparison of three basic concepts has been prepared to facilitate the selection of g
Dr clean zone segregation concept.

placement concept/(low pressure differential, high airflow)

bure differential_can effectively separate clean and less clean adjacent zones, i.e. by means
splacementairflow, e.g. larger than 0,2 m/s (see Figure A.6).

nnel

trol. The
cases a
bSs clean
hatively a
e cleaner
physical

y of make-up air should be sufficientfor ventilation purposes and to compensate for the leakage of air

suitable

of a low

Vi, > 0,2 m/s

i

Figure A.6 — Displacement concept

Displacement airflow velocity should be typically above 0,2 m/s, from the cleaner zones towards the less clean
zones. The necessary airflow velocity should be selected considering important conditions such as physical
obstacles, heat sources, exhausts and contamination sources.
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A pressure differential exists across the barrier between the cleaner zone towards the less clean zone. A high
pressure differential between adjacent zones can be easily controlled but care is recommended to avoid
unacceptable turbulence (see Figure A.7).

The pressure differential should be of sufficient magnitude and stable to prevent reversal of airflow direction from
that intended. The pressure differential concept should be carefully considered, whether used alone or in
combination with other contamination control techniques and concepts.

The pressure_differential between adjacent cleanrooms or _clean zones of different cleanliness level should lie

typically
turbulendg

The stat
establish
passive/l
from eac

n the range of 5 Pa to 20 Pa, to allow doors to be opened and to avoid unintended cross-f
e.

ed and maintained using various airflow balancing techniques. These include both<active/aut
hanual systems that are configured to adjust the relative quantities of air that @re*delivered a
N space by the ducted air system, air transfer system and losses.

In situatipns when pressure differentials at the lower end of this range are accepted, special precaution

taken to

bnsure accurate measurement of separating flow or pressure and to prove the stability of the in

NOTE Flow visualization, either experimentally or by computation, can be.used to demonstrate both the eff
the displagement flow concept and the pressure differential concept.
[ I ()
=
Q,
<
Ap=5Pato 20 Pa
Figure A.7 — High pressure differential concept
A.5.4 Physical barrier concept
This congept involves the useof an impervious barrier to prevent contamination transfer to a clean zone
clean zofe.
NOTE All three conéepts can be applied in the healthcare products, semiconductor, food and other industries.

ows due to

c pressure between cleanrooms of different class, and cleanrooms and unclassified argas can be

bmated and
nd removed

s should be

stallation.

pctiveness of

from a less
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B.1 Heal

Annex B
(informative)

Classification examples

thcare products

For the marLufacture of healthcare products, a frequently used correlation of typical manufacturing applications and

cleanroom
aseptic ass

To access
cleanliness
cleanliness
entering. M
remove par,

the process core, both the personnel and the process materials traverse several shells of i
(decreasing particulate concentrations). Personnel moving between various Zenes of different
may change garments between zones, in accordance with the requirements: of the zone that
pterials that enter each zone should be treated in a method appropriate_to the level to be e
iculate and/or microbiological contamination.

Table B.1 — Cleanroom examples for aseptic processing\of healthcare products

classification levels is given (see Table B.1). At the process core, the sterile product is/filled through an
bmbly of components in a clean zone, controlled for particulate and microbiological cantamination.

creasing
levels of
they are
ntered to

NOTE 2 n

Air cleanliness class : Average,
(SO Class) At"f'ggv airflow Exaﬂ’cﬂﬁzn";
in operation & yp velocity® PP
m/s

5 (at = 0|5 um) u >0,2 Aseptic processingd

7 (at = 0]5um) N or M na Other processing zones directly supporting
aseptic processing

8 (at= 0|5 um) N or M na Support zones of aseptic processing,
including controlled preparation zones

NOTE 1 Application-specific classification requirements should take into account other relevant regulations.

p = not applicable

&  Occup
design con
b When

N = non-un

c

Aincy states assocCiated with the ISO Class should be defined and agreed in advance of establishing
jitions.

nirflow-type is listed, it represents the airflow characteristics for cleanrooms of that class: U = unidi
directional; M = mixed (combination of U and N).

optimum

ectional;

Avera

d

skl } gl T ls " 1 ) . I . I T ) .
AllmfiOwW VEITULILy TS UTE Wday tidal Urmaneiuuridlr aitiiuw T LIiealrmuulTis 1S usudily SPEUNICU.  TTTIE TEYUT

unidirectional airflow velocity will depend on specific application factors such as temperature, and configuration of the
controlled space and the items to be protected. Displacement airflow velocity should be typically above 0,2 m/s.

Where operator protection is required to ensure safe handling of hazardous materials, the use of segregation concepts
(see examples in annex A) or appropriate safety cabinets and devices should be considered.

ment on
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In the microelectronics industry, the minimum device feature size or film thickness dictates the target level of

contamin

ation control and the corresponding cleanliness class.

The cleanliness class with the lowest particle concentration is often selected with reference to the critical particle
size. The critical particle size (often assumed to be 1/10th of the minimum feature size) is used to help select the
required cleanliness classification for the cleanroom.

Determi

contamirn

For exan
probabilit
Accordin
protect p
humidity,

Work zo
potential
responss
productid
including
physical

Utility zd
located. |
process

Service
next to w

B.3 Inf

The num
emission

ple, photolithography is a process which involves exposure of wafers to the environment

ply, protection in microelectronics for this type of risk often involves the use of physical ba

ation of cleanroom-or clean zane cleanliness for different nrocess cores is hased unon the
Ll L

ation and the potential for device failure.

y of contamination and also a very high potential for device failure when contaminat

ocess cores in order to lower particle concentrations or alter other process partaineters (e.g. t
pressure).

nes are zones where wafers or die are handled by people and/or automated handling equipm
for contamination is high if the product is directly exposed to the*environment. The mg
s for the protection of the product within work zones involve unidirectional flow, minimizing ocd
n load per cubic meter of cleanroom, segregating personnél from exposed product(s)
barrier techniques. Work zones are most commonly separated from adjacent, less critical
barriers and airflow.

nes are zones where the non-operator interface portions of the wafer processing equipment
n the utility zones it is typical that work in progress’is'not exposed to the environment. The utili
tore is usually adjacent to its corresponding work-zone.

ones are zones where neither product nor process equipment are located, but service zon

uence of cleanroom clothing

per of personnel and the type of cleanroom clothing may require specific consideration with respe
(see relevant parts of thisyInternational Standard, e.g. ISO 14644-5).

ork or utility zones to help separate the ¢leaner zones from the less clean zone (see Table B.2).

probability of

with a high
on occurs.

rriers which
emperature,

bnt, and the
st common
upancy and
ncreasingly

zones, hy

are typically
Ly zone of a

pS are sited

Ct to particle
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Table B.2 — Examples for microelectronic cleanrooms

Air cleanliness irfl ir ch
classa A Average, airflow Air c anggs
i ity¢ Examples of applications
(ISO Class) Airflow type velocity per hour p pp
in operation
m/s m3/m2 . h
2 U 0,3t00,5 na Photolithography,
semiconductar Inrnr‘ncci']g
zone®
3 U 0,3t00,5 na Work zones, semicondugctor
processing zoné
4 U 0,3t00,5 na Work;zones, multilayer
masks processing,
fabrication of compact djscs,
sémiconductor service
zone, utility zones
5 U 0,2t0 0,5 na Work zones, multilayer
masks processing,
fabrication of compact djscs,
semiconductor service
zone, utility zones
6 N or Mmf na 70 to 160 Utility zones, multilayer
processing, semicondudtor
service zones
7 N or M na 30to 70 Service zones, surface
treatment
8 N or M na 10 to 20 Service zones
NOTE na = not applicable
&  Occupancy stateS.associated with the 1SO Class should be defined and agreed in advance of establishing optimim
design conglitions.
b When girflow type is listed, it represents the airflow characteristics for cleanrooms of that class: U = unidirectiond|;
N = non-un Airnr-finn::l; M —mivad (nnmhinafinn of lland I\I)'

€ Average airflow velocity is the way that unidirectional airflow in cleanrooms usually is specified. The requirement on
unidirectional airflow velocity will depend on local parameters such as geometry and thermals. It is not necessarily the
filter face velocity.

d A changes per hour is the way that non-unidirectional and mixed airflow is specified. The suggested air changes are
related to a room height of 3,0 meter.

€ Impervious barrier techniques should be considered.

f with effective separation between contamination source and zones to be protected. Could be a physical or airflow
barrier.
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Approval of an installation

C.1 Test preparation and final cleaning

Prior to
reach stability; this period of time should be agreed upon in advance. Tests should be of sufficient
demonst

Prior to t
walls, ce
classificgtion of the cleanroom.

Following
complian

C.2 Ins

C.21 G
In order

control rq
installatig

C22 G

A check
between

a)
b)
c)
d)

e)

-4:2001(E)

cont
layo
desd

sche

arrying out any inspection, test or measurement procedure, running systems should be(allo
ate consistent performance (see clause 4, and examples in annex H).
he fitting of filters and after cleaning as described in E.1.2/E.3.3 in annex E has-been complete

lings, floors and installed fittings should be cleaned to remove contamination: which could p

cleaning, the final filters should be fitted and the commissioning-tests conducted to ¢
ce.

pection, tests and approvals

eneral
fo demonstrate that an installation is complete’in every respect and performs to meet all cg

quirements included in clause 4, a specific range of inspections and tests should be carried g
n in question. Typical activities are identified in C.2.2 to C.2.5 and Figure C.1 for graphic repre

oncept and design approval

should be carried out to ensure that the concept, design, and developed details satisfy the
the purchaser and supplier{ Review should include at least:

Amination control concept;
it of equipment;
ription of therinstallation;

mes and drawings;

inco

ved time to
duration to

d, all ducts,
rejudice the

emonstrate

ntamination
ut upon the
sentation.

agreements

poration of all other agreed requirements.

C.2.3 Construction and installation approval

C.2.3.1 Construction approval (at supplier's site)

A check should be carried out to ensure that the components and assemblies comply with the design. The check
should include at least the following items:

a)

inspection and testing for completeness and quality according to specification;

© ISO 2001 - All rights reserved
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b) approval for compliance with safety regulations, ergonomic requirements, relevant guidelines and normative
regulations;

c) approval of certificates.

C.2.3.2 Installation approval (at the site of the installation)

A check should be carried out to ensure that the construction of the installation complies with the design. The check
should include in addition to C.2.3.1 at least the following items:

a) completeness of the installation;

b) interfages with other suppliers;

¢) correct|{function of utilities and auxiliary equipment;

d) calibration of all control, monitoring, warning and alarm systems;

e) fitting gnd in-situ testing of final filters;

f)  proving the reserve capacity of the air treatment system;

g) testinglenclosure for leakage;

h) confirn|ing that the proportion of recirculation to make-up air complies with the design specification;
i) surfacg cleanliness and suitability of the installation (see examples in annex E);

j) spare parts package.

C.2.4 Functional approval

After having completed the checks and approyals-according to C.2.3.2, at least the following functional tests should
be performed:

a) determjne clean zone segregation

b) measufe and record contamifation control recovery time;

c) determjne ability to maintain temperature and relative humidity requirements;
d) determjne airborne particulate cleanliness class;

e) where pppropriate, determine particulate surface cleanliness and microbiological contamination levels

f) determjne.light and noise levels;

g) demonstrate and record airflow patterns and air change rate if necessary.

C.2.5 Operational approval (equipment installed in a manner agreed in advance)

Certain of the previous tests may be repeated to determine compliance with the operational conditions, namely:
a) confirm clean zone segregation regime;

b) determine ability to maintain temperature and relative humidity;

c) determine airborne particulate cleanliness class;
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d) where appropriate, determine particulate surface cleanliness and microbiological contamination levels;

e) check the completeness of documentation according to clause 8.

For compliance-related issues, refer to 1SO 14644-2; for microbiological-related issues, refer to 1SO 14698-1,
ISO 14698-2 and ISO 14698-3; for testing-related issues and for operational-related issues, refer to other relevant

parts of this International Standard.

C.3 Reports

The repofts of the tests should be presented in a documented manual. This manual should include:
a) supplier's test documentation;

b) caligration certificates of instrumentation used;

c) releyant drawings and as-installed details;

d) witngssed verification of compliance with specification.
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Appr

oval stages

Classification
Occupancy state

Stages of development

of an installation healthcare installation

Qualification stages of

S

Design approval

Concepf design Concept qualification,

if necessary (prototyp

Design drawings

and specifications No formal classification

status during design—— Design qualification

e)

1 n b
dalta COTISTTatTion

Consfruction of
an installation

Congtruction
apprpval Complefed Installation
installation gualification
Functional Assemble equipment As-built
approval in situ
Favioped Functional 2
—| | tauiepe gualification of equipp
installation installation
Process and process
equipment in operation At-rest
as agreed
Performance qualificaf
. Fully operational of equipped installatig
Operational installation
appfoval Operational
Personnel( present and
process in* operation
&  Often used: operationalk

Figure C.1

indicates a logical sequence for and relationship between approvals, stages of developmen

Figure C.1 — Approval of an installation

[ and the

formal classification occupancy state of an installation. Terminology may vary in specific industries, through
established usage or regulatory requirement. Figure C.1 shows the qualification sequence frequently used in
healthcare industry applications, in relation to the stages of construction and approval.
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Layout of an installation
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neral considerations

ze

of a cleanroom should be kept to the minimum practicable, allowing for any futuré requirements. In
f a large amount of space is required, it should be divided into several zones or’rooms, with or without

barriers.

It is recognized that the presence of people, and activity, within a cleanroom ¢an generate both conta
e of airflow. Annex B provides examples of installation configurations to controf’these phenomena. Anne
tion control concepts in which airflow and the physical configuration of a workstation or other critical d
jed to obviate or minimize exchange of contamination between product and-its environment, including
proximity.

orkstation siting and organization

b cleanroom, critical workstations or areas of risk should be sited away from entries and exits,
ntal-flow cleanrooms, the siting of workstations should be such that the clean work whi
d receives clean air from the appropriate seurce, without flow disturbance or contamination fror

nts or adjacent work.

erations that require different degfees of cleanliness are to be carried out in an area swept b
onal airflow, less clean operations should be sited downstream of cleaner operations, insofar

hcillary areas and adjacent cleanrooms

ation should be given to the location and integration of ancillary areas such as service and utili

preparati
within th

speech panels andiintercoms), enclosure sealing (notably material joints, equipment and utility penetrat
be execyted sosthat cross-contamination from less clean zones does not compromise the cleaner zo
should combine with effective training and management of personnel behaviour to minimize disturbance
contamination*due to movement between ancillary areas and cleanrooms.

pn, toilet and.-fefreshment facilities, in order to avoid compromise of the critical conditions
cleanrooms{Pressure or flow differentials, access and communication arrangements (such

mination and
A discusses
screte areas
beople in the

major traffic

and other features which may cause disruption of the airflow pattern and higher levels of cont@mination.

th is to be
n personnel

y horizontal
AsS it can be

bd that this arrangement willL.net'‘compromise the maintaining of target conditions for any critical points.

y, cleaning,
maintained
as airlocks,
ons) should
nes. Layout
and cross-

D.14 U

D141

tility services and ancillary equipment

General

Utility services provided for the cleanroom should be designed, located and installed such that the cleanroom is not
compromised by contamination from such services.

In general, exposed piping, tubing and cable runs within the cleanroom should be minimized, as these may present
problems for adequate cleaning, and may be sources of damage by contact with cleanroom garments, wipes, etc.
This should be balanced against the potential for contamination within protective housings, covers, etc., which may
also hinder disinfection or fumigation. Where possible, consideration should be given to the routing of such services
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in external service areas or ducts. Means should be provided for the effective removal of waste and contamination
generated within such spaces.

Power take-off points, taps and connections should be designed and installed to facilitate regular cleaning, and to
avoid the build-up of contamination in or behind blanking covers. Wherever possible, maintenance activities should
be performed outside the cleanroom. Pressure or flow differentials, access arrangements (notably airlocks and
transfer hatches), enclosure sealing (notably material joints, equipment and utility penetrations) should be executed

so that cros

s-contamination from ancillary areas does not compromise the cleanroom.

The number, type and location of utility services should be agreed between the purchaser and supplier.

D.14.2 V,

Vacuume-clg
can be rem
reasonably

Where a p
cleanroom.
the vacuum

When portg
that filtering
the cleanro

D.143 S

Fire control
medium, w
potential so

When sprin
equipment
modificatior
released ab

Penetration
penetration
intrusion in

primary sa1l

undesirable

D.1.5 Con

Wherever ¢
and out of

hcuum-cleaning equipment

pved during periodic cleaning, and to ensure that contamination generated by any operation th
be conducted outside the cleanroom can be removed efficiently, and with appropriate frequenc

ermanent vacuum-cleaning system is provided, the exhaust and fan shoudld be sited ou
The connection sockets in the cleanroom should be blanked off when not in use. The airflov
chamber should not compromise the differential pressure or the airflow_eonfiguration of the cle

ble vacuum equipment is used, it should be fitted with an exhaust filter of at least the same effi
the environmental air supply, and care should be taken to censider the influence upon air p
hm.

prinkler systems

systems present special problems, notably in thesrouting of supply piping containing a fire suj
nether water, chemical substance or gas, whigh*is a potential contaminant of the cleanroon
Lrce of damage to the components of the installation, in the event of accidental or deliberate rej

kler piping is to run above ceilings, careful consideration should be given to its routing, in relat
hnd operations sited in the cleanrogm below. Adequate access should be provided for mainten
, and consideration should be given to provision of means to collect and evacuate fluid |
ove the ceiling.

of walls or ceilings for(supply to sprinkler points should be sealed as appropriate, like
5 of the cleanroom. Fhe. sprinkler heads themselves should be situated and shaped for
o the cleanroom, and;for minimal disturbance of clean airflow, insofar as this is compatible
ety function. Where disturbance is inevitable, appropriate measures should be taken to 4
effect upon the required integrity of the cleanroom conditions.

hmunication systems

ractical, communication systems should be provided in order to minimize movement of persq
he“cleanroom. Windows, speech panels, intercoms, data links and telephones are suitable

aning equipment, either portable or built-in, should be provided to ensure that particuldte contamination

At cannot
V.

tside the
through
anroom.

ciency as
ptterns in

pressant
s, and a
ease.

on to the
ance and
eaked or

all other
Mminimum
with their
void any

nnel into
means of

communication. They should be selected to be compatible with the cleanroom class and application considerations.

D.1.6 Glazing

Where windows to the outside are a requirement, care should be taken, in design and fitting, to avoid undue heat
loss, solar gain and condensation. The use of windows to adjoining inside spaces should be considered, to allow
observation of activity within the room, without entry. Windows should be non-opening and sealed. Double glazing
can be used to achieve flush fitting, and also enables provision of interstitial shutters or blinds. The use of exposed
blinds within a cleanroom should be avoided.
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Cess

eneral

The number of openings connecting the cleanroom to outside, or adjoining, areas should be minimized.

4:2001(E)

Effective means should be taken to minimize the contamination arising from the entry or exit of personnel or
material, or from air movement. Normal (non-emergency) access to or from the cleanroom should be through
airlocks for both personnel and material.

D.2.2 A

In order
transfer |

Precautig
simultang
Consider
indicator
Barrier 4

procedur
personng

D.23 E

Emergen
D.24 C

D.24.1

Changing rooms are specialized airlocks forthe entry and exit of personnel to and from a cleanroom.

include 9
removing
equipme

and exit o the cleanroom.

Separatipn of the personnelentering from those leaving the cleanroom via the changing room should

This can

Where h@zardous‘materials are processed, a separate changing and decontamination route should be ¢

D.2.4.2

rlocks

to maintain pressure differential and integrity of the controlled space during entry and-exit,
atches (pass-throughs) are normally required.

ns should be taken to ensure that entry and exit doors associated with an\airlock are
bously. Clear windows can be provided at both points to allow a line-ofssight view bet
ation should be given to the use of electrical or mechanical interlock-_systems including

p.

enches or other clear demarcation systems, together with appropriate decontamination d
s, should be employed within an airlock system for the passagé/of material. The passage of 1
| can be segregated.

mergency exits

cy exits should be provided with means to show that'they have been opened.
hanging rooms

General

ufficient space for their funetion, and, depending on the cleanroom quality, facilities for d

nt such as air showers, shoé cleaners and adhesive floor materials may be provided at the poir

be achieved by separation in time, or by providing physically separate entry and exit routes.

Changing room control and configuration

airlocks or

hot opened
veen them.
audio-visual

evices and
naterial and

'hey should
onning and

specialized garments, and may include washing, disinfection facilities, etc. Special contamination control

t(s) of entry

be ensured.

onsidered.

Changing rooms should be provided with a level of contamination control and environmental control that ensures
the integrity of the cleanroom. 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 of the changing room:

a) at the changing room entry: access from ancillary areas (either directly or via an airlock) appropriate 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;
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c) the inspection/access zone: area where inspection of the completed gowning process is accomplished and
which provides access to the cleanroom either directly or via an airlock.

The three functional zones may be separated by a physical barrier (e.g. a stepover bench or airlock) as appropriate
to the operation and use of the changing room. The three zones should be established, such that the zone closest
to the cleanroom provides a high degree of assurance, and that minimal adverse impact is caused by access or
gowning procedures implemented in the adjacent zone.

D.2.4.3 Facilities in changing rooms

The feature

s provided in the changing room are particular to the cleanroom that the changing room serves

The followir
— numbe|

— the go
single-

— the freq

Considerati
a) storage
b) storagg

protect
c) storagq
d) hand-w

e) promin

fy full-len

g requirements should be defined:
[ of people passing through the gowning procedure, both in the absolute, and at any one time;

vning procedure (i.e. what garments are to be taken off and put on, whethérthese are re
Ise, the required protocol to ensure garment cleanliness and to avoid cross-contamination);

uency of garment replacement.
bn should be given to the following provisions in the changing rogm:
and disposal of garments;

before use, provision and disposal of consumableitems and accessories (e.g. gloves
ve glasses, overshoes);

of personal items;
ashing and -drying or other decontamination processes;
ent display or posting of gowning seguence, with clear instructions;

hjth mirrors to check effective fit;

isable or

| masks,

26

© ISO 2001 - All rights reserved


https://standardsiso.com/api/?name=33a90ebfd6e725e2a36fac7f8b76d118

ISO 14644-4:2001(E)

Annex E
(informative)

Construction and materials

E.1 Selection of materials

E.1.1 General

The mategrials used in the construction of the installation should be selected and applied to meet:the reqliirements of
the instaljation, and should take into account the following:

a) the gleanliness class;

b) effegts of abrasion and impact;

c) cleaning and disinfection methods and frequencies;
d) chemical/microbiological attack and corrosion.

Materials| which may tend to break down or to shed particlesishould only be used when they ar¢ effectively
encapsulpted and protected.

Considerption should be given to the chemical compatibility’ of all materials used with the operating reqyirements of
the installation. This may, for instance, influence the .choice of adhesives and sealing mastics for surface-finishing
work, or ¢f materials used for filter assembly and sealing.

All surfages which come into contact with air.supplied to the interior of the cleanroom or clean zone may by their
nature ol condition influence the quality ofithe air supplied to the contamination-sensitive zones. For this reason,
materials| and finishes intended for theyinternal surfaces of the complete air-handling system should |be critically
assessed and specifically approved for.this purpose.

All exposed surfaces of equipment, furnishings and material present within the cleanroom or clean zone $hould meet
the samgq criteria as the exposed-structural elements of the installation.

Further detalls of specifie_performance criteria follow.

E.1.2 Sprface ¢leanliness and cleanability of materials of construction

All expodednaterials should be suitable for effective and frequent cleaning and disinfection, and offel] no surface
asperitieg 6rporosity which are likely to allow retention of particulate and chemical contamination, or the development
of microbiological contamination. Methods Tor Selecting, applying and controlling suitableé procedures for cleaning and
disinfection are indicated in ISO 14698-1 and ISO 14698-3, and other relevant parts of this International Standard.
Appropriate methods for assessing and monitoring surface cleanliness (for instance in terms of releasable particulate,
biological and chemical contamination) should be selected and approved for the application. Exposed materials
should be selected with due consideration of their resistance to the mechanical and chemical effects of the intended
methods of cleaning and disinfection, in order to remain smooth, non-porous, abrasion- and stain-resistant (see also
E.1.4 and E.3.3).

Walls, floors and ceilings in cleanrooms and in clean zones should be designed and constructed in such a way that
the surfaces are accessible for cleaning. In a room, this generally includes the walls, floors, ceilings and doors, the
inlet side of air diffusers and floor drain, etc. (see examples in annex G).
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When it is necessary to wipe down or wash walls, floors or ceilings on a frequent basis, consideration of the selection
of materials should include careful evaluation of the junction and intersection details, and in particular the avoidance of
places where moisture can be trapped or lie on surfaces.

E.1.3 Control of electrostatic charging and discharge

Accumulation of electrostatic charge, and subsequent electrostatic discharge, can present a risk of hazards 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.

Where the alibove risks cause concern, materials used in the construction of installations should neither_gen

hold a sign
specified by
order to mi
should be n)
conflict with
acceptable
to minimize

To protect
10" Q. Carel
a site trans
resistance H

The require
a floor, and
2 kV (applig
carried out

E.1.4 Inte

In the com
cracks, cav
cavities ang
kept to a mi
wall-to-wall
chemical ef

Materials u
qualities co
and repairs
selection cr

ificant static charge. This significant value will be specific to each application, and should
the purchaser. Certain processes may require particular conditions in terms of environmental hy
nimize the generation of electrostatic charge. Annex F provides further guidance onthis tec

other requirements of the process, or project objectives. A solution should be agreed, which ac
compromise. Certain applications may require the use of conductive or static disSipative material
the influence of any induced static charge.

plectrostatically sensitive components the resistance to earth should, be in the range of Rz =
should be taken to protect the personnel against risk of electrocution.-Earthing should be consid
tion resistance Rgr =5 x 10 Q. The "ideal" range of resistange.is therefore between the site
st =5 x 10* Q and the mass resistance Rg = 10" Q.

d electrical characteristics for flooring are valid for the entire structure or composite of materials
should be measured regularly to monitor potential lo§s of performance through ageing. Limit
able to accumulated surface charge) should not be‘exceeded. Monitoring of wall conductivity 9
egularly and after modifications or repairs.

rnal finishes, durability and maintainability

bleted installation, all internal surfaces-should be finished suitably smooth, non-porous and
ties, steps and ledges. The desigh-and construction should be such that the number of steps
similar features where contamination could collect is minimized. The number of corners shoul
himum, particularly internal eofners. Corners and junctions may be radiused, especially at floor-tg
unctions, so that effective cleaning is facilitated. The finish should be compatible with the mecha
ects of the intended methods of cleaning and disinfection.

bed for internal finishes should be maintained to ensure that they consistently retain the per
nsistent with the cleanliness class of the installation. This may require regular maintenance p
Consideration, 0f maintenance and repair methods and disruption impact should form part of th
teria. Fulldifecycle cost and contamination risk analysis procedures should be considered.

erate nor
e clearly
midity, in
hnique. It

pted that the most favourable humidity conditions for avoidance of electrostatic charge accumulation may

nieves an
5 in order

10 Q to
bred, with
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values of
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H also be
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nical and
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ocedures
material

E.2 Cong

siderations for specific components

E.2.1 Ceil

E211 B

ings, walls and floors

asic requirements

Wall, ceiling and floor elements should comply with all relevant regulations concerning fire protection, sound and
thermal insulation. Surface finish and assembly details should be compatible with the specified cleaning methods. In
order to avoid glare, consideration should be given to the interaction of surface colour and finish with the intended
lighting conditions. Airlocks, gowning rooms and material passage points should normally have at least the same
requirements as the cleaner of the zones they serve. In the case of equipment and material transfer airlocks,
decontamination and "cleandown" procedures may impose special requirements.
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NOTE

a)
1)
2)

b)

ISO 14644-

4:2001(E)

There are many acceptable methods and materials for constructing cleanrooms ranging from in situ construction to
fully prefabricated site-assembled systems. The basic options are summarized as follows:

Prefabricated site-assembled systems and in situ construction:

wet construction with applied surface finish,

dry construction with applied surface finish.

In situ assembly:

1)
2)
Combinati

The choi
operation
available
available
"walk-on-

E.2.1.2

Ceilings

Filters, fil
utility ser
be given
intended

E.2.1.3

Materials}
should b
trolleys, ¢

Some af
surround
require fl

paid to smoothness and effective sealing of utility services or other penetrations.

Where g
the use ¢
required,

pre-finished engineered components,
Imodular pre-finished panel system.
pns of these basic construction options can also be used.

e of method of construction of an installation should take into account not only the“contamination
al requirements, but also matters relating to the construction location (e.g..construction and firj
; considerations influenced by the available building envelope in which-the installation is locat
height, load-bearing capability, deflection of structures; maintenance,constraints and requireme
ceiling" capability, etc.

Ceilings

hould be sealed, to prevent ingress of air bearing particles, or other contaminants, from the
fer frames, filter housings and diffusers mounted in thelteiling should be sealed. Penetration po
vices, sprinklers and lighting) should be kept to the minimum required, and be sealed. Consider
to the location and configuration of componentsisuch as lights and sprinklers to avoid disturh
airflow.

Walls and wall systems

and surface finishes should meet_all general requirements for their application. Particular c
b given to impact and abrasion_resistance, especially in those locations exposed to frequent

plications may require-that walls or wall panels be sealed to prevent exchange of contan
ng areas. Cover strips or seals between panels should be smooth, with rounded edges (some
ish fitting) to facilitate efficient cleaning and limit retention of contaminants. Particular attentio

azing is-tequired, in walls or doors, it should be of the non-opening type. Consideration should
f double glazing, with airtight seal, which can enable flush mounting on both sides. If blinds or
these should be fitted outside the clean zone, or between the glazed elements of double glaz

control and
ishing skills
ed, such as
nts such as

ceiling void.
nts (e.g. for
htion should
ance of the

bnsideration
passage of

arts or personnel carrying material likely to contact exposed surfaces of walls and doors. Suit@ble rubbing
strips or protective bars may constitute-satisfactory protection of otherwise vulnerable material.

hinants with
applications
n should be

be given to
shutters are
ng. Glazing

frames S

should be

haotld _bha _cmooth \Whaora fluch fittina 1o natr racnurad  ronindad adoanc or clonina cnirfansndl
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considered.

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 handles, where required, should be smooth, non-snagging and easy to
clean. Consideration should be given to the use of push plates, automatic openings, or appropriate door-swing
direction where contamination transfer is a concern.
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E.2.1.4 Floors

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 durability.
The floor complex should provide the appropriate electrostatic characteristics.

E.2.2 Air-handling systems

Attention should be paid to minimizing the contamrnatron generated retarned and released throughout the air-
ad is not

properties,
passing thrg
final filter is

E.2.3 Fitt

e f|Itrat|on system Ducts should be manufactured from materrals Wlth corrosion- resrstant and n
br should be given suitable surface treatment to prevent release of contaminants from the~duct
ugh. If there is no terminal filter outlet provided, the quality and integrity of the system downstre
more important. The effects of leakage from air-handling systems should be considered.

ngs in airlocks

bn-flaking
to the air
am of the

Fittings in pirlocks and gowning rooms should present as few horizontal surfaces as possible. For|example
consideratign should be given to the use of hanging rails and perforated shelf boards rather than closed lockers.
Exposed syrfaces should satisfy criteria similar to those specified for the interiofhof the cleanroom and clgan zone,
and may require additional specifications to ensure durability in this applicatiod],

E.2.4 Andillary areas

These shodld have no direct connection to the cleanroom, except,for emergency exits. Exposed surfaceg in these
areas shoulfl be chosen with a particular concern for durability and ease of maintenance.

E.3 Construction and assembly

E.3.1 Gerjeral

Constructiop work should comply with thetdrawings and specifications, and the agreed quality plan. Any| changes

required du

E.3.2 Mat

All compon
manufacturg

ion (see also examples in_annex C).

erial management-during construction

bnts and materials for use in the construction and subsequent maintenance of the installation 4
bd, packed, transported, stored and inspected before use in such a manner as to ensure their sui

their intended use.

E.3.3 Cle

[ing the construction phase(should be checked for acceptance, approved and documented pri¢r to their
implemental

hould be
ability for

hnliness and cleaning during construction and start-up

Many tasks involved in construction and assembly intrinsically generate contamination. A clean construction protocol
should be developed and enforced to satisfy and achieve the specified contamination control objectives. Particular
attention should be paid to the scheduling of tasks which are the greatest sources of contamination, such that those
tasks are accomplished before tasks which are lesser sources of contamination or more contamination-sensitive.

During construction, measures should be taken to ensure that contamination generated in the course of assembly and
construction work is contained and removed, so as to limit undue contamination of surrounding areas. Appropriate
means of containment may include the use of temporary screens and walls, and pressurization of critical zones, with
provisional use of temporary "sacrificial” filters in the air-handling system(s). Such filters, installed to protect clean
volumes (clean environment and air-handling systems) from outside contaminants, and to permit their initial
pressurization and operation, are intended to be removed and replaced by filters of the appropriate grade at the
agreed stage or stages of start-up, before construction approval and subsequent operational use of the installation.
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Continual or frequent cleaning should be planned, undertaken and controlled as specified, with the aim of preventing
undue build-up of contaminants in any part of the installation, and so facilitating the essential final cleaning before
start-up (see also clause 6 and E.1.2).

It may be useful to effect initial cleaning of components, and those preparation or assembly tasks which it is not
absolutely necessary to perform as part of definitive construction in situ, in a separate or intermediate zone between
the point of reception on-site, and the final point of construction. Such procedures can contribute significantly to the
reduction of contamination in all parts of the installation, though they are of special value where subsequent access
and cleaning would be difficult or impossible.

E.4 Ms
Typical s

a) For

b) Forfloors:

Selection
operatior
Additiong
supplier.

terials of construction

irface materials are:

valls and ceilings:

Sheets of stainless steel;

anodized aluminium; mounted on appropriate substrates or construction

polymer sheets or coating.

polymer coating or sheets;
tiles with appropriate sealed joints.
of materials should include consideration~of the chemical, thermal and mechanical stre

(production, setup, cleaning and decontamination as well as conductivity and outgassing cha
Ily, flexibility, functionality, durability, aesthetics and maintainability should be considered by cy

5ses during
acteristics).
stomer and
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Annex F
(informative)

Environmental control of cleanrooms

F.1 Design

F.1.1 Re;i;uirements for environmental control vary with each application. Therefore the purchaser shquld state
which criteffia are important when specifying a cleanroom. The lists given in this annex are not-exhaugstive and
should be sppplemented as required.

F.1.2 The design of the environmental systems should take into account the following:
a) the corjtamination control concept chosen;

b) product quality requirements;

c) capitalfand operating costs (life cycle costing);

d) energy|conservation;

e) safety;
f)  health and comfort of personnel,

g) needs and constraints imposed by equipment and-processes;
h) reliability, ease of operation and maintenance;

i) envirorimental issues (e.g. handling of waste and packaging);

j)  regulatpry requirements.

F.2 Temperature and humidity
F.2.1 Thg set point and variation limits of temperature (in degrees Celsius) and relative humidity (in percent
saturation) which may,depend on special process requirements should be specified for the performange of the
cleanroom.

F.2.2 Temperature control should be provided for:

a) processes;

b) equipment and materials;

c) stable conditions for personnel wearing cleanroom garments selected to suit the class of cleanliness specified.
In general terms, heat loads from lighting are high and stable; personnel loads vary; the heat generated by process
operations (e.g. heat-sealing, soldering, welding, heat-treating and heating pressure vessels) is usually high and

variable.

F.2.3 The large quantities of air required for contamination control facilitate the offsetting of internal heat gains at
an acceptable rate of response from the temperature control system. However, areas of concentration of heat-
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producing equipment and supply-air patterns should be analysed to determine the acceptability of resulting

temperature gradients and contamination control.

F.2.4  Humidity control should be provided for:

a) manufacturing processes;

b) equipment and materials;

c) the reduction of electrostatic charges;

d) perspnnel comfort in conjunction with temperature control mentioned above.

F.2.5 Ip cleanroom installations, humidity control is affected more by external influencesc(such jas weather
changes]) than by variations in moisture generation within the space. If processes involving evaporation |should take

place within the cleanroom installation, they should be confined within ventilated enclosures.Precaution
taken to [control static electricity effects. Some manufacturing processes (such as vacuum tube manu
tabletting) require relative humidities (R.H.) lower than 35 %. As indicated in annex,E, consideration
given alspo to selection of materials which minimize electrostatic effects. If the humidity in a confined s

static charges may be higher than in an area with higher humidity.

F.2.6 emperature and humidity levels for personnel comfort should be defined for these specific ins
typical s¢t range for relative humidity is < 65 % R.H. to > 30 % R.H. Outside this range, suitable meas|
be considlered to meet process and personnel requirements. Specific.gtiidance to adjust temperature sy
to cleanrpom garments used is given in ISO 7730.

F.2.7 The locations at which temperatures and relative humidities require to be measured should be S
F.2.8 The outside conditions under which the systemtis required to operate should be specified
account the intended operational mode.

F29 1
their dyn

he amount of heat and moisture generated in the cleanroom, the location of sources and th
hmic variation should be specified.

F.3 Lighting

F3.1 1
together

he lighting levels and uniformities required within the various parts of the installation should b
with the methods used'to assess them.

F.3.2 1
comfort g

he colour rendering of light should be specified by the purchaser, as it has a significant €
f personnel and; in many cases, the processes being carried out, especially photosensitive pro

F.3.3
have no

The lighting’system should be consistent with the effective operation of the cleanroom. Light fit

hreas from which contamination may be released. The use of sealed or flush fittings should be

s should be
facture and

should be
bace is low,

tallations. A
ures should
ecifications

pecified.

taking into

e nature of

e specified,
ffect on the
cesses.

ings should
considered.

For unidi
be such

rectional airflow applications, the design and positioning of the light fitting and associated dif

ser should
ch that the

integrity of the cleanroom is not violated and excessive contamination is not produced. The effect of glare should

be considered within the context of the work being carried out.

F.4 Noise and vibration

F.4.1 General

Noise and vibration limits should be specified, if required, according to a specific process or other re
Consideration should be given to
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a)
b)
c)
system
d)
F.4.2 Sou

site selection: vibration, soils, and future site developments;

structural design: cleanroom floor support, stiffness, isolation joints;

s, noise control systems (internal and external);

architectural layout: building and installation layout, plant areas, service systems.

nd pressure level

The selectgd sound pressure level should be based on the requirements with regard to both the comfort\a
of the persgnnel and consideration of the background sound pressure level created in the environnmient (§
equipment)| A typical A-weighted sound pressure level range for cleanroom installations lies between 5

65 dB. So
should be ¢

F.4.3 Med

F.43.1

influence on processes, human comfort and service life of equipment and systens.

F.4.3.2
quality fans

F.4.3.3
ISO 10816-

F.5 Ener

Considerati
to reduce o
activity. Thq

e applications may require lower levels or may tolerate higher levels. Noise control meas
arried out in accordance with ISO 3746.

hanical vibration

Vibration is an important consideration in cleanroom installationsy.since it can have an
Vibration in cleanrooms should be minimized, or the source Jisolated, using methods such
and vibration control equipment.

When vibration control is required, the permissible levels should be defined using ISO 19
.

gy conservation

bn may be given to incorporating in_the 'design energy conservation considerations, such as ¢
" close down temperature and humidity control and to reduce airflow during periods in which th
ability to recover operating conditions in a defined recovery period should be demonstrated.

mechanical design: equipment selection, system design, performance specifications, vibration isolation

nd safety
2.g. other
5 dB and
Lirements

adverse

as high

10-1 and

rovisions
ere is no
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Annex G
(informative)

Control of air cleanliness

G.1 Air filtration systems

-4:2001(E)

Air filtrati
should b
installatig
basic stal
a) prefi
b) secq

c) final

G.2 Se

It should
cleanroo

a) theq
b) the |

c) undg

bn systems including filter elements, mounting frames, housings, gaskets, sealants and clamp
> selected to suit both the cleanliness level required and the conditions associated (with th
n test requirements in the system. Specific air filtration standards should be used forfilter sele
ges of air filtration are recommended:

tering of the outside air to ensure adequate quality of air supply to the air conditioning plant;
ndary filtering in the air conditioning plant to protect the final filters;

filtering before cleanroom supply.

condary filtration

be understood that unless adequate secondary filfration is provided before the final filten
s, several problems may arise. These problems include the following:

esired class of air cleanliness may not be achieved;
igh frequency of final filter changing may become unacceptable;

sirable particulate and microbiological contamination of the product may occur.

G.3 Application

The des
condition
molecula
environm

gner should evaluate)the performance of the primary and secondary air filters used in clg

I decontaminatien (e.g. activated carbon) and configurations for exhaust air filtration to protect
ent.

G.4 En

ergy ‘conservation

ng systems
eir use and
ction. Three

s supplying

anroom air

ng systems to sudit)each application. Consideration should be given to the use of filters for clhemical and

the outdoor

For energy conservation reasons, airflow of the ventilation systems may be reduced to low levels during non-
operating periods. If, however, they are turned off, the potential for unacceptable room contamination to occur
should be considered.

G.5 Temporary filters

The installation of temporary filters should be considered to protect the air cleanliness of air-handling systems
during construction and commissioning.
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G.6 Packaging and transportation

High-efficiency air filters should be packaged in a manner that adequately protects the element from mechanical
damage during handling and transportation from the supplier. The filters should be inspected and be free from
damage prior to fitting into the installation.

G.7 Fitting

The fitting of high-efficiency filters should be delayed until they are required for commissioning purposes. Whilst
aWaItIng ﬁtt-llu, fl:tclo ohuu:d bC QtUICd ;II a.\.,\.,uldal L\v3 3 V\l;th thc oupp:;cllo ;Ilotl uut;ul 1o. :IIIIIICd;utC:y ’JI;UI tU I‘ttlng, the
air ducting pystem should be visibly clean and free from contamination. The filters should be fitted in. accordance
with the mahufacturer's instructions.

G.8 Testing

All air filtrafion equipment installed in an installation should allow for leak-testing of_the final filters and|integrity-
testing of the seals between filter and mounting arrangements. Consideration should\be given to the matetfials used
for such tegting to ensure that materials themselves do not become contaminants*Qrcause contamination.
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Additional specification of requirements to be agreed upon between
purchaser/user and designer/supplier

H.1 Gdneral

This anngex is intended to assist the purchaser/user and designer/supplier to communicate and ‘agree dgn additional
requirements. It is intended that the checklist be used to define known requirements and identify \laspects where further

developmient is required.

H.2 Chlecklists

Checklists are given in the form of tables.

Table H.1 suggests a check for process requirements which affect the_installation.

Table H.2 suggests a check for contaminants which detrimentally afféct the process.

Table H.B suggests a check for all pieces of equipment to be.titized in the process.

Table H.4 suggests a check for all external factors affecting the process.

Table H.% suggests a check for environmental requirements affecting the process.

Table H.§ suggests a check to identify requiretients for safe operation.

Table H.Y suggests a check to evaluate'the requirements for systems redundancy (standby/backup).

Table H.8 suggests a check for thé scope of equipment maintenance required.

Table H.9 suggests a check.fab miscellaneous requirements not previously defined that affect design, donstruction,

operatior) and maintenance:

Tables H.10, H.11 and H.12 suggest checks for factors affecting future developments, cost requirgments and

schedulig, respectively.

Table H.1 — Process requirements

Number Iltem Description Specified Achieved
value performance
1 Direct Those which directly affect the end product
processes or service.
2 Indirect Those which support or indirectly affect the
processes end product or service.
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Table H.2 — Process contaminants

Number Item Description Specified Achieved
value performance
1 Matter as Non-viable or viable matter
contaminant
1.1 Particulate Particles of different shape
1.11 Class In accordance with ISO 14644-1
1.1.2 Size(s) Particle size(s), M- and U-Descriptors (see
annex E in ISO 14644-1:1999)/Basic,
ultrafine, macroparticles and fibres
1.1.3 Recovery time
1.2 Chemical Molecular, ionic, gaseous, condensable,
metallic
1.2.1 Amount Quantity of chemical contamination/weight,
layer(s), concentration
1.2.2 Class In accordance with ISO 14644-1 or “ather
standard
1.2.3 Recovery time
1.3 Biological Viable, aerobic or non-viable pathogenic
organisms/organisms.capable of
reproducing
1.3.1 General type Bacteria, fungi,;other
1.3.2 Contamination Aggressiye to surfaces, resistant to
type disinfection, pathogenicity
1.3.3 Propagation Dutation from upset to steady state
2 Energy as Energy sources which interfere
contaminant
2.1 Vibration Extent of motion
2.1.1 Amplitude Greatest displacement
212 Frequency Rate of motion
2.2 Magnetic Electromagnetic fields
221 Field strength
2.3 Radio
frequency
2.3.1 Field strength
38 © IS0 2001 — All rights reserved
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Table H.3 — Process equipment specification

ISO 14644-4:2001(E)

utilized in the process, including the
maximum, minimum, and nominal rates of
introduction and utilization

Number Item Description Specified Achieved
value performance
1 Input utilities Matter and energy required to be delivered
to each process equipment
1.1 Solids — Supply | List equipment solids to be utilized in the
requirements process
1.1.1 Solids supply List, for each piece of equipment, for
purities/ purities/concentrations required for all
Concentrations solids to be utilized in the process
1.1.2 Solids supply List, for each piece of equipment, the
guantities quantities of all solids to be utilized in the
process, including the maximum, minimum,
and nominal rates of introduction and
utilization
1.2 Gases — Supply | List, for each piece of equipment, all gases
requirements to be utilized in the process
121 Gases supply List, for each piece of equipment, the
purities purities required for all gases to be utilized
in the process
1.2.2 Gases supply List, for each piece of equipment, the
guantities quantities of all gases to be utilized in the
process, including the maximum, minimum,
and nominal rates of introduction and
utilization
1.2.3 Pressures ldist;” for each piece of equipment, the
pressures of all gases to be utilized in the
process, including the maximum, minimum,
and nominal rates of introduction and
utilization
1.3 Liquids — List, for each piece of equipment, all liquids
Supply to be utilized in the process
requirements
131 Liquids supply List, for each piece of equipment, the
purities/ purities/concentrations required for all
Concentrations liquids to be utilized in the process
1.3.2 Liquids supply List, for each piece of equipment, the
guantities guantities required for all liquids to be
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Number Item Description Specified Achieved
value performance
1.3.3 Liquids supply List, for each piece of equipment, the
pressures pressures for all liquids to be utilized in the
process, including the maximum, minimum,
and nominal rates of introduction and
utilization
1.4 Electric power | List, for each piece of equipment, the
requirements electric power requirements
14.1 Voltage
14.2 Phase
143 Frequency
1.4.4 Load
145 Allowable List, for each piece of equipment, the
electrical power maximum allowable fluctuation in electrical
fluctuation service that can be accepted without
requirements electrical power filtration
2 Output utilities
2.1 Solid waste List, for each piece of equipment, all solids
requirements to be rejected in the process
211 Solids waste List, for each piece of equipment, the
purities/ purities/concentrations of all solids to be
Concentrations rejected in the\process
2.1.2 Solids waste List, for each piece of equipment, the
quantities guantities: of all solids to be rejected in the
proeess, including the maximum, minimum,
and:rnominal rates of rejection
2.2 Exhaust flow List, for each piece of equipment, all types
requirements of exhaust to be utilized in the process
221 Exhaustflow List, for each piece of equipment, the types
characteristics of exhaust flows (e.g. acid, solvent, heat,
general, etc.) to be utilized in the process
and helr respectve concentratons, and
temperatures
2.2.2 Exhaust flow List, for each piece of equipment, the
quantities guantities of all exhaust flows to be utilized
in the process, including the maximum,
minimum, and nominal rates of introduction
and utilization
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