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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
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mental, in_fiaison with 150, also take part in the work. IS0 collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
ask of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting,‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

5 was prepared by Technical Committee ISO/TC 209, Cleanrooms and associated contrqg
ts.

consists of the following parts, under the general title Cleanrooms and associated contrq
ts:

Classification of air cleanliness

Specifications for testing and monitoring ta-prove continued compliance with ISO 14644-1
Test methods

Design, construction and start-up

Operations

Separative devices\(clean air hoods, gloveboxes, isolators and mini-environments)
Classification.of airborne molecular contamination
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Introduction

Industries and organizations of all kinds utilize cleanrooms. Operational procedures have a profound effect on
the cleanliness levels achieved during the operation of the cleanroom and equipment. Consistent quality is
cleanliness dependent. Operational cleanliness can only be attained and maintained through a deliberate
programme established to specify, measure and enforce defined operational procedures. Regulatory agencies

thatf have authority over processes and products produced in the cleanroom may requirg additional
prog¢edures and measures of cleanliness not covered in this general operating standard.

Thig part of ISO 14644 addresses normative and informative operational requirements related to:
a) |providing a system that defines policies and operational procedures;

b) |clothing used to isolate human-generated contamination from the cleanroom*environment;

c) |training of personnel inside the cleanroom and monitoring their compliance to specified prodedures and
disciplines;

d) |transfer, installation and maintenance of stationary equipment\(selection criteria is not discussgd);
e) |selection and use of materials and portable equipment inthe cleanroom;

f) | maintaining the cleanliness of the cleanroom through'systematic cleaning and monitoring procedures.

© I1SO 2004 — All rights reserved \"
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Cleanrooms and associated controlled environments —

Part 5:

Operations
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Scope

part of ISO 14644 specifies basic requirements for cleanroom operations. It is‘intended for tho
se and operate a cleanroom. Aspects of safety that have no direct bearing.on contamination
considered in this part of ISO 14644 and national and local safety regulations must be obs
Liment considers all classes of cleanrooms used to produce all types of-products. Therefore, i
ication and does not address specific requirements for individual industries. Methods and prog

se planning
control are
erved. This
is broad in
rammes for

routine monitoring within cleanrooms are not covered in detail in this' part of ISO 14644 but referefnce is made

to |
mic

2
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50O 14644-2 and ISO 14644-3 for monitoring particles and 1SO\14698-1 and ISO 14698-2 fo
0-organisms.

Normative references

following referenced documents are indispehsable for the application of this document
rences, only the edition cited applies. Foriundated references, the latest edition of the
Liment (including any amendments) applies.

14644-1:1999, Cleanrooms and-associated controlled environments — Part 1: Classific
nliness

14644-2:2000, Cleanrooms and associated controlled environments — Part 2: Specification
monitoring to prove continueéd compliance with ISO 14644-1

14644-3:—"), Cleafirooms and associated controlled environments — Part 3: Test methods

14644-4:2004; Gleanrooms and associated controlled environments — Part 4: Design, cons
{-up

14698-1:2003, Cleanrooms and associated controlled environments — Biocontamination|
1:/General principles and methods

monitoring

For dated
referenced

tion of air

5 for testing

fruction and

control —

ISO 14698-2:2003, Cleanrooms and associated controlled environments — Biocontamination control —
Part 2: Evaluation and interpretation of biocontamination data

1)

To be published.
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3 Terms and definitions

For the purposes of this part of ISO 14644, the following terms and definitions apply.

3.1 General Terms

311
biocleanroom
cleanroom used for products and processes that are sensitive to microbiological contamination

3.1.2
changing room
room wherg people entering or leaving a cleanroom put on or take off cleanroom clothing

NOTE Adapted from ISO 14644-4:2001, 3.1.

313
cross-over bench
bench that |s used as an aid to changing of cleanroom clothing and which provides a-barrier to the trackirg of
floor contarpination

31.4
disinfection
removal, dgstruction or de-activation of micro-organisms on objects or sdrfaces

3.1.5
fibre
particle having an aspect (length-to-width) ratio of 10 or more

[ISO 1464411:1999, 2.2.7]

3.1.6
operator
person working in the cleanroom performing production work or carrying out process procedures

317
particle
minute piece of matter with defined physical boundaries

NOTE For classification purpgses refer to ISO 14644-1:1999.

3.1.8
personnel
persons enfering theCleanroom for any purpose

319
separative [device
equipment ttitizingconstructiomat—anddymarmic means to create assuredfevels of separatiom betweer the
inside and the outside of a defined volume

EXAMPLES Some industry-specific examples of separative devices are clean air hoods, containment enclosures,
gloveboxes, isolators and minienvironments.

3.1.10

unidirectional airflow

controlled airflow through the entire cross-section of a clean zone with a steady velocity and approximately
parallel airstreams

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

[1ISO 14644-4:2001, 3.11]

2 © 1SO 2004 — Al rights reserved
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3.2 Occupancy states

3.21

as-built

condition where the installation is complete with all services connected and functioning but with no production
equipment, materials or personnel present

[ISO 14644-4:2001, 2.4.1]

3.2.2

at-rest
conflition where the installation is complete with equipment installed and operating in a manner dgreed upon
by the customer and supplier, but with no personnel present

[ISQ 14644-4:2001, 2.4.2]

3.23
op€rational
confition where the installation is functioning in the specified manner, with the specified number gf personnel
present and working in the manner agreed upon

[1ISQ 14644-4:2001, 2.4.3]

4 |Specification of requirements

41| Operational systems

411 A system of operational procedures shall be established and documented that wil| provide a
framework for producing the quality products and-processes for which the cleanroom was designeq.

4.1.2 A set of risk factors, appropriate forithe use of the cleanroom, shall identify the areas whefe there is a
risk|of contamination to the process. A-method for monitoring these risks shall be instituted so that action can
be taken when conditions violate the.contamination limits for the cleanroom classification.

NOTE Although not covered in detail in this part of ISO 14644, it is important to routinely monitor the gperation of a
cleahroom. Guidance for monitoring particles is given in 1SO 14644-2 and ISO 14644-3. Guidance fqQr monitoring
biocpntamination is given in IS© 14698-1 and ISO 14698-2.

4.1.3 A system fordraining personnel in cleanroom procedures shall be instituted. A method fof monitoring
comjpliance to those fraining procedures shall be specified.

4.1. A documentation system shall be maintained to provide evidence that all personnel haye received
suitable levels of training for their assignments.

4.1.
be

A set of procedures shall be documented to describe how the cleanroom mechanical systems are to

4.1.6 All activities that modify, supplement or enlarge the cleanroom shall be planned and include all
relevant personnel. Any significant change of operational use may be subject to re-qualification of the
installation in compliance with ISO 14644-2.

4.1.7 A system shall be documented that encourages and enforces safety for personnel in the cleanroom
that may influence aspects of contamination control.

NOTE Informative guidance concerning the operational systems requirements listed in 4.1.1 to 4.1.7 can be found in
Annex A.

© 1SO 2004 — All rights reserved 3
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4.2 Cleanroom clothing

4.2.1 Cleanroom clothing shall protect the environment and products from contamination generated by the
personnel and their everyday clothing. To maximize this containment, the choice of barrier fabric, the clothing
style and extent of coverage of personnel by the cleanroom clothing shall be established.

4.2.2 Cleanroom clothing shall be made of fabrics and materials that will resist breakdown (minimal linting)
and therefore not shed contamination.

4.2.3 The frequency of changing into fresh cleanroom clothing before entering the cleanroom shall be
determined in accordance with the product and process cleanliness requirements.

424 RellAsabIe cleanroom clothing shall be processed at regular intervals to remove contamination.

4.2.5 Theg necessary cleaning, processing (including sterilization or disinfection where fequired) [and
packaging ¢f clothing shall be defined.

4.2.6 Clepnroom clothing shall be transported and stored in a specified manner to mipimize contamination.

4.2.7 Clepnroom clothing (clean packaged or dirty) shall not be removed beyondthe confines of the stofage
area and cleanroom except for laundering, repair or exchange purposes.

4.2.8 Clepnroom clothing shall be put on and taken off in such a way,that the spread of contaminatign is
avoided or minimized.

4.2.9 If clothing is to be reused, it shall be removed and stored to«ensure that contamination is minimizedl.

4.2.10 Clepnroom clothing shall be checked at regular intervals to ensure that it retains acceptable
contaminatipn control characteristics.

4.2.11 Consideration shall be given for the comfort of-personnel wearing the cleanroom clothing.

4.2.12 Consideration shall be given to special.(€:g9. chemical, physical or microbiological) properties of| the
clothing that may be necessary for specific applications.

4.2.13 Consideration shall be given to.special concerns for cleanroom clothing during and after emergency
evacuationg.

NOTE Informative guidance cencerning cleanroom clothing requirements listed in 4.2.1 to 4.2.13 can be found in
Annex B.

4.3 Persppnnel

4.3.1 Pernsonal and*other items not intended for cleanroom use shall not be allowed inside the cleanrqom,
unless approved.

4 3 2 an Baalchall b mateatad e by oo e ralatad iaaiac thaot \agll e~ thana for neanarh s aoelod 'n
aJ. SISO STTam O ISt OCTCUT T T ygreTe-ToTatC U TSSUT S trrat i propparc— T O pTropPTTTy— VWOTIKH g |

the cleanroom environment.

4.3.3 A policy concerning jewellery, cosmetics and similar materials that can cause contamination problems
shall be determined.

4.3.4 Cleanroom personnel shall be trained to conduct themselves in a manner that minimizes generation
of contamination which can be transferred or deposited on or into the product.

4.3.5 Personnel shall be protected against hazards. Personnel shall receive safety training for all known
health and safety risks associated with their work.

NOTE Informative guidance concerning personnel requirements listed in 4.3.1 to 4.3.5 can be found in Annex C.

4 © 1SO 2004 — Al rights reserved
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env

4.4,

conjrol and minimize contamination of the cleanroom.

445 Documented procedures relating to maintenance work and repairs shall bespecifieg
confamination.

446 Preventive maintenance schedules shall be established and timed to renew and replace
befgre the components become contamination sources.

NOTE Informative guidance concerning stationary equipment requirements listed in 4.4.1 to 4.4.6 car
Anngx D.

4.5| Materials and portable and mobile equipment

4.5/1 All materials, as well as portable and mobile equipment, shall be appropriate for f
clegnroom cleanliness, and in use, shall not compromise-the product and process.

4.5 Procedures shall be established to ensure.materials and portable and mobile equipment
clegnroom are not contaminated.

4.53 Procedures shall be established .to minimize the quantities of materials stored in the
Consideration shall be given to shelf-lifelifnitations, if applicable.

4.5
be
use

4.5.
pro

cled
requirements set‘by-local and other regulatory agencies.

Ireld in protective storage or-isolation. The risk of contamination arising from the storage and

ISO 14644

Stationary equipment

1 All equipment, with its associated moving and rigging equipment, shall be thoroughly
ontaminated, or both, before being transported into the cleanroom environment.

2
ure that all equipment undergoes the necessary cleaning and decontaminating.

3
ironment.

-5:2004(E)

cleaned or

Procedures relating to the entry of equipment into a controlled environment shall be specified to

Installation of equipment shall be planned and carried out to minimize the impact on the cleanroom

N Equipment maintenance, repairs and calibration procedures shall be performed in such

Materials stored in the cleanroom shall be subject to defined procedures and, where necq
of materials and portable-and mobile equipment in the cleanroom shall be considered.
5 All used and waste’ materials shall be collected, identified and removed in accordance

edures. Waste materials shall be removed frequently and in a manner that does not com
nliness of the{product or process. Procedures for hazardous materials must conform

B way as to

to control

tomponents

be found in

he level of

bntering the

cleanroom.

ssary, shall
subsequent

vith defined
bromise the
o statutory

NOTE Informative guidance concerning materials and portable equipment requirements listed in 4.5.1 to]4.5.5 can be
found in Annex E.

4.6 —€leanroom-cleanit 1°)

4.6.1 Cleaning methods and procedures shall be specified and routinely followed to maintain cleanroom
surfaces at acceptable cleanliness levels.

4.6.2 Personnel responsible for the cleaning operation shall be designated and receive specific training for
accomplishing the task.

4.6.3 Cleaning schedules shall be defined and carried out at effective frequencies to ensure that specified

cleanliness levels are maintained.

4.6.4 Appropriate contamination checks shall be carried out on a routine basis to ensure the cleanroom is

mai

©IS

ntained at specified levels.

O 2004 — All rights reserved
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4.6.5 An assessment shall be made to identify any cleaning procedures that will place products or
processes at risk during the performance of such cleaning tasks. Preparations should be made to remove or
cover work-in-process before cleaning begins.

4.6.6 Special cleaning procedures and techniques shall be defined for unavoidable accidents or system
failures that create contamination that places the cleanroom, products, processes or personnel at risk.

NOTE Informative guidance concerning cleaning requirements listed in 4.6.1 to 4.6.6 can be found in Annex F.

6 © 1SO 2004 — Al rights reserved
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Annex A
(informative)

Operational systems

General

It is
mai
defi
hav
cled

A.2

A.2

Ari

Some examples of methods used for determining and managing these factors include:

a)
b)
c)
A2

A2

Imp
cles
be

formulated by“each organization to remedy non-compliant situations. In this assessment, it i

imp

a)

essential that management provides leadership that will focus the attention of its staff on(gér
htaining systems that will encourage good cleanroom practices. A management stricture
hed and published to ensure all parties are aware of their responsibilities. Good cleanréom p
b a significant impact on the quality of products being produced and the processes perfo
nroom. This annex is provided to assist management in identifying those systems:

Assessing contamination risks

L1 Methods for assessing risks

HACCP (Hazard Analysis Critical Control Point)t!};
FMEA (Failure Mode Effects Analysis)[2I(8l;

FTA (Fault Tree Analysis)“l.
L2 Determining operational risks

2.1 General

roper control of theycritical elements of an operational cleanroom can pose a risk to the cleanl
nroom and the‘quality of the product. A list of these critical elements and some of the associat
ound beginning in A.2.2.2 to A.2.2.6. An assessment of these risks should be carried ou

brtant to-eonsider the following:

concentration of contamination in or on the risk factor;

erating and
should be
ractices will
med in the

bk assessment should be made to determine any relevant cortamination control factors that may affect the
prodlucts or processes performed in the cleanroom.

ness of the
bd risks can

and plans
5 especially

b)

c)

distance from the risk to the product;

importance of the method used to protect product from the risk[®!.

Information concerning cleanroom support parameters and factors including heating, ventilation and air
conditioning functions, pressure, temperature, humidity, air change failure and filter failure are discussed in

ISO

14644-2, 1ISO 14644-3 and ISO 14644-4.

© I1SO 2004 — All rights reserved
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A.2.2.2 Cleanroom clothing

Risk factors that may influence the operation or environmental quality of the cleanroom include:

a) required human containment (coveralls, frocks, hoods, gloves, boots, masks, etc);

b) material performance (weave characteristics, filament types, sterility, antistatic, calendering, etc);
c) design and construction (special tailoring requirements);

d) comfort;

e) usage (launderable versus disposable);

f)  choice [of personal clothing worn under cleanroom clothing;

g) time inferval or number of wearings before laundering is required;

h) choice |of cleanroom clothing laundry;

i) renewing, packaging, storage and distribution.

A.2.2.3 Pprsonnel

Risk factorgq that may influence the operation or environmental quality of'the cleanroom include:
a) selection of personnel,

b) educat|on and training;

c) safety {including emergency procedure);

d) persongl attire, hygiene and behaviour, (including behaviour prior to entering the cleanroom);
e) chronid and acute medical conditions;

f)  personhel who shed significantly miore contamination than other personnel;

g) who is pllowed to enter;

h) special procedures for visitors;

i)  maximpm occupancy;

i) entry and exit procedures;

k) movemnentand activity of personnel within the cleanroom.

A.2.2.4 Stationary equipment

Risk factors that may influence the operation or environmental quality of the cleanroom include:
a) entry and exit procedures;

b) installation;

c) cleaning techniques;

d) contamination generation;

8 © 1SO 2004 — Al rights reserved
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e) generation of heat, humidity and electrostatic charge;

f)  maintenance and repair;

g) cleanliness of process material and utilities delivery systems;
h) potential equipment failures.

A.2.2.5 Materials and portable and mobile equipment

Risk-factors-that-mavinfluence the gperation-orenvirconmental-gualitvof the cleanroom-include:
J Lud -1 J

a) |compatibility and selection;

b) |entry, exit and movement procedures;

c) |storage factors while in the cleanroom;

d) |contamination factors during use;

e) |generation of electrostatic charges;

f) |liquid and gas purity supplied by delivery systems;

g) |waste disposal;

h) |packaging.

A.2|2.6 Cleanroom cleaning

Risk factors that influence the operation or environmental quality of the cleanroom may include:

a) |routine environmental contaminating- factors (airflows, airborne particles, out-gassing, hazardous gas,
micro-organisms, vibration, electrostatic charges, molecular contamination, etc.);

b) |personnel and material flow;

c) |service, maintenance(and repair;
d) |cleaning methodology;

e) |emergency;and planned shutdown;

f) |facility eéxpansion and modification;

g) |fréquency for monitoring the results of cleaning.

A.3 Monitoring and corrective action

A routine monitoring programme should be followed that encompasses personnel, cleaning and other
operational systems. Monitoring should be sufficiently frequent and comprehensive to detect actual or
emerging unacceptable conditions in a timely manner. Exceeding specified action levels should result in a
prompt response, including investigative and corrective action. Investigative and corrective action should
include the effect on product quality as a potential result of the non-compliant condition. Further information
can be found in ISO 14644-2 and ISO 14644-3 for particle monitoring. Information on microbiological
monitoring can be found in ISO 14698-1 and ISO 14698-2.

© 1SO 2004 — All rights reserved 9
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A.4 Education and training

A.4.1 Involvement

General personnel activity within the cleanroom has a profound effect on the integrity of the clean
environment. Failure to properly train anyone entering, using or maintaining the facility will compromise the
effectiveness of the cleanroom. Management is therefore responsible for implementing a comprehensive
programme to train all personnel with regard to their responsibilities and how those responsibilities interact
with the clean environment. Certification should be based on successful completion of testing to demonstrate
understanding and compliance. The programme should ensure each of the following groups of personnel is
educated apd-trained-appropriatehy

a) operatgrs;

b) technidians;

c) enginegrs and scientists;

d) qualityfassurance personnel;
e) superv|sors and managers;
f) facilitiep personnel;

g) contragtors;

h) field service personnel;

i) visitors
A.4.2 Training course contents

Subjects that can be included in the training courselinclude:

a) how the cleanroom works (design, airflow.and air filtration);
b) cleanrqom standards;

c) sourcep of contamination;

d) persongl hygiene;

e) cleaning;
f)  cleanrqom clothing ‘procedures;

g) maintepanee procedures;

h) how a tlegnroom is tested and monitored:;

i) how to act in a cleanroom;

j)  explanation of the work process, technologies or sciences employed and how the process can become
contaminated;

k) safety and emergency response.

A.4.3 Monitoring of cleanroom personnel and corrective action

The cleanroom training programme provides an explanation of requirements and actions that minimize the risk
factors important to the cleanroom, identified in A.2.2.3. The ability of personnel to incorporate all elements of

10 © 1SO 2004 — Al rights reserved
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cleanroom training into practice is essential to the continuous, effective operation of the cleanroom.
Personnel, although properly trained, may not fully comprehend all requirements or may lapse into poor
procedural habits. Therefore, actions of personnel listed in A.4.1 should be monitored to ensure personnel
carefully comply with correct cleanroom disciplines. Consideration should be given to a system that will
monitor cleanroom personnel. Monitoring programmes can be formal or informal depending on the level of
empowerment given to each person that is part of the cleanroom staff. Internal auditors can monitor the
actions of those in the cleanroom based upon the written procedures. Reports can be issued to management
on a regular basis detailing unsatisfactory behaviour and can be used for determining corrective actionl®l.

An effective programme should be a positive influence on all personnel to follow proper cleanroom
procedures.

A.4l4 Training documentation
A concise, comprehensive system that documents the training progression and leveD of each individual
asspciated with cleanroom operation and maintenance should be used. The management t¢am should
identify each job and set of jobs or responsibilities. This documentation system should be easily afcessible to
management and periodically reviewed. Basic documentation should include _'course contents, personnel
idenjtification information, training and certification dates, and schedules for retraining that may be required at
futufe intervals.

A.§ Cleanroom support services

A.5.1 General overview
Mar
day
gas
me(

agement is responsible for ensuring cleanroom support services consistently function as de
to-day basis. Support services may include clean and conditioned air systems, compres
s5es, water and other utilities, and other aspects_required for standard cleanroom operation. F3ilure of any
hanical support system can seriously affect the cleanliness and operation of the cleanroom. Records and
edures documenting the operation of the-systems that provide and maintain the cleanroonj should be
ily available. Some of the information-required to establish such systems is given in A.5.1 to A.5.6. More
thorough coverage of the subjects listedin A.5.2 to A.5.6 is found in ISO 14644-4.

signed on a
ted air and

A.5.2 Record of the installation

Thig record should contain-installation drawings, cleanroom classification including acceptance tept results to

origjnal specifications, and-recommended spare parts lists.

A.5.3 Operating‘and maintenance instructions

Opgrating andymaintenance instructions should include an explanation of how the systems wo
inflyence_on-room cleanliness. The mechanical and electrical systems within the installation sh
clegr set of operating and maintenance instructions. These instructions should describe procedu

'k and their
buld have a
res used to

P

[«

nd start-up

chefK-and inspect all critical components prior to start-up. Emergency shutdown procedures
pro .

A.5.4 Performance monitoring
Performance monitoring of the installation is essential to demonstrate satisfactory operation. Documented

schedules and procedures that specify the required tests and the frequency of testing are needed to
demonstrate specified cleanroom classifications. Action plans for non-compliant situations should be defined.

A.5.5 Maintenance procedures

Unplanned downtime can adversely affect productivity and introduce contamination to the cleanroom.
Ongoing performance checks and preventive maintenance should be performed to minimize contamination
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that may be caused by unanticipated equipment failures. Repair and maintenance procedures should contain
precautions that will help minimize and contain contamination. Tests may also be necessary to ensure that
reactivated equipment is clean and in specification before being accepted for reuse.

A.5.6 Maintenance records

Evidence of effective maintenance requires a documented record involving all maintenance activities. Problem
diagnoses, parts replaced, dates, times and personnel performing the maintenance should be documented.
Preventive maintenance schedules and charts should be updated as required. Periodic analysis of such
records may help in making improvements to the programme and help optimize preventive maintenance
schedules.

A.6 Upgrading and modifying the cleanroom

All upgradels or modifications, including the addition of stationary equipment and changes. to:floor plans,|can
affect the dleanliness of the cleanroom. Management should make certain these changes’ are planned [and
carried out |n a controlled and thorough manner and that requalification of the installation.is in compliance with
ISO 14644 and ISO 14644-4. A record of all changes or modifications should) be documented after
requalificatipn. All appropriate personnel with responsibilities affected by these ‘changes should be invojved
and kept informed of progress. Such personnel may include but are not limited to:

a) facility pngineers;

b) manufacturing engineers;

c) equipnjent engineers;

d) contamination control engineers;

e) procesp engineers and scientists;

f) quality fassurance engineers and scientists;
g) manufacturing managers;

h) contragtors.

A.7 Safety

Normal opgration of cleanroom facilities often includes the use of hazardous, toxic or infectious materjals.
Preventive measures required by statutory regulations must be observed to protect personnel from exposure
to these agents. Mafnagement should implement and monitor effective systems for protecting the health [and
welfare of personnel:*Good programmes should include the following:

a) central|zéd, readily-available safety data sheets that describe hazardous materials;

b) evacuation plans and practice evacuations;

c) accident reporting system;

d) feedback suggestion systems for personnel;

e) appropriate monitoring of potentially hazardous conditions or materials;
f) rapid response to emergencies by trained personnel;

g) documentation that supports improvements and corrections to safety-related issues.
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(informative)

Cleanroom clothing

B.1 Function of cleanroom clothing

Pergonnel disperse fragments from their skin and particles from their indoor, non-cleanroom\cl
airbprne dispersion will vary from person to person and from time to time but can be several-milli
per|minute and several hundred bacteria-carrying particles per minute. The prime fygnaction of
clothing is to act as a barrier filter that protects product and process from human contamination
clegnroom clothing should be made from a fabric that filters the dispersed contamination. Cleanro
shopld also be designed to envelop a person and not allow significant amounts of{unfiltered body ¢
be dispersed into the cleanroom. An effective cleanroom undergarment in combination with
clothing can provide an additional reduction in dispersion.

Alt
alsq dispersed from the surface of cleanroom clothing fabrics. The fabric used to manufacture
clothing should not add to the contamination burden.

Pergonnel also emit inert and microbe-carrying particles from the mouth through sneezing, co
talking. Therefore, cleanroom clothing should be made from" a fabric that filters the contamination
Touching will transmit contamination from the hands. 1o surfaces in the cleanroom. Depeng
clegnroom function and class, it may be necessary\to wear face masks, helmets and gloves
transmission of these types of contamination. Theschoice of cleanroom clothing will vary acco
uct cleanliness and process requirements_but will normally, but not exclusively, consist of h
hets, coveralls, overboots, face masks and:goggles or safety glasses.

General choice of cleanroom clothing

Thel best design of cleanroom-clothing will completely envelop the person and have good closures
neck and ankle. The choice‘will depend on the class of cleanroom but cleanrooms with higher
requiirements are typified-by’/a one-piece coverall, overboots and a hood with yoke or skirt that tuck
neck of the garmentl8lincreasing technical requirements on cleanroom clothing may result i
pergonal restrictions~or discomfort. Therefore, consideration should be given to what is neces
starjdard of room-cleanliness. Where cleanliness and process requirements permit, clothin
coverage may. be-acceptablel’l B [®1[10]. Certain separative devices with built-in clean air system
env|ronments or isolators) may allow for the simplification of required cleanroom clothing.

There-are 'two broad categories of clothing used in cleanrooms: 1) disposable (or limited use) and

5:2004(E)

bthing. This
on particles
cleanroom
Therefore,
om clothing
missions to
cleanroom

ugh the maijority of contamination originates from the skin and nonseleanroom clothing, contamination is

cleanroom

ughing and
dispersed.
ing on the
o minimize
ding to the
pods, caps,

at the wrist,
cleanliness
s under the

increasing
sary for the
y of lesser
s (e.g mini-

P) reusable.

In general. disposable or limited use clothing usually is made from a non-woven materials and is

used either

once or a few times, and then discarded. Reusable cleanroom clothing is processed at regular intervals and
usually made from tightly woven synthetic fabrics, constructed with lint-free, continuous filament materials
(such as polyester or polyamide). Natural fabrics made from fibres, such as cotton, would not normally be
used in cleanrooms as they easily break up and disperse contamination. More critical applications may require

the use of membrane barrier technology, which may be either disposable or reusable.
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B.3 Properties of fabric

B.3.1 Barrier properties

The fabric used in cleanroom clothing should prevent personnel-generated contamination from being
dispersed into the cleanroom. Woven fabric acts as a filter; effectiveness is related to the tightness of the
weave of the fabric. In the case of barrier-type fabrics such as non-wovens and laminate membranes, the
effectiveness to contain contamination is a function of the barrier characteristics. Fabric effectiveness can be
assessed by a measurement of air permeability, particle retention and pore size [BI[101[111[12]  As air
permeability decreases, there is a correspondlng increase in pressure within the garment as personnel move

about. Thisrear—resti—ir—ar—o aotion—ofrmfiltarad aie thea b tho Alociiene of tho Aloone

clothing.

B.3.2 Dur

Cleanroom
particles. In

B.3.3 Eleg
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electrostatig
manufactur
discharge g
electrostatiq
described i
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ability

clothing should be resistant to breakdown and tearing. The fabric should disperse<the minimu
formation is available on tests used to assess these types of fabric properties 101 [13] [14],

ctrostatic properties

pbes of cleanrooms (e.g. microelectronics or rooms with flammable) or explosive chemicals),
charges that build up on the surface of clothing will be harmful to the components b

bd or hazardous to operators. Fabrics are available with woven-in, static-dissipative thread

charge can be indirectly measured by checking the fabri¢’s surface resistivity. Such methods

applied to t
to decrea

sources [10][15] [16]_

h other sources [101[151[16] |n a more effective test’a static charge of known voltage lev
e fabric. Static dissipative performance can then be determined by the time it takes for the vol
by a given percentage of the original voltage. Such methods are described in o

pom

the
bing
5 to

ny induced voltage potentials on the fabric surface. The-gffectiveness of a fabric to dissipat¢ an

are
Bl is
age
ther

B.3.4 Other physical properties

The effectiyeness of a fabric will deteriorate_due to aging, wear, washing, drying, sterilization, etc. [This
deterioration should be monitored. Another physical property that should be considered is the resistance of
the fabric fo chemicals, such as thoseused during the manufacturing process and in the cleaning [and
disinfection|of the cleanroom and clothing.

NOTE The tests referenced in(B+y371 to B.3.4 will help to verify that the clothing remains effective.

B.4 Design and censtruction of cleanroom clothing

B.4.1 Construction of clothing

Cleanroom [clothing should be constructed to minimize contamination in the cleanroom. Cutting the fabric prior

to sewing produces raw edges that will generate particles if left unfinished. Methods used to finish these
edges are as follows: all raw edges of the fabric should be covered, interlocked and heat seared or laser cut to
prevent fraying. Seams should be double-needle stitched, bound or taped to provide a good barrier and not
produce fibres. Threads should be synthetic continuous filament. Zippers, clips and fasteners, and shoe soles
should not shed, chip or corrode, and should stand up to multiple launderings and where necessary,
sterilization (8.

B.4.2 General design

The selection of the design of clothing should be considered with respect to the type of cleanroom [81[91[10],
Cleanroom clothing should incorporate a large selection of sizes to provide comfort and fit. To minimize the
retention of contamination, pockets, pleats, darts, hook and pile fasteners, and action backs should not be
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used. Elasticized or knitted cuffs should not trap or shed contaminants and should not build up electrostatic
charges. Cleanroom clothing closures should provide a tight yet comfortable closure. Other design parameters

that
a)
b)
c)

d)

should be considered are:

zipper material (e.g. covered plastic zip-fasteners), type and location;
placement and effectiveness of snap adjusters and stays;

sleeve construction (set-in or raglan);

cuff closures (elasticized, knit or snap)

B.4

This
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B.6

collar style;

ability to put cleanroom clothing on over various shoe or boot styles;
hood style (open or closed face, snap or pull-over);

passive or active adjustment and fit of hoods;

type and placement of straps on boots.

.3 Dispersal chamber (body box)

simulation procedure can be used to demonstrate the cembined effect of fabric, construction

othing. A person will enter the box, which is ventilated ata known flow rate of filtered air, and €
n routine. The number of particles or bacteria dispersed can be measured. Different types of
b to be assessed can be compared. A description of+this test is available [8].

Thermal comfort

bnever possible, the comfort of people working in the cleanroom should be considered whg
nroom clothing materials ['7]. Air-and water vapour permeability specifications of the fa
sideration can help in this detetmination [81 (181191 A simple but effective approach is to obtain
pitable clothing of different fabrics and try them in the cleanroom. Feedback, solicited from pe
be expected to wear the ¢lothing, may provide valuable information that will aid in the selection

use of relevant.pérsonnel parameters and environmental parameters (air temperatun
ulence, mean radiant temperature, and humidity within the cleanroom) can be used to derivg
hing comfort level according to ISO 7730 [20 which provides guidance and tables that will assi
determination;

Cleanroom clothing cleaning process and frequency of change

and design
xercise to a
tlothing that

n choosing
prics under
a selection
sonnel who
process.

e, velocity,
theoretical
5t in making

During use, cleanroom clothing will become contaminated. If it is to be reused it should be cleaned.
Suggestions as to how this cleaning process should be carried out are available in other sources [81[21], Final
treatment and packaging operations for cleanroom clothing should be carried out in cleanroom conditions that
are compatible with the standards of the cleanroom in which they will be used. Clothing similarly becomes
contaminated with bacteria. In cleanrooms where bacteria are an important consideration, the processing

cycl
a)
b)

c)

©IS

e in the cleanroom laundry should include, as appropriate:
disinfection;
hot water cycles;

sterilization.
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Cleaning procedures should include sample testing at the laundry for the appropriate type and level of
contamination. The frequency of clothing change will vary according to the intended use of the cleanroom.
The more sensitive the process is to contamination, the more frequently the clothing should be changed and
cleaned. However, increasing the cleaning frequency will cause additional stress to the cleanroom clothing,
contributing to premature breakdown of the fabrics. Guidance is also available to help in the decision-making

process [8l.

B.7 Glov

Cleanroom

es

gln\/ne are rnquirpd in_mast cleanrooms Thpy caver that pnrf of the human hndy that is q

ften

closest to t
necessary.
often they s

Properties ¢f cleanroom gloves that should be considered with respect to the type of cleanreom in which

will be used
the method
particular cl

Gloves can

he product and critical surfaces. Consideration should therefore be given to whether gloves
If they are used, consideration should be given to what properties are best suited, as wellas
hould be changed or cleaned (and where appropriate, disinfected).

are as follows: surface contamination, outgassing, sterility, tactility, strength, conmifort, fit as we
of packaging. Various tests can be performed to help in selecting the proper gloves for g
panroom application.[22]

be constructed of latex, vinyl, polyurethane, or other materials such @s"nitrile rubber. The choig

constructio
cost. Undi{gloves, made from non-linting materials, may also be needed\by some employees to proviq

level of co

The cleanlinpess of outer surfaces of cleanroom is extremely important.” A method should be devised for stq

and removi
glove surfa

B.8 Face

Face mask
mouth, nos|
commonly
loops. Fac
manufactur
material an

consider th¢ acceptability of thedface mask to the personnel.

Headgear i
hood and ¢
contaminati

Glasses or
them from

should be considered with respect to the required properties and application of the glove, and

fort or isolation from inner glove surfaces that can cause or @aggravate contact dermatitis.

ng gloves from their packaging and putting them ondso as to minimize contaminating the o
Ces.

masks and other headgear

5 and exhaust headgear provide abafrier against saliva and contamination dispersed from
e, face and, in the case of headgear, the head. Masks and veils are passive barrier elem
ised in cleanrooms. The masks can be surgical-style masks with tie straps, elasticized strap

veils have headbands ©or\snaps or can be permanently sewn into cleanroom hoodj
. Materials used are washable and disposable fabrics. Care should be taken to select the pr
i style that is appropriate to the risk from emissions from the mouth. This selection should

a)
-

5 available that provides an active barrier to contamination from the mouth and head. A helmet
lear face-shield  encloses the head and is provided with a filtered exhaust system that prev
pon from eseaping into the cleanroom.

goggles can help provide an additional barrier to help retain skin flakes and eyelashes and K
falling onto critical surfaces. Glasses or goggles should be constructed from materials that
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B.9 Storage of clothing

B.9.1

If the cleanroom clothing is to be reused, it should be stored or hung using appropriate techniques

that will maintain the cleanliness of the clothing. Clothing elements may require physical separation when
stored. Launderable or disposable bags can be used to help avoid cross-contamination. Several methods are
effective for storing clothing. These may include:

16
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a) clothing racks with high-efficiency, self-contained, filtered air supply;
b) fixed and portable racks utilizing hangers;

¢) locking and non-locking hooks mounted to walls or frames in the changing area or room (either in a locker
or in the room);

d) bins or storage slots.
B.9.2 The space required to temporarily store cleanroom clothing used by personnel currently working in the

cleanroom is dependent upon the number of people working in the cleanroom and the frequency at which the
clegnroom clothing is changed.

B.9{3 An area large enough to contain the total inventory of packaged cleanroom clothing shiould be set
aside for storage purposes. Lockers can be obtained for this purpose. These lockers should be placed on the
clegning schedule to ensure that they do not contribute to contamination.

B.9/4 Cleaned clothing should be packaged in clean, non-shedding bags tolavoid contamination during
hanfling, storage and distribution.[8] The shelf life for sterilized products should be defined. It is regommended
that| storage should be in a controlled environment that is adjacent to or-in-the changing area. [This allows
better control of the inventory and reduces the risk of clothing being removed from the cleanroom g¢nvironment
and|becoming soiled.
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Annex C
(informative)

Personnel

C.1 Training

Only trained personnel should be allowed to enter and work in a cleanroom. All personnel should be give
introductory course when initiated into the cleanroom and further periodic retraining (see A.2).

C.2 Access by personnel

People generate contamination. Therefore, only essential personnel should enter the cleanroom. If the
number of people allowed in the cleanroom is controlled, access should be documénted and enforced. Vis
and maintepance people can be allowed into the room by permission and under supervision. They shoul
given an appropriate level of training.

C.3 Clothing and personal items
The type off clothing worn under cleanroom clothing will affect:the’dispersion of airborne particles and fib

Personal indoor clothing manufactured from natural fibres\such as wool or cotton and worn undern
cleanroom [lothing will shed contamination. The provision,;for special cleanroom undergarments shoulg

nan

otal
tors
il be

res.
path
be

considered/ If underclothing is provided, they should be ‘made from closely woven, artificial fibres such as

polyester far effective filtration of body contaminants:.Personal items should be left outside the cleanroom
secure areg. Jewellery, such as rings, watches, and-chains, can puncture cleanroom gloves or dangle out
face masks| hoods or sleeves of the clothing, and-should be avoided. Cosmetics, talcum powder, hair spr|
nail polish ¢r similar materials are undesirable.ih a cleanroom. An assessment should be made of the ris
the producf or process from these types of items. Cosmetics can generate particles that contami
cleanroom ¢lothing, the cleanroom and-products being produced and may be prohibited.

C.4 Hygiene

Cleanroom| personnel are\expected to have good personal hygiene. Personnel should keep dan
controlled, pnd, as necessary, use specially formulated skin lotion to replace skin oils after washing
showering.

Personnel prriving for work should report problems that might increase contamination in the cleanrd
including the ‘following:

ina
side
ays,
k to
hate

Hruff
and

om,

a) conditions such as flaking skin, dermatitis, sunburn or bad dandruff;
b) cold, flu or chronic coughing;
c) allergic conditions that cause sneezing, itching or scratching;

d) in a biocleanroom — high microbial bioburden on personnel.

Depending on the seriousness of the condition with respect to the process or product being produced, it may

be necessary to reassign personnel with such conditions to work outside the cleanroom until the condition

is in

abeyance. In some cleanrooms, it may be required that personnel refrain from smoking for a defined period of

time before entering.
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Cleanroom personnel will change into cleanroom clothing before proceeding into a cleanroom. A method
should be adopted to put on and remove clothing to minimize contamination of the outside of the cleanroom
clothing and to ensure contamination is not spread from the changing area. Several methods are acceptable
depending on the design of the changing area and the standard of cleanliness of the cleanroom. Further
information is described in other sources. [51 (6] [23]

Usually the process begins at the head and proceeds downward to the feet:

1)

Remove contamination from shoes by use of a shoe cleaner, cleanroom mat or cleanroom flo

ring.

2)

12)
13)
14)

15)

16)

NOT
com

Remove unnecessary street clothing.

Remove jewellery, etc. if required.

Remove cosmetics and put on moisturizer, if required.

Put on hair cover, if applicable.

Wash hands and put on suitable moisturizer, if applicable.

Put on cleanroom underclothing, if applicable.

Put on cleanroom-dedicated under-shoes, or shoe covers:

Select cleanroom clothing.

If required, put on gloves for handling cleanroom:clothing.

Put on face and head covering.

Put on coverall or gown.

Put on shoe coverings or special cleanroom shoes, using a crossover bench.
Using a full-length mirror;"ensure that all items of clothing are properly adjusted.

Gloves used for putting on cleanroom clothing can now either be removed, or left on, so t
gloves can be put.on.

Enter the cleanroom.

E JThe“previous list of steps outlines one typical procedure that is commonly used, but many varig
ply with>eontamination control needs for certain types of cleanrooms.

hat process

tions exist to

ether fresh

cIothlng is used on each entry or whether the cIothmg is to be reused Methods for removmg cleanroom
clothing that will be reused are described in other sources ['7]. Special storage methods can be used if the
clothing is to be reused and are described in other sources. [B1[61[17]. Cleanroom clothing should not be

rem

oved from the controlled environment except for transfer to the laundry for cleaning.
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C.6 Discipline and conduct

Cleanroom personnel should conduct themselves in a cleanroom in such a way as to minimize the possibility
of contaminating the product. The following are minimum disciplines that should be considered (more
information can be found in other sources. 6]

— Doors should not be opened and closed quickly, nor left open.

— When using a transfer area, the entry door should be allowed to close and the air to purge or stabilize for
a predetermined period of time before the exit door is opened into the next area.

— Personhnel should not position themselves between clean air supplies and product or process suffages.
Doing ko will increase the risk of dispersing particles onto product or process surfaces. In general,| the
correct| positioning sequence should be: air supply to exposed product to personnel and.then to| the
general cleanroom area and the air return or exhaust.

— Methods should be devised for moving or manipulating the product. “No-touch” techniques should be
used where appropriate.

nel should not support material against their bodies or contamination may be transferred.
— Personnel should not talk when working close to the product.
— Personnel should not allow anything to trail over the product.

lowing should be done outside the cleanroom. Gloves should always be changed afterwards.

nel should also refrain from touching, scratching.ar wiping any skin areas while in the cleanrgom.
0 may require personnel to return to changing @rea to obtain and put on fresh gloves.

nd cleanroom clothing surfaces can easily become contaminated. Personnel should not tquch
inated surfaces that will transfer contamination to critical areas. Each cleanroom must haye a
hat instructs personnel to return to'thé changing area to change into clean gloves or cleanrpom
. Some cleanrooms may allow gloves to be changed in the cleanroom.

— A cleanfroom wipe should be used(as specified and then discarded in the proper waste receptacle.

— All personnel movements should be deliberate and methodical. Rapid walking and movements or gver-
exuberpnt behaviour should’ not be allowed since it will disrupt the airflow. This will both gengrate
contanination and allow.itto be included in the air stream.

— The ropm should beKept neat and tidy.

— Produdts stored or left standing in a cleanroom should be protected from contamination and kept ip an
identifinIe elosed cabinet, container or unidirectional cabinet.

— Waste material should be placed into easily identifiable containers and not allowed to collect
unnecessarily.

C.7 Safety

C.7.1 Preventive measures required by statutory regulations must be implemented to protect personnel
from hazards that may occur or may be in use in the cleanroom, such as microbes, radioactivity and
chemicals. The use of containment cabinets, cupboards or isolators may address these concerns. Information
on preventive methods is discussed in ISO 14644-4 and ISO 14644-7. Suitable protective clothing such as
eye splash shields, gloves and aprons may be required. Local regulatory authorities may recommend or
require additional measures to protect the safety of personnel in cleanrooms.
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C.7.2 Emergency situations may arise and emergency response personnel, trained in all aspects of
potential emergencies, can minimize the effects of mishaps that may occur. All employees should be trained
for an orderly evacuation. If an evacuation is necessary, provisions should be made for the orderly return to
the cleanroom once the situation is cleared. An emergency procedure for supplying fresh cleanroom clothing
should be implemented.

C.8 Personnel initiatives

Elements for formal monitoring and corrective action programmes are described in A.7. However, personnel
shopld understand that they could have a pasitive influence on the effectiveness of the cleanroom. Helpful
coaghing of one to another can have a positive effect on conformance to personnel procedures|. Personnel
shopld be encouraged and empowered to immediately report any observed deficiencies, whether personnel or
facility related, to individuals responsible for cleanroom integrity. Such action will allow gtherwisg unnoticed
confamination sources to be corrected before the problem becomes serious enough*to ‘place products or
progess at risk.
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Annex D
(informative)

Stationary equipment

D.1 General

Equipment that is large enough to be stationary or relatively immovable, once located within the cleanroom, is
discussed [n this section. Stationary equipment often surrounds, envelopes, or encloses the products or
processes for which the cleanroom was provided. Stationary equipment may be in the form of automated|and
mechanical| processing equipment, separative devices, and exhaust hoods as well as other large equipnient.
Usually, exfensive efforts are required to remove or relocate this equipment once installation is completed.

When possjble, equipment to be used in the cleanroom should be manufactured under“clean conditions [and
packaging procedures should be adapted for the requirements of the intended cleanroom.

D.2 Cleapn entry process

D.2.1 Plapning

The process of bringing equipment into the cleanroom shouldynot add contamination. Equipment entering a
cleanroom that is “as-built” or “at-rest” should be properly unpacked and cleaned. Failure to do so will redquire
extensive deanup afterwards. However, special considerations should be made before bringing equipment
into an “opgrational” cleanroom. Failure to do so will expose not only the cleanroom to contamination riskg but
may affect products in process. This will also necessitate additional cleaning and may require the cleanrpom
to be requplified under ISO 14644-2. An appropriate strategy should be developed to avoid problgms.
Guidance ig given in D.2.2 and D.2.3 and in other.sources. (6]

D.2.2 Inspection and removal of non-cleanroom packaging

All equipmgnt should be checked for\damage in transport. Suspected or damaged goods should be isolated or
protected qutside the cleanroom pending appropriate actions. Whenever possible, shipping crates [and
packaging $hould be removed-in.the uncontrolled environment adjacent to the cleanroom. All cardboard [and
heavily shgdding materials-should be removed before being transported into the controlled environnient.
When not gre-packaged,allvsurfaces of the equipment should be pre-cleaned prior to entry of the equipment
into a clearjroom area.(Fhis cleaning is best carried out within the specific transfer area used for equipment
entry If the pquipment is so large that special installation procedures are required, the area should be isolated
from surrounding.cleanrooms or other controlled environments through the use of temporary walls.

Unpacking of equipment should be done in steps to control contamination entering the cleanroom. A
controlled transfer room, or a temporary room built for this purpose and attached to the cleanroom, can be
used for the removal of exterior film packaging materials and surface cleaning before cleanroom entry.

The following is an example of the steps that should be taken during unpacking:

1) The outer protective covering should be vacuumed, beginning at the top surface and then proceeding to
the sides.

2) The protective cover should be wiped, using the appropriate cleaning agent.
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The outer layer of packaging film should be slit at the top in an "I" form and peeled from the top to the
bottom edge. The bottom edge of the packaging film should then be lifted and joined to the sides of the

packaging film.

The unpacking procedures in steps 2 and 3 should be repeated for each additional layer.
surfaces of the equipment should be thoroughly cleaned.

All exterior

All personnel should be wearing the proper cleanroom clothing prior to entering the transfer area from the

cleanroom.

All moving and handling equipment should also be cleaned, in accordance with procedures described in

D.3

Large equipment should be dismantled (if possible) to a size that will enable safe entry, minim

pers
con

Any
befq
cled
uns
wra
coa

D.4

The
Ided
eng
sho
sim
spe

If w

of the operational‘cleanroom must be effectively isolated from the work area. Surrounding the equ

ate
the

a)

D.3.

The transfer area should be cleaned before opening the doors to the cleanroom for-tran
equipment inside.

Transporting equipment

onnel and the existing cleanroom. Physical damage and contamination can result when these
e into contact with fixed surfaces and other tools.

special equipment used for lifting, hauling or positioning large” equipment should be thoroug
re being allowed into the cleanroom. Often, this equipment may not be designed or ma
nroom use and should be thoroughly inspected for‘chipping and flaking surfaces or fq
Litable for transfer into the cleanroom. These tools.‘¢an often be made acceptable by mead
bping and sealing the tool with cleanroom-compatible plastic films and tape. Soft rubber wh
ed with cleanroom tape to avoid leaving trails of rubber or plastic particles on the flooring.

Installation procedures

method used to install equipment’ will depend on how the cleanroom has been designed
lly, the cleanroom should be'closed down during the installation and a sufficiently wide d

Lld be taken to avoid cofitaminating the adjacent cleanroom area during the installation peri
blify the subsequent c¢leaning and testing needed to ensure that the cleanroom is within its
Cification.

brk within the gleanroom must continue during installation, or structural demolition is required, t

mporary dsolation wall or partition can do this. An area should be left around the equipment
nstallation unhindered.

Access to the isolation area should be from a service aisle or other non-critical area, if possib

sferring the

zing risk to
large units

hly cleaned
intained for
r materials
ns such as
pels can be

and used.
oor or pre-

neered access panel provided to bring the new equipment into the cleanroom. Preventivg measures

bd. This will
cleanliness

hen the rest
ipment with
o complete

e. If access

b)

IS not _possible, measures snould be taken 1o minimize the effects of constructio
contamination. Airflow to this isolation area should be maintained at a neutral or negative
reduce the possibility of contamination being forced outside the work area.

-generated
pressure to

A completely sealed isolation area should not be pressurized from within or the possibility of

contaminating the surrounding cleanroom exists if a penetration of the barrier should occur. T

he clean-air

supply inside the isolated area should be blocked to avoid pressurizing the surrounding cleanroom. When
entry to the isolated area is only accessible through an adjacent cleanroom, sticky mats should be

installed to remove shoe-borne contamination. Once inside, disposable boots or shoe

covers and

coveralls may be required to avoid contaminating cleanroom clothing. These disposables should be taken

off before leaving the isolated area.
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c)

d)

)

A method and frequency for monitoring the areas surrounding the isolated area should be instituted to
ensure that any contamination that may leak into the adjacent cleanroom areas is detected.

All facility services, such as electricity, water, gas, vacuum, compressed air and waste piping, will then be
attached. Care should be taken to ensure fumes and debris generated by this operation are controlled
and contained as completely as possible to avoid inadvertent release to the surrounding cleanroom and
facilitate effective cleaning before removal of the isolation barriers.

Accepted cleaning procedures (see Annex F) should then be used to decontaminate the entire isolation
area. All surfaces should be vacuumed, wiped and mopped, including all walls (both fixed and portable),
equipment and floors.

Specia| care should be taken to clean areas behind equipment panels and under equipment.

Some internal preparation and preliminary performance testing of the equipment is now possible, but final
acceptance may require full cleanroom conditions before final testing can be completed.

The isplation walls can now carefully be removed and filtered air sources returned to servide if
deactiviated. This step should be scheduled to minimize interruptions in the regular operation of| the
cleanrqgom. Particle measuring or testing may also be required.

Equipnpent interiors and critical processing chambers should be cleanedyand prepared for use upder
normal|cleanroom conditions.

All appropriate inner chambers and all surfaces coming into contact with the product or involved in| the
handlirjg of the product should be wiped to achieve a desired.cleanliness level. The cleaning procedure
should|be carried out, by working from the top to the bottem of the equipment, as once particles| are
disturbgd, gravity will force larger particles to fall to the bottorn of the equipment or to the floor.

Clean the outer surfaces of the equipment, working from the top to the bottom surfaces.

If necgssary, surface particle checks should "be performed in areas critical to product or prog¢ess

With time, ¢quipment wears out and bécomes dirty or emits contamination unless it is maintained. Preventive

should be carried outto ensure equipment is not allowed to become a source of contamination.
and repair of_equipment should proceed without contaminating the cleanroom. [24][25]

Successful [completion of sugh’repairs should include decontamination of external surfaces. Decontamingtion

of internal

urfaces may.also be needed, if required by the process. The equipment should not only be in

working condition, but.st€ps should be taken to decontaminate internal and external surfaces consistent with

processing requirements.

The following'measures can help to control contamination generated by maintenance of stationary equipmpnt.

a)

b)

24

Equipment being repaired should be removed from the area whenever possible before making repairs to
reduce the possibility of generating contamination.

If necessary, stationary equipment should be suitably isolated from the surrounding cleanroom operations
before proceeding with major repairs or maintenance. Alternatively, steps should be taken to ensure that
all products under manufacture have been removed to a suitable location.

Adjacent cleanroom areas near the equipment being repaired should be suitably monitored to insure that
contamination is being effectively controlled.

Maintenance personnel working in the isolated areas should not come into contact with personnel
performing manufacturing or processing procedures.
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e) All personnel repairing and maintaining equipment in cleanrooms should follow the appropriate practices

f)

g)

defined for the area, including wearing appropriate cleanroom-approved protective clothing, a
the area and equipment after repairs are completed.

nd cleaning

A determination of conditions should be made before technicians lie or crawl under equipment to make

repairs. Conditions caused by chemicals, acids or biohazards should be effectively neutral
proceeding.

Steps should be taken to protect the cleanroom clothing from undue contact with contami

ized before

nation from

lubricating oils or processing chemicals. Rips and tears from sharp edges should also be avoided.

Op4
sho
sea
itm

D.6

Ren
othe
mus
befq

dulatory.censiderations may be involved if the contamination is of a hazardous nature.

All tools, boxes and carts used for maintenance or repair work should be thoroughly cleaned k
exposed to the cleanroom environment. No rusted or corroded tools should be allowed( Stg
disinfection may be necessary in a biocleanroom.

Technicians should refrain from setting tools; spare, damaged parts; or cleaning materials on
nearby work surfaces used for product and process materials.

Care should be taken to clean as repairs proceed so that contamination does' not build up.

Gloves should be changed regularly so they do not deteriorate and”permit bare skin to
surfaces.

When gloves other than cleanroom gloves (e.g. acid-, heat~.or cut-resistant types) are re
should be either cleanroom compatible or covered with apair of cleanroom gloves.

Vacuum cleaners should be used during all drilling er,sawing operations. Maintenance and
operations often require drilling or sawing. Special shrouds can be used to contain the to
being drilled or sawn.

n spaces remaining after holes are drilled in floors, walls, sides of equipment or other su
Lild be properly sealed afterwards to prévent contamination from entering the cleanroom. |
ing may include use of caulks, adhesives and specially fabricated plates. When maintenance
By be necessary to verify the surface cleanliness of the equipment that was repaired or maintai

Equipment removal

r inaccessible surfaces that have not been routinely cleaned. This is especially true when the
t be disassembled’before removal. Steps should be taken to isolate, clean, and contain such
re and during4emoval to avoid contaminating the surrounding cleanroom.

efore being
brilization or

adjacent or

ouch clean

uired, they

construction
bl and area

ch surfaces
Methods for
s complete,
ned

noving stationary equipment from the cleanroom often stirs up or loosens contamination fronp internal or

equipment
equipment
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Annex E
(informative)

Materials and portable equipment

E.1 General

ltems that
cleanroom

consumable and disposable supplies, and production and cleaning materials, as well as hand."tools
uipment. The ability to sterilize or disinfect reusable materials and portable equipment should be

portable eq
considered

E.2 Critdria for selection

E.2.1 Chgracteristics
To protect g cleanroom from contamination, materials should have the following characteristics:
— surfacgs and moving parts that shed or generate as little contamination as possible;

— unbroken, impervious and clean surfaces, although there are necessary exceptions, such as cleanr

wipers

— properfies that minimize generation of contamination by shedding and cutting;

— suitabl¢ cleanroom packaging;

— compa

E.2.2 Othgr criteria
The following additional criteria.should be determined according to the purpose and usage within a cleanrd

— free frgm undesirable)chemicals (e.g. acid, alkali, organic);

— accept

— low oufgassing properties;

can easily be transported into and out of the cleanroom can compromise the cleanliness\off
if they are not properly selected, handled and stored in the correct quantities. This-inclU

in biocleanroom applications.

ibility with the cleanroom envirgnment.

hble anti-static properties;

the
des
and

pom

om:

— free from micro-organisms;

— compatible with sterilization or disinfection procedures in biocleanrooms.

E.3 Preli

minary testing

Preliminary testing and auditing should be performed as agreed upon between customers and suppliers.
Testing procedures performed by the supplier may be deemed sufficient for entry and use in the cleanroom.
However, certain applications may require that additional testing be performed before some materials are
brought into or used in the cleanroom. Incoming inspection criteria and sampling methods should be fully
documented.

26
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A secure storage location may be necessary to avoid unauthorized use while materials are waiting for
acceptance. Strict quarantine measures may be necessary for biologically sensitive materials. Test equipment
and methods should be fully documented. Acceptance limits and authorized personnel should be identified for
final approval or disposition of non-conforming materials.

A procedure for communicating problems to the supplier should be instituted. The supplier should be expected
to react with plans to improve its quality and avoid further shipment of non-conforming materials. The supplier
should notify the customer prior to making critical changes to approved materials or supplies used in the
cleanroom. Evaluation methods and technologies should be reviewed periodically. Some incoming inspections

may be eliminated when data show that the supplier has a proven quality record.
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E.4

Mat]

Cle
cle’{nroom side and Carry such items into the cleanroom. A clean cart or trolley should be useq

Entry and exit procedures

1 Unpacking and entry procedures

r'ying materials into the cleanroom should not contribute contamination to the‘cleanroom. M
blies that are carried into the cleanroom are subject to procedures similar to those described in

materials and portable equipment that are compatible with the cleanroom classification and
prought into the cleanroom. Outer contamination-generating packaging, such as wood, cardb
other materials, should be removed before entry to any part of the controlled or cleanroom en
r plastic wrappers should not be removed at this time. Any jinterior packaging should be
ropriately moistened cleanroom wipers to remove any gross contamination from the oute
re being carried into the controlled environment or specific.;area used for removing cleanroom
ous types of non-wrapped portable equipment require_careful cleaning before entering the cle
discussed in E.5. A designated transfer area, adjacent to the cleanroom, should be used for
edures. The changing area should be avoided forthis purpose to avoid contaminating cleanro
orking surface and wiping materials should becreadily available in this location for the task of
r surfaces of the object to be transported -into the cleanroom. The outer wrappers of doul
Kaging can now be removed and placed in(an appropriate rubbish receptacle. Final packaging
emoved prior to use of the material or ebject.

wheeled, portable equipment, ineluding carts and trolleys, should be thoroughly cleaned b
ved to enter the cleanroom. Cleaning efforts should not overlook the surfaces of wheels that
bss contamination directly onto the cleanroom floors. Sticky mats or flooring will help preve
irring.

nroom personnel, (corfectly dressed in cleanroom clothing, may enter the transfer are

erous or large items into the cleanroom.

2 Entry of materials through pipes

erials 'such as bulk chemicals, compressed gasses and water generally enter the cleanro

aterials and
Annex D.

use should
pard, paper
vironments.
wiped with

packaging
packaging.
hnroom and
final wiping
bm clothing.
cleaning all
le-wrapped
should only

efore being
can transfer
nt this from

a from the
to transfer

bm through

pipe

s-ZSuch materials are subject to the procedures that govern the introduction and intended

se of those

materials to the facility.

E.4

E.4.

.3 Exit procedures for materials and portable equipment

3.1 Personal and small equipment

Many items used by personnel are routinely removed when personnel leave the cleanroom. These items may
include notebooks, pens, hand tools and other types of small portable equipment. These items should be
protected from becoming contaminated through the use of approved plastic bags or other suitable means.
This procedure will facilitate re-entry to the cleanroom at a future time.
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E.4.3.2 Waste Materials

Certain waste materials and portable equipment may have a higher risk of transferring contamination to
personnel and their clothing. Steps should be taken to completely contain any such materials before transport
and arrangements made to thoroughly clean such areas before personnel or processing is allowed to
continue. Such objects should preferably leave the cleanroom (after being packaged) via transfer areas for
material rather than via changing rooms for personnel.

E.5 Types of materials and portable equipment

E.5.1 Gern

Materials d
vary accor
contaminati
to E.5.18.

E.5.2 Cle

Cleanroom

E.5.3 Sol

Cleaning s¢lutions are used to aid in the removal of contamination“from surfaces in the cleanroom. S

particles ar
cleaning, c
These solu
cleanroom.

bsignated for use in the cleanroom should conform to desired cleanliness levels. Considerat
ding to the desired use in the cleanroom and should be selected to control’ cleanr
pn and protect the process during use. Many items typically used in cleanrooms ‘are listed in B

Clean-filtered, distilled or deionized water.hias many desirable properties but such water can cor

eral

hnroom clothing materials

clothing materials are described in Annex B.

itions and finishes used in cleaning

e floated off by the cleaning solution and others .are’ pushed off through use of a wiper. A
prtain finishes are also used to protect or preserve-characteristics of surfaces in the cleanrd
tions and finishes should be as clean as reguired to meet the particle requirements of
The filtration of pre-packaged solutions should-be considered. The following are types of clea

types of surfaces and may be lineffective in cleaning without the addition of a surfactan

ants and detergents are~the most reasonably priced, non-toxic, non-flammable and effec

g agents. However, nen-ionhic surfactants are generally preferred for cleaning cleanrooms as

C solvents canalso be used for removing contamination on hard surfaces. Organic films are

d with organie‘solvents or detergents. (Detergents tend to leave behind a film.)

Ctants aredsed to kill micro-organisms. Care should be taken to select an appropriate material
contapninate the process or become harmful to personnel or equipment [26],

ons
bom
5.2
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om.
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floors require special care and sealers should not compromise the surface or electrical characteristics.
Any sealing operations should only be done when cleanroom manufacturing is stopped or during general

solutions and finishes:
a)
certain
disinfe¢tant.
b) Surfact
cleanin
group is the least reactive and-does not contain metallic ions.
c) Organi
remove
d) Disinfe
will not
e) Synthetiesealers—that-arehighlyresistantto—wearean—be
maintenance periods.
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E.5.4 Wipers

Wipers are used to remove contamination from surfaces in the cleanroom. Unfortunately, there is no single
perfect wiper that suits every application within the cleanroom. Some wipers are absorbent but shed particles
or fibres; others don't shed but do not absorb. Information on the selection of wipers is described in other
sources. [101[271[28] The needs of the application should be considered and an appropriate evaluation should
be performed. The following characteristics should be considered when selecting wipers for cleanroom use:

a) wiper material;

b) solution or solvent compatibility;

c) |absorption rate of liquids;

d) |particle generation (both wet and dry);

e) |extractable molecular contamination;

f) |sterilization compatibility, if necessary;

g) |packaging.

E.5/5 Vacuum cleaners, hoses and handles

The selection and use of cleanroom-compatible vacuum cleaning equipment is important for an effective
contamination control programme.

a) |Portable vacuum cleaners are constructed of stainless steel or plastic. All outlet air must floy through a
terminal HEPA or ULPA filter before being allowéd-to escape to the surrounding environment. Vacuum
cleaners capable of handling damp and liquid materials are also available for the cleanroom.

b) |Built-in vacuum cleaner systems employ.-a large, centralized vacuum pump, usually in a gervice area
outside the cleanroom environment, whieh is connected by a system of plastic piping to wall outlets in
each area of the cleanroom.

c) |Hoses, handles and tools should be matched to the application and constructed of cleanroomrcompatible
materials.

d) |Arrangements should bé made for routine inspection and maintenance of all equipment psed in the
vacuum cleaning process. The HEPA or ULPA filters of the vacuum cleaning equipment should be tested
and/or replaced onf@regular basis to ensure that they do not become a source of airborne contamination
in the cleanroom.

E.5(6 Mops

env|ranment (including changing and other controlled areas). Mops should be carefully selected to resist
sheflding of fibres and the effects of sterilization, if so required. Floor mop heads should be copstructed of
polyester fibres or open-celled hydrophilic (synthetic) materials. Block or sponge mop heads should be
constructed of open-celled hydrophilic (synthetic) sponge material. Handles and fittings should be made of
stainless steel, anodized aluminium, fiberglass coated with polypropylene, or other non-shedding plastics and
should be compatible with the operation of the cleanroom mops. Roll mops (similar to paint rollers) with a
slightly sticky surface may be used when appropriate for removing contamination from wall surfaces without
applying any moisture. Roll mops are available in both renewable and disposable forms.

StarLdard commercial or industrial grade mops and handles should not be used within the| cleanroom

When purchasing synthetic mops or handles, one should be cognizant of the intended cleaning application.
Polyvinyl acetate (or equivalent) mop heads are acceptable when used with aqueous cleaning solutions.
However, the mop heads will prematurely deteriorate when used with cleaning agents containing high levels
of isopropyl alcohol. Some materials used in handles or mop heads are not compatible with steam
sterilization. Polyester offers better resistance to autoclaving than polyvinyl acetate.
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E.5.7 Buckets and wringers

Buckets or containers with wringers that are compatible with the cleanroom operation are required for wet or
damp cleaning operations. The buckets or containers should be constructed of plastic or stainless steel (not
galvanized). Stainless steel buckets can be repeatedly autoclaved. The wringer system used in mopping
should be compatible with the style and material of the mop head.

E.5.8 Floor scrubbers, buffing and waxing machines

Standard commercial floor scrubbers or buffers should never be used within an operating cleanroom, as the

process wi

dd contaminatetheonvicanment—Snecial-machinace-decianad for csernbbina—cleanroom-—floors.
To—-CortarHato—tHe—orvyortHert: peorat—Traorme STgHea =4 DT H OO 1O

are

available. T
control con
chambers.

equipment.

hese machines have special shrouds and built-in HEPA or ULPA filtered vacuum cleaner
amination redistribution. They also have HEPA or ULPA filtered exhaust casings for the’m
Careful evaluation for cleanroom and flooring compatibility should precede the ,use of s
Waxes and other non-permanent sealers flake off and cause contamination with “traffic

therefore any equipment used to apply or buff such finishes are never recommended.

For specific

E.5.9 Ste

Stepladders
cleanroom-
entry.

types of flooring refer to ISO 14644-4.

bladders

should be of stainless steel, anodized aluminium or reinforced fibreglass and should not leavg
controlled area. They should be thoroughly cleaned (disinfected or sterilized if necessary) be

E.5.10 Brooms or brushes

Brooms, br
particle gen

E.5.11 Re

ishes, or similar tools should not be used in antoperational cleanroom, as they will cause g
eration. The bristles themselves are very large.fibres that are also a contaminant.

ceptacles for rubbish and recycling

Used matetials, by-products and other waste'generated inside the cleanroom should be removed as soo

means for the collection, containment and storage of wastes should be provided to protect
rom these contamination sources while waiting for removal. Removal procedures are discusse
g criteria should be €onsidered when selecting receptacles for collection of these materials:

pf the materials.to be discarded or recycled;

equirements;

mental"hazards;
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a) nature
b) safety
C) enviror
d) liningn
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floor space available;
size required, based on frequency of collection;
material of construction;

cleanroom compatibility.
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E.5.12 Cleanroom mats and sticky flooring

Cleanroom mats and sticky flooring can be used as a barrier to help control foot-borne contamination from
entering the cleanroom. The size (particularly the length) and location of the mats/flooring are the major
factors governing the effectiveness for the removal of foot-borne contamination. Two major varieties of

available mats/flooring are:

a) Disposable — Multiple layers of adhesive, plastic film with the sticky surface facing up.

removed and discarded as they get dirty.

b)

Layers are

Reusable — Resilient polymeric mat with a naturally sticky surface, to be cleaned when it becomes dirty.

E.5/13 Clean containers and packaging

Clean containers can be used for transporting or isolating sensitive materials and products to a
clegnroom while waiting to be used or processed. Surface cleanliness and isolationcharacteristic
congistent with the intended use of the enclosed materials. Entry and exit procedures as stated in
be fpllowed. Frequent cleaning may be necessary to avoid contamination buildup during use. Sped
and| verification of cleanliness may be required before reuse.

Matgrials that may be used to protect or package finished products made' in the cleanroom shol
and| compatible with the cleanroom. Selection should be based on particle generation
confamination, electrostatic properties, outgassing and other coneerns. Tapes that are used
clegnroom should have adhesives that leave minimal residues when removed.

E.5{14 Hand tools, boxes and maintenance equipment

Harld tools should be compatible with the cleanrgom classification, products, stationary equ
prog¢esses with which they will come into contact.-They should be kept clean and free from contam
kings.

Boxes or cases that contain tools and other-repair or diagnostic equipment are often overlooked
confamination. They should be made pf\stainless steel or synthetic materials that resist or protect
gengration or transfer of contamination. Any use of moulded inserts or dividers that ca
confamination such as open-celltfoam, vinyl-covered wood or pressboard (wood-chip board
avo|ded. Boxes should be thoroughly cleaned on a regular and scheduled basis (with tools and

the environment, “toolboxes and cases should never be opened outside the cleanroom

extgrnal cleaning shoutd'be required before being allowed back inside the cleanroom.

Car
mug

s and trolleys‘routinely used for transferring maintenance and other supplies into and out of the
t be thoroughly cleaned before re-entry.

NOT
bioc

E Initial and routine sterilization or disinfection of the above items may be required when
eanroom.

nd from the
5 should be
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Id be clean
microbial
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pment and
nation of all
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against the
N generate
should be
instruments
l inside the
If removed
. Thorough

b cleanroom

used in the

E.5.15 Safety equipment

Safety goods and equipment used in the cleanroom such as chemical gloves, aprons, face and arm shields,
self-contained breathing apparatus, chemical absorbing pads and fire extinguishers should be selected for

their intended safety requirements as well as compatibility with the intended cleanroom.

E.5.16 Written documentation

Contamination from documents, within the cleanroom, should be controlled. Methods for documentation will

depend largely on the use and classification of the cleanroom.
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Paper and paper products will contaminate the cleanroom. All documents should be printed on lint-free,
cleanroom-compatible media or thermally laminated between plastic films. Information on the selection of
such substrates is given in other sources. [28] Use of such media in the form of labels, log sheets, equipment
repair manuals, reports and notebooks should be controlled and kept to a minimum. Label adhesives should
leave minimal residues when removed from surfaces.

Writing instruments can become sources of contamination to the cleanroom, products or processes. Pencils,
rubber erasers and felt-tipped and retractable pens should be avoided. Pens should be of the non-retractable,
ballpoint style with inks that are permanent and compatible.

E.5.17 Electronic documentation

The use of
log books,
should be ¢

Computers
affect the c
such exhau

Keyboards
continuous

Printers int
similar ma
contaminati

computers for work in progress will eliminate the need for many sources of contamination\suc
og sheets, process documentation and others. Installation and use of computers and'periphs
pmpatible with the classification of and intended location inside the cleanroom.

often employ internal cooling fans. Consideration should be given to how the/exhaust air
eanroom and critical surfaces surrounding the computer. Methods may need, {0 be devised to
st directly to air returns or through portable filtration units, depending on c¢leanliness requireme

have recesses around the pushbuttons that may trap and release particles. Use of fle
films or covers placed over the keyboard will facilitate cleaning and reduce contamination.

prfaced with such computers should be appropriately containgd or isolated and exhausted
hner. Printer maintenance should be performed carefully to avoid dispersal of resi
pn generated by the printing operation.

E.5.18 Other materials

Other mate
should exhi
of the clear]
compatible

rials, including those directly used in the production process, are taken into the cleanroom. T
bit the lowest possible contamination propetrties for the application intended and the classificg

with products and processes.

E.6 Storage

Materials ¢
storage anq
an environ
accumulatig

Certain cla
reached. O
The use of

an become contaminated or ineffective if improperly stored while waiting to be used. Pr
controlled storage.methods are critical to preserve their effectiveness. They should be storg
ment that protects them from degradation and contamination. If not properly stored,
n of unused materials in the cleanroom presents a risk of contamination.

5ses and\types of waste materials are stored in the cleanroom until specified limitations
ten, these limits are regulated by agencies or by recycling programmes set up for the cleanrd
pecialized containers may also be required.

h as
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room. They should enter and be contrelled in an appropriate manner as described above and be
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Cleanroom cleaning

Overview
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nrooms are designed to be as free from contamination as possible. Facility and maintenance
ufacturing processes, the presence and activity of personnel and other factors may cause co
e generated and dispersed on surfaces in the cleanroom. Therefore, all surfaces-should
uently enough to prevent this from becoming a risk to the manufacturing processy Procedure

sistent with recommended cleanroom practices for the facility. When feasible)\cleaning should

hg manufacturing operations. If this is not possible, special cleaning procedures should be

mize risks. Information is available in a number of documents that will.assist in effective cl
nroom [29]1 [31]1[32],

E Some processes generate contamination as a by-product. It is better to identify and attem

Aamination from such operations than to rely on cleaning to control the.contamination.

Surface classification

1 General
cleanliness of areas and surfaces should(be classified and designated based upon how they

products and processes performed inthé cleanroom. Effective application of this classifica
ul in developing the proper cleaning.strategy for the cleanroom.

2 Critical surfaces

aces classified as criticalyare located at and around the point of manufacture or produ

5:2004(E)

operations,
ntamination
be cleaned
5 should be

cified to ensure that thorough and complete cleaning operations are performed in a mamner that is

be avoided
devised to
eaning of a

bt to contain

may affect
tion will be

ttion where

amination can gain difect access to the product or process. These surfaces should be kept t
arative devices, inclading unidirectional airflow equipment, clean benches or workstations,
rol the cleanliness of these surfaces.

3 Generalcleanroom surfaces

surfaces within the cleanroom that are not at the point of production or localized by unidirect
considered “general”’. They should be cleaned on a regular basis to prevent transfer of contam

!

e cleanest.
sually help

onal airflow
ination onto

criti

cal-surfaces.

F.2.

4 Surfaces of changing rooms and transfer areas

Surfaces of changing rooms and transfer areas can become highly contaminated due to the high level of
activity. Frequent cleaning is necessary to minimize the level of contamination and to reduce the transfer of
contamination into the cleanroom.
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F.3 Basic cleaning

F.3.1 General

Maintaining the cleanliness of a cleanroom is a meticulous set of tasks. Cleaning levels should be defined and
basic methods for attaining those levels should be developed. Approved methods can then be applied to
every surface within the cleanroom to achieve the desired resuilt. [101(29] [30] [31] [32]

F.3.2 Basic cleaning categories

The act of
cleanliness
are describ

Gross
diamet
changi
proces
and eq

tleaning can be divided into three different categories depending on the current state and deg
of the surface once cleaning is completed. These are gross, intermediate and precision,
bd as follows:

br. Contamination of this size is usually found on floors and is typical of the\type carried
ng and transfer areas. Broken or spilled materials resulting from the production operatio
5 are additional sources of contamination that end up on work surfaces.and floors. Construg
Lipment maintenance activities also can often generate gross particle contamination.

Inter

m
10 pmfo 50 ym in diameter. Performed on general cleanroom surfaces; intermediate cleaning is us

associated with walls, benches and clean hallways. This size of)‘contamination remains after g

cleanin

Precis
10 um
stored

F.3.3 Vac

Vacuum clg
both gener
wiping. Vagd
Vacuum clg
floor level g

The use o
cleaning. S

particles du
drying proc

F.3.4 Wet

Wet cleani

diate cleaning involves the removal of smaller particles of contamination, typically ranging

g methods are used. Intermediate cleaning provides the next'level of cleanliness.

on cleaning is needed to remove remaining particulate contamination that is generally less
n diameter. Precision cleaning is generally employed*on or near critical surfaces where produ
and processed.

uum cleaning

aning can be used in gross and intermediate cleaning operations as a basic first step to clea
bl and critical areas. Vacuum cleaning is a prerequisite, not an alternative, to mopping or
uum cleaning is effective in removing larger particles and other debris such as glass fragmg
aning should be performed-in~deliberate, unidirectional strokes to minimize air turbulence at
hd at operator height.

HEPA/ULPA vacuum-cleaners or in-house central vacuum systems is employed in vac
stems that can accommodate wet materials are helpful for removing excess water and susper]
ring and after the mopping process. Vacuum cleaning can also be useful in helping to speed
bSS once mopping is completed.

cleaning

]‘rom
ally

ired
and

cleaning involves the removal of large particles of contamination usually greater.than 50 pym in

into
N or
tion

[OSS

han
ct is

ning
wet
nts.
the

lum
ded
the

ng-methods where liquid is applied to a surface and removed through wiping or vacuur

ning

methods ca

n be employead In all stages of Ccleaning. Viethods Tor wet Ccleaning Include:

Scrubbing is a gross cleaning method that employs machine or manual methods to remove stains or

heavily soiled areas. Care should be taken to control any contamination that may be generated by the
equipment or materials used in scrubbing. Mopping or wet vacuuming procedures follow scrubbing.

Mopping is an effective method in gross or intermediate cleaning for removing contamination. Mopping

can also be used for removing residues from spilled liquids left after wet vacuuming is completed. Wet
wipers may be used in small or localized areas. Mops are used for floors and other large areas. The mop
bucket should be filled with clean-filtered de-ionized or distilled water and changed frequently to avoid
recontamination. The more critical the surface, the more frequently the water should be changed. Water
coloration indicates the need for the bucket to be emptied, cleaned and refilled for use in the gross
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cleaning mode. Intermediate and critical areas should show little or no coloration througho
use, so cleaning procedures for these areas should define the allowable surface area to

5:2004(E)

ut specified
be cleaned

before changing the water. Two (or multiple) bucket systems can be used to reduce the frequency of
rinse water changes. Non-ionic detergents or surfactants can be added if necessary. Mops should be well
squeezed to avoid puddles. A damp mop will produce a damp surface that will dry more quickly. A
systematic method, using overlapping strokes should be employed to ensure complete cleaning of floor
surfaces. Frequent rinsing and turning of mop surfaces help to avoid recontamination of previously
cleaned sections of the floor. Mop heads should be rinsed frequently to avoid recontamination of the mop
head. Specialty mops are also available for removing intermediate-sized contamination from walls, and

floors (see E.5.6).

F.3|{5 Damp cleaning
Wipling techniques are used in most phases of cleaning. Wiping produces results that support ipntermediate
and| precision cleanliness for general and critical surfaces. The chosen wiper should be dampered with the

app
sho

areas, following the direction of unidirectional airflow. As wiping proceeds, wipers/should be folde
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ropriate cleaning solution. The solution is dependent upon the type of contaminant\being remo
Lld always be done in unidirectional, overlapping strokes, proceeding from mast critical to

unused surface area. The wiper should be replaced as frequently as, needed to avoid
aminants to other parts of the cleanroom surface.

Cleaning specific surfaces

1 Identifying surfaces to be cleaned
surfaces within the cleanroom can become contaminated and should be cleaned at som
rval. It is important that all surfaces be identified @ccording to how critical the cleanliness of th
he product or process performed in the cleanroom. Cleaning techniques can then be deV
Cified to ensure that the required level of cleanliness is attained.

2 Floors and subfloors

5s contamination can be remaqvéd first by vacuum cleaning e.g. glass or product fragments.
born stains should then be_ identified and addressed with predetermined scrubbing procedure
Lild be wet or damp mopped-according to predetermined procedures. Water or cleaning sol

ning process continues./Larger floor areas should be divided into manageable segments so th
eed in an orderly-manner. Cleaning should begin in critical areas and proceed through generd
pin cleanroom applications may require a different routine. Repeating the mopping procedure
ner surfacesdf'greater cleanliness levels are required.

ng opefational hours, it may be necessary to cordon off the area and redirect traffic fld
jerous-falls by unwary personnel. Damp mopping or wet vacuuming after mopping will spee
ess.

u
changed frequently enqugh to minimize the spread of dissolved or suspended contaminj

ved. Wiping
east critical
H to provide
transferring
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tion as the
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i the drying

Wet washer/scrubber systems, followed by wet vacuum cleaning, can be used to remove stubborn stains and
floor stains. These systems are described in E.5.8 and should be thoroughly cleaned before and after each
use.

F.4.3 Walls, doors, return grilles, windows and vertical surfaces

In unidirectional flow cleanrooms, surfaces upstream from product exposure should never be cleaned in the
operational state. Upstream surfaces should only be cleaned in the at-rest state or after products have been
removed from the area or covered. Contamination should be removed using wiping methods or special
purpose or roll mops. Choice of method should be determined based on state of cleanliness desired and
configuration of the area being cleaned. In non-unidirectional flow cleanrooms, surfaces should not be cleaned
during normal operations.
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