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Low-pressure plasma offers a very wide range of options for modifying surfaces. Just a few applications
include fine cleaning of soiled components, the plasma activations of plastic parts, etching of PTFE and
silicon, and the coating of plastic parts with materials similar to PTFE.

In this respect, low -pressure plasma is used in the most diverse fields where materials must be joined or
the surfaces properties altered specifically.

Low-pressure plasma technology involve s exciting gas in a vacuum through the supply of energy. This
generates high -energy ions and electrons as well as other reactive particles that form the plasma. These
can be used for effective alterations to surfaces. There are three different plasma effec ts:

1 Micro sand blasting: lon bombardment removes material from the surface
1 Chemical reaction: The ionised gas reacts chemically with the surface

1 UV-irradiation: UV irradiation breaks down long chain carbon compounds.

The Plasma effects vary depending on the process parameters like pressure, input power, process
duration, gas flow, and gas composition.

So more than one effect can be obtained in the one process step.

The success of a plasma process is verified with so called plasma indicators. A succes sful process may be
assumed when the points disappear completely.

Further details on our low -pressure plasma systems can be found in the provided process folder or on
our website at www.plasma.com.
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ADVANCED INFORMATION

This operating and maintenance man ual is an integral component of the product and descibres the safe
and proper handling of the system. It contains important information on operating safety and must
therefore be

1 Read carefully prior to use
Stored for the entire service life
Made accessible for the operating and maintenance staff at all times

Forwarded to each subsequent user

= =4 -a -4

Updated with each supplement received from the manufacturer

All details and information are made to our best knowledge in consideration of our current experience
and knowledge.

The information contained in this operating and maintenance manual and the documents provided do
not make any claims or guarantees about the completeness and accuracy.

Photos and other illustrations can contain components that are not part of the scope of delivery of Diner
electronic GmbH & Co.KG.

This operating and maintenance manual was created based on the requirements of the
EC Machinery Directive.

This operating and maintenance manual refers to the scope of services of Diener
electronic GmbH & Co. KG and provides you with basic information on the function and
the correct handling of the system as well as possible risks that can occur through the
operation of the system.

More information and specifications must be obtained from th e documents provided by
the component manufacturer.

Please observe the provided documentation/ operating and maintenance manuals of the
component manufacturer, e.g. safety information and danger warning, safety date

sheets, plans, schemes etc.!

The specifications from the operating and maintenance manuals of the component
manufacturer must be considered with priority to the basic information listed here.

Equipment that is not part of the scope of services  of Diener electronic GmbH & Co. KG is
ignored.

This operating and maintenance manual must be stored near the system!

Diener electronic GmbH & Co. KG does not assume any liability for damages resulting from
improper use.

The German version of this operating and maintenance manual is legally binding.
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Terminology / glossary

As an operating and maintenance manual, this inevitably makes use of specialised technical terms.

Explanations of the most important terms can be found on our website at
https://lwww.plasma.com/plasmatechnik/lexikon/
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1 GENERAL INSTRUCTIONS - EC DECLARATION OF CONFORMITY -
CORRECT AND PROPER USE

17 ProductID

If you have any questions about the system, please specify also is serial number and the year it was
manufactured.

The serial number and the year of manufacture can be found on the system's type plate and on the
cover sheet hereof.

If you are ope rating more than one of our systems, check before using the operating and maintenance
manual that it agrees with your system's serial number.
Even the same system type and appearances may differ in their equipment and operation.

. Diener electronic GmbH+Co KG . alactroni (;.
R diener

Fax: +49 (0)7458/99931-50 Plasma-Surface:Technology
Www.plasma.com

Germany
Tel: +49 (0)7458/98031-0

Serial-No.: I 17 | U MD30V J

Type: |Nano-AL-PCE] llAl:r6,3A | |
pee: | 04/2017 _|fizt| 50/60 | |
g\

ce

. Made in Germany

Figure 1: Example type plate
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1.2 Manufacturing specifications
Diener electronic GmbH & Co. KG

Nagolder Str. 61

D - 72224 Ebhausen

Tel. +49 (0) 7458 /999 31 7 0

Fax +49 (0) 7458 / 999 31 7 50

E-Mail: info@plasma.com

Internet: www.plasma.com

1.3 Copyright
The Copyright (Copyright ©) for the present documentation remains with Diener electronic GmbH & Co.
KG, and partially with the suppliers of the third party documentation.

The informa tion contained herein is only intended for the operator of the system supplied by us and
must not be changed, expanded, reproduced, stored/ prepared on data -technical equipment without our
prior written permission nor be used in contradiction to other legi timate interests.

Copyright © Diener electronic GmbH & Co. KG, 15. Juni 2023
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1.4 EC Declaration of Conformity

We hereby declare that the system described in the following

System type

Low-pressure plasma system

Type Tetra 30
Serial-Nr. 123168
Year of manufacture 2023
Customer TDK India

Owing to is concept design and make and in the version we have placed on the market

1 Conforms to the pertinent conditions in the EX machinery Directive, including is amendments
applying at th e time this declaration was issued

1 Corresponds to the essential health and safety requirements in the EX Machinery Directive for the
interfaces described in the operating and maintenance manual

1 Conforms also to the pertinent conditions in the following EX Directives, including their amendments
applying at the time this declaration was issued:

Applied EC Directives:

2006/42/EG EC Machinery Directive - Essential health and safety
requirements Annex |

2014/35/EU EC Low Voltage Directive

2014/30/EU EMC Directive

2002/95/EG RoHS-Directive

Applied harmonised standards, specifically*:

DIN EN ISO 12100:2011

Safety of machinery - General principles for deign - Risk
assessment and risk reduction

DIN EN 60204-1:2019

Safety of machinery - Electrical equipment of machines - General
requirements

EN 60204-11:2000

Safety of machinery - Electrical equipment of machines - Partll:
Requirements for HV equipment for voltages above 100V ac. or
1500V dc. and not exceeding 36kV

EN 61000-6-2:2019

Electromagnetic compatibili ty (EMC)- Generic standards -
Immunity standard for industrial environments (EMC immunity
standard)

EN 61000-6-4:2020

Electromagnetic compatibility (EMC) - Generic standards -
Emission standard for industrial environments (IEC 61000 -6-
4:2006+A1:2010), Germany version EN61000 -6-4(EMC emission
standard)

EN 61000-4-3:2006 + A1:2008 +
A2:2010

Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques - Radiated, radio -frequency,
electromagnetic field immunity test.
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* the applied s tandards were valid at the time this declaration was issued, this list does not include the
directives and standards named in the suppliers' EC Declarations, see here the suppliers' EC Declaration.

This declaration becomes void when the system is modified  or used for any purpose without our prior

agreement.

Date: 2023-06-15

Signature

C . D

Diener electronic GmbH & Co. KG
Christof Diener
Managing Director

Diener electronic GmbH & Co. KG
Nagolder Str. 61

D - 72224 Ebhausen

Tel. +49 (0) 7458 /99931 z 0
Fax +49 (0) 7458 /999 31 7 50
E-Mail: info@plasma.com
Internet: www.plasma.com

DIENER ELECTRONIC | MANUAL Tetra v1.0

Seite 12 von 204



mailto:info@plasma.com

15 Correct and proper use/ Limits of use

In general, Diener electronic GmbH & Co. KG provides a syst em for generating a plasma.

Depending on the equiptment level, possible uses are the treatment/ processing of workpieces in a
plasma, e.g.

1 Activation and cleaning of work piece surfaces
1  Etching of work piece surfaces

1 Coating of work piece surfaces

1 Functio nalisation

Based on the following defined in the order

1 Processing methods

1 Gases/ Substances

1 Work piece properties

Every plasma system is equipped for the specific requirements of the specified processes as part of sop
called "process development”.

N The description of the system's

1 Possible processing methods
1 The approved gases, substances

From the process, development implemented by Diener electronic GmbH can be found in
the chapter "Overview of technical data/ Approved processes, gases, and substances".

CAUTION!
Only those processes may be applied and those gases/ substances used that Diener electronic
GmbH & Co. KG has released for the system.

DANGER!
The use of processes and gases/ substances for which the system has not been designed and
equipped may cause serious damage to the system, hazards, and grievous!
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The system is used correctly and properly when the process development has been
implemented through or with the cooperation of Diener electronic GmbH & Co. KG and the
process and is configuration have been released in writing by Diener electronic GmbH & Co.
KG.

The operator assumes sole responsibility when he modifies processes or configures and
implements new processes.

Furthermore, any and all liability and/ or warranties of Diener electron ic GmbH & Co. KG
become void with immediate effect.

This is also the case when the operator has requested Diener electronic GmbH & Co. KG to
release protected safety functions and parameters, or persons instructed by Fa. Diener
electronic GmbH & Co. KG hag communicated or otherwise made accessibnle safety
passwords to unauthorised parties.

Diener electronic GmbH & Co. KG shall assume no liability for direct and indirect damages
resulting from improper use of the system.

Please observe the provided da@uments, plans and schemes, control documentation, electrical
schematics and the documents of the component manufacturer, which are also an integral
component of this correct and proper use.
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Basic requirements for normal operation

|l

The System must ony be used, if it is ensured that it can be safely operated.This includes,
among other things:

That the system is sited, connected, commissioned, decommissioned, and dismantled only
by the operator's personnel instructed by Diener electronic GmbH & CoKG

The completeness and caution of all safety equipment (e.g. safety switch, complete and
correct fastening of all cladding, systems closed and locked, etc.)

The reliable function of the emergency off, signalling, and alarm units

The undamaged, flawless condfion and safe function of all components and fittings
installed in the system.

The tightness of the process and flushing gas, ventilation, and exhaust air system.

The adequate tightness of the negative pressure/ vacuum system
the seals at the chamber doo r and lead -throughs in the chamber must be
undamaged and tight.

_tightness of systems that introduce substances into the chamber or expose
them to a process gas (e.g. monomer systems, etc.)

The system is operated and worked on by trained and sufficiently qualified personnel only

individuals responsible for dealing with the substances/ gases used must have sufficient
expertise and must be trained

Individuals that change processes and process and system parameters have been trained
to do so by Diener electronic GmbH & Co. KG and have sufficient expertise so that the
processes can be executed in a safe, functional systerspecific manner (See also chapter
"Training/ Instruction")

Observing the instructions in the safety data sheets for the mediaand materials used
The use of the required personal protective equipment

That the gases/ substances, work piece and selected process and system parameters usel
for the system and the processes to be implemented are suitable and cannot result in any
hazards and(or damages (see chapter "process development”)

That the correct program has been selected and that all process parameters have been sel
correctly

That it is ensured that the gases are connected to the correct connection points, all
operating pressures are set correctly and that the entire supply system is leak tight

That the system has been equipped correctly for the work piece carriers and work pieces ,
the cork pieces carriers used must be suitable for keeping the work pieces reliably in their
specffied position
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1 Adherence to the warnings and safety instructions on this operating and maintenance
manual, the safety instructions attached on site to the system or is components, and the
information in the component manufacturers' documentation

Mobile systems and components must be sited so that
1 These cannot be damages e.g. by the choice of a suitable site, cuiut safety equipment etc.

1 These are fixed securely at their intended locations, e.g. brakes engaged on the system
cabinet's wheels, if fitted, the components are secured in place (pump, gas bottles in
frames secured against falling over, etc.)

1 There can be no hazards e.g. as a result of tripping, lines being pulled out, etc..
All lines (electricity, compressed air, gases, etc.t) must be strainelieved.

Pressurised vessels, e.g. process and flushing gas bottles, must bear

1 Suitable and approved connections and fittings for building up, releasing, regulating, and
shutting off pressure and

1 A gauge for bottle and upstream pressure.

(see chapter "Equipping").

Further requirements for correct and proper use and operation are

f
f

Compliance with the legal provisions as well as guidelines from authorised institutions

Compliance with the specifications made in the chapter "Technical Details". The oper ation of the
system must take place under normal conditions (permissible temperature and humidity)

The timely and technically reliable execution of inspection and maintenance work

The use only of wear and spare parts, materials, and auxiliaries approved by Diener electronic GmbH
& Co. KG, e.g. ails, lubricants, and cleaning agents for the system's components

The technically accurate - based on the delivery date unchanged - condition of the system,
particularly all safety equipment.
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Process development

The system's proper and correct use includes a process development implemented by Diener electronic
GmbH & Co. KG and the system's associated equipment level or the release of the gases and substances
use.

A plasma system is only

1 Capable of Operation and sui table for use
1 Safe and

1 Environmentally friendly,

when large number of potential influencing factors and parameters have been matched to each other.
the system must have been matched or equipped to the planned processes and used gases/ substances
if it is to be operated correctly, properly, safely and in an environmentally friendly way

This includes criteria that must be observed, e.g. the determination and selection

1 Of the process and flushing gases, their properties, purity, temperatures, and possible/ un permitted
mixtures and the definition of the process steps

9 Of the correct excitation system for the plasma to be generated (generator power and bandwidth,
frequency, electrode make up and arrangement, etc.)

1 Of the suitable work piece carriers and consider ation to the potential effects on the process by the
work pieces/ goods to be treated

1 The method needed to generate negative pressure (pumps and other equipment)

=

The materials needed for the system and is equipment (plasma chamber, seals, piping, pumps,
valves, etc.)

The safety and protective equipment needed for the system and the working environment
The required measuring and controlling equipment

The process and system parameters and settings

= =4 -a -9

The required exhaust air purification (pump protection, clean  ing source, filter/ filter flushing, noise
protection, exhaust air routing)

=

Consideration to the ambient conditions at the installation site and to the production environment

 etc.

Further details on the system's setup and function can be found e.g. in th e chapter
"General description” in this operating and maintenance manual

Instructions on the used/ permitted gases and substances from a process development
implemented by Diener electronic GmbH & Co. KG can be found in the chapter "
Technical data”
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Changing configuration parameters, programming etc. the system control

Note our instructions in the chapter "Basic requirements for normal operation” and "Process
development" and in the chapter "Training/ Training and instruction of the operator's personnel

There may be no changes to the programs generated/ supplied by Diener electronic GmbH & Co. KG nor

to the limit values set by Diener electronic GmbH & Co. KG.

if programs and updates are freely available, these may be installed only after the written pe rmission of
Diener electronic GmbH & Co. KG.

Configuration parameters and programs the operator may modify may be changed only by authorised,
instructed personnel within the permitted reference/ operating range.

A change exceeding the reference values (min /max) set by Diener electronic GmbH & Co. KG is not
permitted. If a change has been made without the written release of Diener electronic GmbH & Co. KG,
all warranties and liability on the part of Diener electronic GmbH & Co. KG become void.

DANGER!
Mistakes in changing/ setting parameters for the processes and systems and/ or mistakes in
setting gas mixtures may cause serious damage and can result in hazards!

Manually definable configuration parameters on the system, e.g. at the pumping unit, etc. ma y be
changed only by authorised personnel within the approved operating range.

At the same time, it must be ensured that these changes cannot cause damage or hazards. If necessary,
the reference values have been specified directly on the components or can be taken from the
specifications in this operating and maintenance manual or the component manufactures'
documentation

If settings are specially protected, e.g. with special locks/ seals, etc., these settings may be changed only
after the written approval of Fa. Diener electronic GmbH & Co. KG.

NEVER
Change settings that have been protected with seals or locks!

There is a risk of malfunction, damage, and possibly grievous injury!
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Changes and modifications to the system

It is not permitted to use the s ystem for a purpose other than that described in Chapters 1.8 ff without
the modifications to the system agreed in writing with Fa. Diener electronic GmbH & Co. KG.

All interventions in the circuitry for the purpose of modifying hardware or software as we Il as all
electrical and mechanical changes or additions to the system structure may be performed only by service
technicians of Diener electronic GmbH & Co. KG.

There may be no structural changes and no attachments to the delivered scope of the Diener
ele ctronic GmbH & Co. KG.

Spare components must be those makes and types specified by Diener electronic GmbH & Co. KG.

Decommissioning the system
See also chapter "Decommissioning the system - Recommissioning"

Within the framework of warranty/ guarantee, the system can only be decommissioned by the services
of Diener electronic GmbH & Co. KG.

Out of warranty/ guarantee, the system must only be decommissioned by specialists that were trained

by. Diener electronic GmbH & Co. KG and whose training is documented  in writing. Training must not be
more that 2 years ago. The operator can decommission the system with the exclusion of any liability on
part of Diener electronic GmbH & Co. KG.

After a downtime within the framework of warranty/ guarantee and after a decomm issioning duration of
more than 6 month, the system can only be recommissioned by the services of Diener electronic GmbH
& Co. KG

A recommissioning after a decommissioning duration out of warranty/ guarantee of less than 6 months
must only be carried out by specialists that were trained by Diener electronic GmbH & Co. KG and whose
training is documented in writing. Training must not be more than 2 years ago. In doing so, itmust be
determined and approved that the system can be operated in a safe and functi onal manner.

The operator can recommission the system within the exclusion of any liability on part of Diener

electronic GmbH & Co. KG.

The first work to dismantle the system or is parts renders void the Declaration of Conformity and any
agreed warranty, guarantee, and liability on the part of Diener electronic GmbH & Co. KG.
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Interfaces / Duties of the operator

The duties of the operator include:

1 the choice of installation site;
also applicable are our instructions in the chapter "Technical data" and "Co  mmissioning, transport,
siting, decommissioning/ dismantling".

1 The safe siting of the system and is components (pumps, filter, etc.)

1 The safe siting of the vessels for the gases/ substances, securing in place of the gas bottles/ vessels
against falling ove r and damage

1 The safe routing of lines, e.g. for electricity and the process and flushing gases, etc.
the supply lines connecting the system must be routed so that they are protected and strain relieved
and cannot be pulled our or pose a tripping hazard -

1 If necessary, the installation of an extractor when hazardous gases/ substances cannot escape e.g.
when vessels are changed

1 The safe and ergonomic design of the work stations. Adequate freedom of movement for the
assigned work, no tripping hazards, etc.

1 The provision of adequate lighting and ventilation at the working site.

1 The design and implementation of the necessary protective measures for hazards, which can result
from the interfaces to operation and production, e.g. the installation of cut -out safety equipment
when the system is set up at traffic routes, etc. .

The system may not be damages or exposed to impermissible loads.

If the system / system components is/ are installed on road ways, these must have additional
protection

Damages from the systen components can result in hazards to persons and/or the
environment!

The operator must ensure a clean and unobstructed production environment so that a safe
and functional operation is possible.

1 The provision of personal protective equipment and safety data sheets

personal protective equipment and safety data sheets for the gases/ substances used must be
provided by the operator for the user on site and must always be available.

Heed the safety data sheets when handling the employed process gases andubstances!

Always use personal protective equipment required for the work task!
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Instructing and training employees

The operator must ensure that all employees working on the system are sufficiently trained/ qualified

and instructed for the respective t ask.

Operating the control/ PRS requires and adequate level of experience.

If this is not the case, the operator must arrange for repeated training provided by the services of. Diener
electronic GmbH & Co. KG .

The system must only be operated and workedon by trained and sufficently qualified
personnel.

Indivuals that change processes and provess and system parameters must be trainied to do so
by Diener electronic GmbH & Co. KG and must have sufficient expertiese so that the processe:
can be executed ina safe, functional system-specificmanner

Language skills

The users must have a command of the language (German, English, agreed language according to
specification etc.), which the interfaces of the system and the programs are designed in and possibly, the
language in the operating manual.

N Please observe our instructions in the chapter "Training and instruction of the operator's
) personnel”

Handling hazardous substances

Depending on the process, the system uses hazardous substances/ gases

DANGER!
The lack of knowledge of the properties of the gases/ substances used can result in hazards
and severe injuries if use incorrectly.

The individuals responsible for dealing witht he substances/ gases used must have sufficient
expertise and must be trained.

The individuals must know the content of the safety data sheets and observe the safety
information and hazard warnings contained therein!
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Misconduct /misuse

Misconduct/misuse occurs as a result of

1

Allowing people to work on the system without the necessa  ry expertise/ training and/ or are not
sufficiently instructed.

The non-observance in this operating and maintenance manual of the hazard warnings and safety
information on the individual components and the operating and maintenance manuals of the
componen t manufacturer

Processes, which the system was not designed or constructed for (see operating and maintenance
manual Chapter "Correct and proper use/ Process development")

The misuse of system or is parts

The negligent/ intentional activation/ triggering o f the system's functions, e.g. during work inside the
system, etc.

Overriding the protective equipment
Climbing on Units, components

etc.

The system operator/ user is responsible for the safe operation of the system and is
components at all times!

Prevent misuse and misconduct on the system
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Reporting of safety related incidents and events

Safety related incidents and events must be reported immediately toDiener electronic GmbH &
Co. KG

The proper and correct use of the Diener electronic GmbH & Co. KGsystem includes the prompt
reporting of safety related incidents and events that may arise during the operation, control, inspection,
maintenance, servicing, repair and dismantling of the system.

If the plant or one of is parts has been subjected t o unusual loads, e.g. damage to system parts, etc., the
system must be shut down immediately, the extent of damage ascertained by an expert, and the system
examined as to whether it may continue operating without danger or loss of safety or functionality.

If the analysis of the extent or consequences of damage do not return unambiguous findings as to
whether safe operation without danger is possible, the services of Diener electronic GmbH & Co. KG
must be consulted without delay

If the system continues to be operated after a heavy load and/or after sustaining damage without the
prior written consent of  Diener electronic GmbH & Co. KG , any and all agreed warranties, guarantees,
and liability on the part of Diener electronic GmbH & Co. KG become void automat ically and
immediately .
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16 System Dangers
The system was constructed and designed according to the state of the art and recognised safety -related
rules and relevant provisions of engineering.

Nevertheless, not all dangers to the user's or third party's lif e or damage to the system and ist material
assets can be excluded.

The greatest possible safety is guaranteed if:

il

=

=

=

=

=

= =

=

The system is only used for proper use

The system is only operated with complete and functional safety and security equipment, alarm and
signalling units

Access to the hazardous areas by unauthorised personnel is prevented

The personnel supervising the system are always informed when persons enter and have left the
system's danger zones and when work is to be performed on the system or inside th e protective
housing

All the work is executed by qualified personnel trained  for these tasks

The general as well as specific safety, accident prevention and operation specifications of Diener
electronic GmbH & Co. KG are followed.

No unauthorised changes are made to the system

Inspection and maintenance work and necessary tests/ repeat tests are performed in a conscientious
and timely manner

The system is cautiously and responsibly operated so that wear and ageing are recognises early on
and can be repai red.

Hazards to persons can occur on the system, e.g.

1 When using harmful gases/ substance, if the vessels, screw connections, pipelines,
exhaust air filters, and ducts, etc. are leaking

1 If gases are mixed, which result in harmful mixtures

> B

If the n egative pressure/ vacuum system, e .g. at the chamber door, etc., is leaking

I At accessible hot sites on the system, e.g. on the internal walls, electrodes, work piece
carriers in the plasma chamber, of these are not cooled adequately

1 During work inside t he system cabinet or on the pump and filter when the system has
not been switched OFF or not been cooled adequately

1 From moving system parts e.g. inside the plasma chamber when a rotary drum is
used

> P

1 At sharp functional edges on the guides and work  piece carriers
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1 When the door to the plasma chamber is closed

1 By pressurised system components (containers, pipeline system, fittings, devices etc.),
if these are not depressurised proper to maintenance and repair work

1 When the door leading to the i nside of the system has not been closed and locked

1  When supply lines to the system have not been routed according to the safety
regulations

1 Touching electrical equipment that has not been disconnected from the power or is
unprotected/ damaged

" CAUTION!
The system contains equipment (generators) that are under high voltage!

A sintered metal filter not installed properly upstream of the Pirani may cause
explosions during operation.

DANGER
Persons with cardiac pacemakers or active implants must keep at an adequate
distance!

N Please observe our information in the chapter "General safety and accident - prevention
information" and in the individual chapters of this operating and maintenance manual as
well as the documentation of the component ma  nufacturer.
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Environmental impacts

1 Electrical energy as the main supply for the system operation, type of energy and quantity see type
plates on the control cabinets as well as in the documentation of the component manufacturer

1 Pneumatic energy via th e compressed air network of the operator. The consumption of air depends
on the process .
The sound level of the system for normal operation is specified in the chapter "Technical Details".

1 Exhaust air purification must be configured to the known processes
If necessary, the exhaust air is purified e.g. through an activated carbon filter and/ or with other
measures, e.g. a fitted cleaning source.
Further precautions may have to be taken depending on the gases/ substances used, e.g. for further
processes during the system's operating period.
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1.7 Guarantee / Liability

The contents agreed and confirmed in the contract between Diener electronic GmbH & Co. KG and the
contractual partner/ operator are decisive.

Contractual partner Manufacturer Diener electroni ¢ GmbH & Co. KG
Customer TDK India
Serial Number 123168
Unless otherwise agreed, the guarantee period amounts to 12 months from the date of invoice . Parts
subject to war and parts exposed to corrosive media must excluded from the guarantee, if these a re not

expressly contained in the order

Furthermore, the guarantee and liability claims are  excluded if one or several of the following conditions
were the caus. :

1 Force majeure and external influences

1 Improper use and handling of the system (see operatin g and maintenance manual chapter "Correct
and proper use")

1 Processes, which the system was not designed or constructed for (see operating and maintenance
manual chapter "Correct and proper use/ Process development™)

1 Non-observance of the general and speci al safety, accident prevention information, hazard warnings
and operating instructions.

1 Unsupervised persons in the danger zones or unsupervised system operation

1 Unprofessional or unauthorised handling with: operation, control, inspection, maintenance,
servicing, repair and dismantling

9 Failing to conduct the prescribed tests

1 Noncompliance of the prescribed (legal) maintenance, service and testing intervals

1 Insufficient monitoring of signs of wear and ageing

1 Changes and modifications to the use of the sys tem or ist programs/ controls without the written

approval from . Diener electronic GmbH & Co. KG

1 Non-reporting/ untimely reporting of safety -related incidents and events during operation, control,
inspection, maintenance, servicing, repair and dismantling  the system.

Any further liability is excluded provides it is not legally mandatory. In no event is Diener electronic
GmbH & Co. KG liable for downtime, lost profits or  opportunities , loss of orders or goodwill, production
downtimes, reduced capacity, dow ntimes costs, or any other indirect or consequential damage. This also
extends to the personnel, representatives, and  subcontractors of Diener electronic GmbH & Co. KG .

The liability limitations and exclusions affecting  Diener electronic GmbH & Co. KG do not apply to cases
of intent or wilful deceit.

All compensation claims become void two years after the occurrence of the damage.
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2 GENERAL SAFETY - AND ACCIDENT PREVENTION INFORMATION

This chapter titled "General safety and accident prevention informati on" contains a
selection of safety and accident prevention information and extracts from the separate
chapters of hits operating and maintenance manual, e.g. "correct and proper use",
"General description ", etc.

The safety and accident prevention informati  on in each of the chapters must be
observed !

2.1 Symbols used
This operation manual uses graphical symbols that are  intended to draw the system user's attention to
special safety and operating situations. These symbols have the following meanings

General information, useful tips, and information on the work

This information describes how the system can be handled to better effect or refers to
other applicable documents or to other chapters in this operating manual

Imminent danger to life, limb and p roperty.

Failing to observe this information may cause detrimental effects to health, including life
threatening injury, and damage to equipment and other property.

Depending on the risk, this information may be supplemented with signal words such as e.g.
DANGER OF DEATH, DANGER, CAUTION, WARNING, etc.

Imminent danger from electricity .

Failing to overserve this information may cause detrimental effects to health, including life
threatening injury from electricity, and damage to equipment and other prop erty.

Warning of hazardous substances

Warning of pinch zones between wheels/ rotation parts

Warning of crushing injury to hands

A\
A\
& Warning of hot surfaces
A\
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Warning of slippery surfaces

Warning of tripping hazards

Warning of explosion

No unauthorised entry

Persons with cardiac pacemakers or active implants must keep at an adequate distance! (This
note is valid for systems with MHz or GHz generators)
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2.2 General instructions

The system's layout corresponds to the state of the art, Ith  as been designed and manufactured with
consideration to the general regulations and statutory orders applying to plant construction.
Nevertheless, the greatest possible operating safety is obtained only when the system is operated
properly and exclusively by trained, responsible personnel and is used only for is intended purpose.

Activities and interventions can be performed without danger and error only when the personnel
assigned to these activities have the specific knowhow and heed the information and s pecifications on
both our system documentation and the documents of the component manufacturers.

The precautionary measures demanded in the documents of Fa. Diener electronic GmbH & Co. KG do
not claim to be complete and refer exclusively to the  scope of services and how our product are handled.

Also additional national regulations and laws  applying to special handling methods , must be observed
without prompting on our part and must be treated with greater priority than our instructions.

For incurred dir ect and indirect damage

Diener electronic GmbH & Co. KG is not liable for any direct or indirect damage resulting from improper
use or failure to observe the hazard and safety instructions provided by us (see operating and
maintenance manual chapter "Warr anty/Liability")

(

Before commencing work, observe our danger and sfety instructions in the chapters
1 "Correct and proper use"

1 "General description”

1 "Technical data"

1 "Training and instruction of the operator's personnel"

1 "Commissioning, transport, siting, decommissioning, dismantling"
1 "Equipping"

1 "Operation”

1 "Maintenance"

1 "Process, auxiliary, and operating materials/ Disposal"

1 "Fire protection”

And the provided

1 Operating and maintenance manual of the component manufacturers

DIENER ELECTRONIC | MANUAL Tetra v1.0 Seite 30 von 204




2.21 Instructions according to the Directive on the Use of Work Equipment
The operator of a machine/ system in the European Union is obliged to implement the requirements
under the EU Directive on the Use of Work Equipment.

The implementation must comply with national laws and ordina nces, etc.

In Germany, the Directive on the Use of Work Equipment is implemented in the form of the BetrSichV
(Industrial Safety Ordinance) and the ArbSchG (Occupational Safety Act)

The operator is obliged to comply with the national laws and ordinances w hen integrating the
machine/system in his production environment so that there can be no avoidable hazards and/or
malfunctions.

Under the applicable laws, Fa. Diener electronic GmbH & Co. KG assumes that the operator fulfils these
obligations.

Note the chapter "Inspection and maintenance instructions" and our details on the mandatory
intervals for repeat tests"!

2.2.2 The operator's / personnel's obligations

The operator is obliged to assign only those personnel to work at and on the plant who have familiar ised
themselves with the underlying occupational safety and accident prevention regulations and have been
instructed in how to handle the system. Moreover, they must have read and understood the safety

chapter and the warnings in the operating and maintena  nce manual and in the provided documents for
subassemblies and system elements. This instruction must be documented in writing.

Assign only trained or instructed personnel. Define the  responsibilities of the personnel assigned to
transport, site connect, o perate, equip, inspect, service, repair, clean, decommission, and dismantle the
system.

The manufacturer of the system assumes that only those personnel work at and on the system who
master is possible operating methods and  process to such an extent that they cannot pose a hazard.
Non instructed persons must be kept away from the system. The employer is obliged to observe the
ArbSchG when setting up the work station .

All personnel assigned to work on or at the system are obliged to observe the underlying occupational
safety and accident prevention regulations and, bevor commencing their work, to read the safety
chapter and the warnings in the documents provided for the subassemblies and system elements.
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223 Specialists
Specialists are persons whose technica | training, experience, and instruction have given them
knowloedge of the pertine nt standards, conditions, and a ccident prevention regulations.

Furthermore, they must be able to assess their assigned their assigned work and identify potential
hazards. The specialists must be authorised to perform their assigned work.

Please observe our instructions in the chapter "Training and instruction”!

2.3 Personal protective equipment

Always use personal protective equipment required for the work task!

Heed the safety data sheets when handling the employed process gases and substancels!

®@000006
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2.4 Instructions from the chapter ,,Correct and proper use“

Process development

Please observe our instructions in the chapter "Correct and proper use" - Process
development".

The substances and process and flushing gases approved for the system, e.g. for
polymerisation, can be found in the chapter "Technical data - Process devolvement"
3.

The system is used correctly and properly only when the process development has been
implemented through or with the cooperation of Diener electronic GmbH & Co. KG and
the process and is configuration have been released in writing by Diener electronic
GmbH & Co. KG

The operator assumes sole responsibility when the modifies processes or con figures and
implements new processes.

Furthermore, any and all liability and/ or warranties of Diener electronic GmbH & Co.
KG. Become void with immediate effect.

This is also the case when the operator has requested  Diener electronic GmbH & Co. KG
to release protected safety functions and parameters, or persons instructed by Diener
electronic GmbH & Co. KG have communicated or otherwise made accessible safe
passwords to unauthorised parties.

CAUTION

Only those processes may be applied and those gases/ substances used thddiener electronic
GmbH & Co. KGhas released for the system.

DANGER

The use of processes and gases/ substances for which the system has not been designed and
equipped may cause serious damage to the system, hazards, and grievous injury!
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1 The System must only be used, if it is ensured that it can be safg operated. This includes,
among other things:

1 That the system is sited, connected, commissioned, decommissioned, and dismantled only
by the operator's personnel instructed by Diener electronic GmbH & CoKG

1 The completeness and caution of all safety equpment (e.g. safety switch, complete and
correct fastening of all cladding, systems closed and locked, etc.)

1 The reliable function of the emergency off, signalling, and alarm units

1 The undamaged, flawless condition and safe function of all components and fittings
installed in the system.

1 The tightness of the process and flushing gas, ventilation, and exhaust air system.

1 The adequate tightness of the negative pressure/ vacuum system
the seals at the chamber door and lead  -throughs in the chamber must be
unda maged and tight.

f _tightness of systems that introduce substances into the chamber or expose
them to a process gas (e.g. monomer systems, etc.)

1 The system is operated and worked on by trained and sufficiently qualified personnel only

9 individuals responsible for dealing with the substances/ gases used must have sufficient
expertise and must be trained

1 Individuals that change processes and process and system parameters have been trained
to do so by Diener electronic GmbH & Co. KG and have suffient expertise so that the
processes can be executed in a safe, functional systerspecific manner (See also chapter
"Training/ Instruction")

1 Observing the instructions in the safety data sheets for the media and materials used
9 The use of the required peisonal protective equipment

1 That the gases/ substances, work piece and selected process and system parameters usel
for the system and the processes to be implemented are suitable and cannot result in any
hazards and(or damages (see chapter "process developm ent")

9 That the correct program has been selected and that all process parameters have been set
correctly

1 Thatitis ensured that the gases are connected to the correct connection points, all
operating pressures are set correctly and that the entire supply system is leak tight

I That the system has been equipped correctly for the work piece carriers and work pieces ,
the cork pieces carriers used must be suitable for keeping the work pieces reliably in their
specified position
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1 Adherence to the warnings and safety instructions on this operating and maintenance
manual, the safety instructions attached on site to the system or is components, and the
information in the component manufacturers' documentation

Mobile systems and components must be sited so that
1 These cannot be damages e.g. by the choice of a suitable site, cuiut safety equipment etc.

1 These are fixed securely at their intended locations, e.g. brakes engaged on the system
cabinet's wheels, if fitted, the components are secured in place (pump, ga bottles in
frames secured against falling over, etc.)

1 There can be no hazards e.g. as a result of tripping, lines being pulled out, etc..
All lines (electricity, compressed air, gases, etc.t) must be strainelieved.

Pressurised vessels, e.g. process arflushing gas bottles, must bear

1 Suitable and approved connections and fittings for building up, releasing, regulating, and
shutting off pressure and

1 A gauge for bottle and upstream pressure.

(see chapter "Equipping").
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Changing configuration para  meters, programming etc. the system control

DANGER

Mistakes in changing/ settings parameters for the processes and system and/ or mistakes in
setting gas mixtures may cause serious damage and can result in hazards!

NEVER
Change settings that have be@ protected with seals or locks!

There is a risk of malfunction, damage, and possibly grievous injury!

> P

Interfaces / Duties of the operator

The system may not be damaged or exposed to impermissible loads

If the system/ system components is/ are instaled on road ways, these must have additional
protection.

Damages from system components can result in hazards to persons and/ or the environment

The operator must ensure a clean and unobstructed production environment so that a safe
and functional operatio n is possible.

Heed the safety data sheets when handling the employed process gases and substances

Always use personal protective equipment required for the work task!

> P

Instructing and training employees

The system must only be operated and worked a by trained and sufficient qualified personnel .

Individuals that change processes and process and systenparameter's must be trained to do
so by Diener electronic GmbH & Co. KGand must have sufficient expertise so that the processe:
can be executed in asafe, functional systemspecific manner.

>

Misconduct / misuse

The system operate/ user is responsible for the safe operation of the system and is component
at all times!

Prevent misuse and misconduct on the systen

>
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Hazards to persons can occur onth e system, e.g.

1 When using harmful gases/ substance, if the vessels, screw connections, pipelines,
exhaust air filters, and ducts, etc. are leaking

1 If gases are mixed, which result in harmful mixtures

| 1 If the negative pressure/ vacuum system, e.g. at the chamber door, etc., is leaking

1 At accessible hot sites on the system, e.g. on the internal walls, electrodes, work piece
carriers in the plasma chamber, of these are not cooled adequately

1 During work inside the system cabinet or on the pump and filt  er when the system has
not been switched OFF or not been cooled adequately

1 From moving system parts e.g. inside the plasma chamber when a rotary drum is
used

9 At sharp functional edges on the guides and work piece carriers

1 When the door to the p lasma chamber is closed

1 By pressurised system components (containers, pipeline system, fittings, devices etc.),
if these are not depressurised proper to maintenance and repair work

1 When the door leading to the inside of the system has not been closed a  nd locked.

1  When supply lines to the system have not been routed according to the safety
regulations

1 Touching electrical equipment that has not been disconnected from the power or is
unprotected/ damaged

" CAUTION!
The system contains equipment (ge nerators) that are under high voltage!

A sintered metal filter not installed properly upstream of the Pirani may cause
explosions during operation.

DANGER!

Persons with cardiac pacemakers or active implants must keep at an adequate
distance!
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N Please observe our information in the chapter "General safety and accident - prevention
information” and in the individual chapters of this operating and maintenance manual as
well as the documentation of the component manufacturer.

2.5 Emergency off equipment/ Emergency system shutdown
Emergency off equipment is marked with a red mushroom head on a yellow base.

Pressing these locks them in place. They must be unlocked after the emergency situation has been
remedied and bevor the system is restarted.

Figure 2: Emergency OFF

The control/ PRS monitors the system statuses and parameters relevant to safety
If a system function relevant to safety is signalled not OK, the system enters fault mode (see also the
chapter "General description / System functions relevant to safety").

The emergency off equipment must be freely accessible at all times, and the paths to this may
not be obstructed.

Never use the emergency off equipment to switch OF[the system!

After eliminating the cause of the emergency off situation, make sure that the system can
resume operations without prejudice to safety or is functionality !

Only instructed experts and specialised electricians may remedy emergency off situations!

Note our instructions in the chapter "Ge neral description - Emergency off equipment 3
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2.6 Work on electrical equipment

Information on particular dangers - electricity

1 Only a specialised electrician may open the systems and work on electrical systems or operating
materials with consideration to th e relevant rules for electricity.

1 Secure the system and is parts against reactivations!

The system is disconnected when is mains plus is pulled from the power supply

The main switch (QB1) is on the right side of the lockable system cabinet, on the reaside of
the table housing in 400V systems, or on the front of the table housing in 230V systems.
Even when the main switch is at "0" or "OFF", there is still life threatening voltage e.g. across
the following parts:

1 At the mains supply line
1 At the main switch

1 At all sites marked with a warning sign

1 Keep the system closed and locked at all times, and keep the key in a safe place !
1 Always note the provided circuit diagrams !

1 Before connecting to the electrical power supply, make sure that all lines and unit s containing liquid
media are tight. Do not route lines containing liquid media over control cabinets or system parts.

1 System parts undergoing inspection, maintenance, or repair work must be disconnected from the
power supply to all pins and secure again st inadvertent reactivation. First check that there is no
voltage across the parts disconnected from the power supply, then earth and short circuit these and
insulate them from neighbouring live parts!

1 If live parts require work, a second person should be  assigned to cut off the power supply at the
main switch of the emergency off button in an emergency. C  ordon off the work area with a red and
white safety chain and a warning sign.

I Use only original fuses with the prescribed amperage !
Switch OFF the system immediately the electrical power supply starts malfunctioning !

1 Note the minimum cross sections and the details on the circuit diagrams and parts lists !

1 The electrical equipment of a system must be inspected/ tested at regular intervals Faults such as
e.g. loose connections or damaged cables must be remedied immediately

1 After leaks or other discharging media, check that there can be no danger to the work on the
electrical equipment.
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Never pull the connecting line's mains plug from the socket !

If the connecting line is damages, the system must be shut down  immediately and the
line replaced !

>

Electrical equipment may be repaired only by the services of Diener electronic GmbH &
Co. KG

NEVER
Open the housing, etc !

Special instructions for eq  uipment under high voltage

The system contains a generator for the high voltage needed to excite the plasma

>

High -
voltage

DANGER OF DEATH
The voltage output by the generator can be as high as 1200VAC!

NEVER
Open the housing of generators!

Diener electr onic GmbH & Co. KG accepts no liability for damage incurred through
improper ese, e.g. asresult of a short circuit .

Consult the provided documents for the technical data of the generators used

>

High -
voltage

CAUTION
Electrodes may never be short circ uited !

Electrically conductive components may not contact the electrode !
Insulators, e.g. at the electrode holders, must be undamaged at all times !

The electrodes have been configured to the application and may not be changed/ altered!

&

DANGER
Persons with cardiac pacemakers or active implants must keep at an adequate distance!
(This note is valid for systems with MHz or GHz generators )
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2./ Work on pressurised/ negative pressure/ media carrying systems /

Information on particular dangers
1 Pressurised/ n egative pressure system parts must be inspected/ tested at regular intervals

1 If the positive or negative pressure generator leaks or is damaged, the system must be shut down
immediately and repaired by expert personnel!

1 Check regularly the displayed actual values against the specified reference values
Reference or specified maximum values may not be exceeded !

1 Always note the provided diagrams/ plans ( e.g. for gas flow, flushing gas, compressed air, etc.)!

DANGER
Even after

1 The system has been switched O FF

1 The system has entered standby mode or

1 Emergency off has been activated

There can still be high residual positive/ negative pressures in the system parts! !

Before disconnecting the system parts, make sure that the systems have been
depressurised and ven ted.

Systems may be depressurised, drained, and vented only by instructed expert personnel
consulting the provided diagrams and the documentation issued by te component
manufacturers!

If systems have not been depressurised, d rained, or v ented properly or fully, there may
be hazards e.g.

1 From discharging media or thrashing hose lines, etc., under high pressure

1 From negative pressures generating high noise levels and sucking in objects and parts
of the body

ALWYAS make sure that the pressure has been equali sed!

NEVERuse force to open connections, lines, or parts, and always secure against
inadvertent opening all shutoff valves and drifting that must be closed during work on the
system,

CAUTION

Vessels and line systems may contain media, e.g. hazardou s gases/ substances, whose
contact and/ or discharge may pose hazards. Note the provided safety data sheets and
use the requisite personal protective equipment !
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DANGER
Electrical equipment in the vicinity of spraying water, e.g. for cooling the pump, must be
protected accordingly !

Do not route lines containing liquid media over control cabinets or system parts

1 Before all work on pneumatically or hydraulically powered or controlled fittings or units, they must
first be depressurised and secured agai nst inadvertent reactivation

1 Before generating a positive or negative pressure, make sure that all lines and units are thigh and
that all shutoff fittings have been set to the correct position !

1 Use only original spare parts !
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2.8 Information on particular dangers - hazardous constitutents

The substances and process and flushing gases approved for the system, e.g. for
polymerisation, can be found in the chapter "Technical data - Process devolvement ".3

The auxiliary and operating materials needed for the  system can be found in the chapter
"Technical data - Overview of technical data for selected system elects" an in the
documentation provided by the component manufacturers

The system may contain hazardous substances, e.g. in the gas system and the syst em
components (pumps, etc.), whose discharge or contact may pose hazards or cause injury.

The general rules when hazardous substances/ media are being handled

1 Make sure bevor commencing work on or at the system that you know the hazardous
substances curr ently in the system or system parts

1 Note the safety data sheets, and use the requisite personal  protective equipment !

1 The substances must be disposed of properly and in compliance with the legal
specifications for the protection of the environment !

1 Process gases/-substances
Only those gases/ substances may be used that have been defended in the process
development, the required specifications, and the specifications 0 f Diener electronic
GmbH & Co. KG
The gases/ substances may be changed only after the writ ten release of Fa. Diener
electronic GmbH & Co. KG.

1 Operating and auxiliary materials
Only those operating and auxiliary materials may be used that correspond to the
required specifications and the specifications of the component manufacturers. The
auxiliary materials may be changed only after the written release of Diener electronic
GmbH & Co. KG.

1 Note the information in the component manufacturers' documentation and the
safety data sheets !

1 The operator is responsible for adherence to the occupational safe  ty and
environmental protection regulations when using hazardous and auxiliary materials
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Handling hazardous substances

DANGER
The lack of knowledge of the properties of the gases/ substances used can result in

hazards and severe injuries of use in correctly !

The individuals responsible for dealing with the substances/ gases used must have
sufficient expertise and must be trained

The individuals must know the content of the safety data sheets and observe the safety
information and hazard warnings co ntains therein !

Tightness of the systems

DANGER

Depending on the gas/ substances used, leaks in the exhaust air system or during a gas/
substance change with open vessels, e.g. monomer/bubbler bottles, may release volatiles
to the ambient air, endange ring persons and/ or the environment.

The gas, flushing, ventilation, and exhaust air system must be tight at all times !
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3 GENERAL DESCRIPTION

This chapter presents general information on the system's functions and is
components and parts

Not our instructions in the chapters "Correct and proper use" and "Safety and
accident prevention information"

Learn the details of the components by consulting the operating and maintenance
manual provided by the component manufactures

A selection of the key  technical data can be found in the chapter "Technical data”

General information on the inspection/ maintenance/ cleaning/ repair can be found
in the chapter "Inspection/ maintenance/ cleaning/ repair".

Decisive are the instructions in the documentation pr ovided by the component
manufacturer!

With respect to the functions, note the wiring diagrams, pneumatics plans, and
other documentation provides by the component manufacturers!

Intervention by unauthorised persons without extensive technical knowledge can
cause considerable damage to the units and equipment and, in extreme cases, pose
a danger to life and limb.
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3.1 Verwendung der Anlage / Funktionen

In general, Diener electronic GmbH & Co. KG provides a system for generating a plasma.

Depending on the equiptment level, possible uses are the treatment/ processing of workpieces in a
plasma, e.g.

1 Activation and cleaning of work piece surfaces
1  Etching of work piece surfaces

1 Coating of work piece surfaces

1 Functionalisation

Based on the following defined int he order

1 Processing methods

1 Gases/ Substances

1 Work piece properties

Every plasma system is equipped for the specific requirements of the specified processes as part of sop
called "process development”.

Please observe our instructions in chapter
"corre ct and porper use/ Limits of use 3

The description of the system's

1 Possible processing methods
1 The approved gases, substances

From the process, development implemented by Diener electronic GmbH can be found in
the chapter "Overview of technical data/ Approv  ed processes, gases, and substances".
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3.2 0Overview - the system and its components

The system consist essentially of the following subunits/ subassemblies

1 System 1 Cabinet/ housing fo rtaking the system's equipment, e.g. plasma
chamber, gas and flushing system, electrical componentry (main
switch, generator, screen, fan, emergency off button, etc.)

1 Cabinet door on the rear side with door switch (option).
The system can be started only when the door is closed. Opening the
door causes the operating system to switch OFF; and the process is
aborted

1 Connections to the power supply, vacuum pump and gases on the
side

1 Indicator lamp (option)

1 Feed or lockable rollers (option)

2 Plasma chamber The plasma chamber is where the process (e.g. activation, coating, etc.)
takes place.
3 Gas system The gas system supplies the process gases to the plasma chamber

This connected to the process gases or gas generators/ gas
concentrators (Option).

4 Flushing system The flushing system flushes the whole system (plasma chamber and
piping systems, pumps and activated carbon filters)

5 Ventilation system The ventilation system equalises the pressure between the plasma
chamber and the surroundings
Before the system can be ventilated, the plasma chamber and the
connected chambers may first be flushed to rid them of any hazardous
gases.

6 Vacuum system Vacuum pump for generating the vacuum/ negative pressure in the
plasma chamber

Depending on is type, the p ump may need a water cooling circuit

7 Exhaust air system This cleans the exhaust air of exhaust gases
1 Activated carbon filter (Option)

1 Plasma cleaning source (Option)

8 Plasma excitation / -  In low -pressure plasma systems, the p lasma is excited by high frequency
generation - electromagnetic fields or in conjunction with the process gas introduced
Generator to the plasma chamber .

1 Generator for plasma excitation

1 Electrodes in the plasma chamber
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9 Control / Plasma - The plasma reac tor control (PRS) serves to steer the system functions and
reactor -Control (PRS configure the processes

10 Compressed air This option serves to steer the pneumatic valves, including the safety valves
system
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3.3 Siting location and approved ambient conditions

The operator of the system selects the suitable siting locations .

X Details on the siting specifications and the ambient conditions can be found in the
) chapters "correct and proper use", "Technical data!, and "Transport/ siting"

3.4 Work stations

See the chapter "Interfac es/ duties of the operator” for design of the work stations
Work stations for operating the system can be found
1 On the front side of the system (chamber door and the control's operator panel)

1 On the right side of the system for changing the gas bottles and , if used, for refilling monomer
vessels

The work places may pose hazards
1 Through the movements of the chamber door when it is opened or closed

1 From hot spots inside the chambers and their equipment when the work pieces are
being loaded or unloaded or the chambers cleaned

1 When the gas bottles and, if fitted, the monomer vessels are not changed or refilled
properly, e.g from the discharge of/ contact with the contents of the gas bottles/
vessels
when these have been damaged or leak

Personal protective  equipment

During all work, use the personal protective equipment needed for this, e.g. googles, gloves, safety
shoes, and hard hat.

Always use personal protective equipment required for the work task!

Heed the safety data sheets when handling the emplo  yed process gases and substances!
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3.5 Danger zones/ Safety concept

The system (control cabinet) has the following danger zones

Siting location
of pump, filter

Plasma-
system

Figure 3: Danger zone

In front of the plasma chamber with the
chamber door open

1 Observations during ongoing operation In auto mode
1 Work on the control /PRS
1 Equipping the work pieces
l

. . . . In standby mode
Inspection, cleaning, maintenance, repair

Only when main switch set to "OFF "

Connections for gases and substances Only when system switched OFF .
(polymerisation accessories )

i NEVER
vessels for the polymerisation accessories vessels during ongoing
operati on!

There is a risk of grievous injury from
discharging media !

Inside the system cabinet Only when main switch set to "OFF"

1 Inspection, cleaning, maintenance, repair

1 Note the instructions in the chapter "General safety and accident prevention inform ation" and
"Correct and proper use/ System dangers"!
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3.5.1 Emergency off equipment
(See also the chapter "General safety and accident prevention information/ emergency off equipment /
Emergency system shutdown"

The system is fitted with the following emergency  off equipment (emergency off buttons)

1 On the front of the system

Pressing an emergency off button
1 Aborts the process with immediate effect

1 The system is disconnected from the power supply up to the main switch's connecting terminals in
the system, i.e. th e generator, pump, and gas supply are switched OFF

the control is not disconnected from the mains and is still in operation .
1 The control outputs a correspond info text
1 If fitted, the indicator lamp signals "Malfunction" (red)

The emergency off equipmen tis intended for emergencies only and may not be used to
switch OFF the system under normal conditions! !

CAUTION
Pressing emergency off equipment may involve a risk of damage and injury !

CAUTION
Pressing emergency off equipment aborts an ongoing proc  ess with immediate effect .

After emergency off equipment has been pressed, there is still life threatening voltage
inside the system, e.g. across the following parts

1 Atthe mains supply line and

1 Atthe main switch !

Remedying emergency off situations
After an emergency off situation, this must be remedied before the system ca n be restarted.
Procedure

1st Eliminate the cause of the fault and, if necessary, the consequences of shutdown
After the remedial work, check whether the process can be restarted, e. g. whether the work pieces
may continue to be used and other measures may have to be implemented such as repairs, cleaning,
reconfigurations, etc.
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Only instructed experts and specialised electricians may remedy emergency off situations
If necessary he services of Diener electronic GmbH & Co.KG must be consulted

(see also the chapter "Correct and proper use/ Reporting of safety related incidents and
events")

DANGER

After an emergency off situation, system parts may still be carrying residual or high gauge
pressures!

After eliminating the cause of the emergency off situation, make sure that the system can
resume operations without prejudice to safety or ist functionality .

2ndUnlock the emergency off button
3rd Acknowledge the remedied emergency off situa tion at the control
4th Restart process

the system may not be

Figure 4: Emergency off button
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352 System functions relevant to safety
System states and parameters relevant to safety are monitored by the control/PRS or the safety | ine
board installed in the system. These include e.g.

f
f
f
f
f
f
f
f
f

Emergency off

Vacuum switch

Compressed air switch - if fitted

Over temperature chamber

Door switch for chamber door

System cabinet door switch (option)

Pressure sensor release, Pirani or Baratron sensor  depending on version
Safety valve

enable generator

If a system function relevant to safety is signalled not OK, the system enters fault mode. If necessary, the
emergency off function is activated (see the chapter "Emergency off equipment”)

3.5.3 Main switch

400V/16A 0132 Asystems
The main switch is on the right or rear side of the system

The main switch can be secured at the position "OFF" with a padlock

MAINSWITCH

Figure 5: main switch

Even when the main switch is at "0" or "OFF,'there is still life threatening voltage in the
housing, e.g. across the following parts:

1 Atthe mains supply line

1 At the main switch
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3.5.4 Access to the inside of the system
(see also chapter "General safety and accident prevention information 3.

Control cabinet

The inside of the system can be accessed through the cabinet door

The components are mounted directly on the cabinet housing or an on fixed intermediate floors
The required compact design restricts visibility and accessibility

Access to the compo nents inside the cabinet is necessary only in exceptional cases, e.g. for repair/
troubleshooting work by expert personnel of . Diener electronic GmbH & Co. KG.

Securing the system cabinet door in place (option)
The system cabinet door is secured with a loc k.

The door is secured with a door switch. As long as the door has not been locked, the system cannot be
started, but there is still life threatening voltage inside the cabinet

Figure 6: door lock and door switch (o0 ptional)

Only instructed, specialised electricians may open the system cabinet

DANGER OF DEATH
Caution when the system cabinet door is open: life threatening voltage insidée

Always withdraw the key to the system cabinet door, and keep it in a safe placé

Safety switches and their closing mechanisms may never be removed/ altered and must be full
functional at all times .
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3.5.5 Lockable rollers - option
On request, the cabinet can be mounted on lockable rollers

The rollers and their manual brakes have been desig ned to carry the system's weight safely and to

secure the cabinet reliably in position
To improve stability against tipping, the rollers
1 Are turned outwards at the front and

1 Are aligned parallel on the sides

Also fitted is a slip cover that prevents the feet from jamming or contacting the floor
- ‘ ' *

Figure 7:lockable rollers

Position the rollers so that there can be no jamming or tripping hazards !

DANGER
All rollers must be locked at all times!
they may be unlocked only whenthe system is being transported.

DANGER OF DEATH
When electrical wiring is pulled out!

Immediately have defective roller replaced!

Use only original spare parts!
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3.6 Description of the systems

3.61 Plasmachamber
The most important feature of the plasma cha mber:

1 Protects against possible UV radiation generated during the process

1 Shields against possible electromagnetic fields generated in the process
the chamber is of electrically conductive material. All parts are earthed, generating a shield

1 Chamber doo ris side hung

1 The plasma chamber door switch monitors via the safety line board whether the chamber door is
open/ closed

1 Rubber seals between the door/ cover and the plasma chamber ;

1 Integrated inspection port for observing the interior
- inspection port o f UV impermeable glass ;
- Protective grille protects against MHz and GHz system emissions

Sintered filter protects pressure measu rements (Baratron, Pirani)
Vacuum monitored via Baratron and Pirani
Electrical shutoff valves for gases, flushing gas, ventilat ion

Electrical safety valve for vacuum

= =4 -4 -2 -9

Door kept closed with magnets (not on systems with cover)
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Plasma chamber door

Permanent magnets

Door seal

Inspection port for observing the plasma

Permanent magnets

Figure 8: door plasma chamber

The chamber door is side hung to facilitate the unhindered loading and unloading of work pieces
Seals / Tightness of the door

The plasma chamber door must close tightly if the required vacuum is to be generated
for this purpose, seals have been fitted in the door and is seats
if the door is not tight  , the proces s cannot be performed, on only with great difficulty

DANGER

Generating a negative pressure behind a door that is not tight poses the danger of objects or
parts of the body being sucked in!

1 Note our instructions in the chapter "General description/ se als".

Door kept closed with permanent magnets/ Preventing the chamber door from opening during
ventilation

The permanent magnets serve to keep the door closed properly and to prevent it from opening when it
is being vented.

If the chamber door opens durin g ventilation, the retaining magnets must be replaced
Switch for monitoring the chamber

The door switch fitted to the front of the plasma chamber monitors whether the chamber door is open
or closed .

Not until this switch has been pressed can a process be started. The switch is open when no voltage
applied. The switch does not function as a closing mechanism.
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Inspection port and protective grille

The inspection port serve for observations of the plasma and protects against possible UV radiation
generated du ring the process .

Clean the observation window regularly. Coating residue may distort the appearance of other processes,
and your process control improves when you can identify the colour and distribution of plasma

DANGER

The inspection port must be undamaged at all times!

the system may not be operated with a damages UV Window

there is a danger of grievous injury, e.g. to the eyes, when the window or UV protection fails

On MHz and GHz systems, a protective grille is fitted in front of the window th at protects against
13.56MHz emission

The protective grille must be undamaged at all times if it is to retain an adequate protective
function.

DANGER

The protective grille must be undamaged at all times!

the system may not be operated with a damaged protective grille!

there is a danger of grievous injury when the windows or UV protection fails!
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3.6.2 Connection panel

Fitted to the side wall is it the connection panel for the supply media (connection of the plasma system to
the electricity mains and process and flushing gas supplies), vacuum pump, USB and LAN ports, and the
main switch for the plasma system

Gas connection 1+2

Main switch

Suction hose for
vacuum chamer

fan
Compressed air
Mains supply
Flushing gas
connection

Figure 9: connection panel

the depictions may differ from the original
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supply lines to the connecti on point of the system e.g. from gas bottles and electrical lines, must be
installed so that they are protected and strain  -relieved and are unable to be pulled off or result in

tripping hazards .

Make sure that all connections are secured correctly and ae thight.

DANGER
The gas connections may never be confused
Before executing/ calling a process in the control/ PRS, check that the gas has been connectec

to the correct site!!
There is a risk of malfunction, damage environmental pollution, and possibly grievous injury!
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3.6.3 Gas system

Pirani sensor z Pirani digital

Pressure measurements on vacuum systems

Technical data :

Measurable pressure range : 0,01 to 10 mbar
absolute tolerance of end range : <5%

Mass (sensor head ): 180 g

sensor measurements; D: 60 mm, L: 63 mm
flange connection : KF 16

Is electromechanical design

makes the sensor head

(0,1 mm wire of precious metal alloy )
highly resistant to chemical effects.

Available with calibration certificate
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Baratron

Manufacturer : MKS vww.mksinstruments.de )
Intended use : above all processes with CF4

The Baratron pressure sensor is a diaphragm pressure gauge
this measuring method means that the pressure sensor is highly resistant to corrosive gase S.
For details on this pressure sensor, visit the manufacturer's website.

Baratron

Manufacturer : Pfeiffer (www.pfeiffer -vacuum.de)

The Baratron pressure sensor is a diaphragm pressure gauge.

this measuring m ethod means that the pressure sensor is highly resistant to
corrosive gases.

For details on this pressure sensor, visit the manufacturer's website.
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MFC/ Needle valves

The gas system containing e.g. the valves/ shut off devices, mass flow controllers (MF  Cs),vacuum
switches, encoders, seals, etc. is designed in accordance with the properties of the gases/ substances
used (hazards level, effects in seals, etc.)

Please observe our instructions in the chapters "Correct and proper use/ process development
and "General safety and accident prevention information"!

The system has been designed and built exclusively for the gases and substances listed in the
chapter "Technical data/ approved processes, gases, and substances"

Note the information in the safety data sheets provided for the gases/ substances used!

The specified connections/assignment for the gases can be found in the chapter
"Technical data/ Approved processes, gases, and substances"

Basic MFC functions
Mass flow controllers (MFC) regulate the gas flows.

Downstream partition seals open and close to let through and stop the gas supply. A safety valves serves
as an additional portion when hydrogen (optional) is used.

A vacuum switch makes sure that only gas can be introduced to the plasma chamber when the pre set
vacuum has been generated in the plasma chamber.

(see also "Gas flow diagram™ in the system documentation” )

3.6.4 Flushing system
The flushing system is part of the gas system

Basic function

The flushing system floods the whole system (chamber  and piping systems) and, depending on is design,
the pump) .

(See also "gas flow" or "flushing diagram" in the system documentation )

The system is flushed with N2 provided by a gas bottle connected to the system. The flushing system is
regulated by flushi ng valves in the lines to the chamber and, depending on the design, through a flushing
valve to the pump.
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3.6.5 Ventilation system
The ventilation system is part of the gas system

Basic function

The ventilation system equalises the pressure between the plasma  chamber and the surroundings.
Before the system can be ventilated, the chamber may first be flushed to rid it of any hazardous gases.

The system is vented through valves with filter.
Basic function - slow ventilaton

The ventilation system equalises the p ressure between the plasma chamber and the surroundings.
Before the system can be ventilated, the chamber may first be flushed to rid it of any hazardous gases.

The system is vented through valves with filter. This filter is so fine that the pressure in t he vacuum
chamber builds up only slowly and no components can whirl about.

(See also "Gas flow diagram" in the system documentation”. )

CAUTION
The ventilation valves can be hot
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3.6.6 Vacuum generation - pump

basic function

the pump is connected to the p lasma system and regulated by the control. The pump is released as soon
as the following requirements have been fulfilled.

1 Emergency off not pressed

1 Chamber door closed ,

1 Temperature in the chamber OK
1

Vacuum generation released by control

Basic function - slow pumping off

The pump and the bypass valve are regulated by the control
The valves are released as soon as the following requirements have been fulfilled.

1 Emergency off not pressed

9 Chamber door closed,

I Temperature in the chamber OK,

I Vacuum generat ion released by control

Slow pumping off through the bypass valve prevents small components from whirling about the
chamber .

Information on the delivered pump type and manufacturer can be found in the chapter
"technical data”

Further information on our  functions, operation, inspection, maintenance, etc. can be
found in the documents provides by manufacturer

CAUTION
There may be hot sites on the pump and the piping systems

There is a danger of burning injury

3.6.7 Plasma excitation / -generation - generator
In low pressure plasma systems, the plasma is excited by high frequency electromagnetic fields orin
conjunction with the process gas introduced to the plasma chamber

Serving to generate the high frequency fields are
I The generator, which provides the AC voltage needed

1 The electrodes, which between them generate the high frequency field.

the generator (frequency range) and the electrodes (geometry, size, arrangement, material) have been
configured to the requirements

i Of the plasma to be generated ,
9 Of the desired process, and

1 Of the work piece properties
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Only Diener electronic GmbH & Co. KG may permit the exchange of a generator, e.g. for augmenting the
potential range of applications

Ceramic insulators have been fitted as insulation for the high volta  ge equipment .

DANGER OF DEATH

Please observe our instructions in the chapter "general safety and accident prevention
information/ special instructions for equipment under high voltage"!

High Voltage
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The required capacity must be determined for each  process.
the basic generator settings are made during commissioning. The power switch in the device is always at
IIONII

The control/ PRS switches ON and OFF the power supply to the generator

The control switches ON the generator only when this is neededto  excite plasma and all conditions
relevant to safety have been queried via the control
the system features a safety cut -out for the generator

1 Inthe form of a vacuum safety switch that activates when there is no vacuum in the plasma chamber
and

1 Inthe fo rm of the door switch on the plasma chamber
In standby mode, the generator is kept switch OFF by the control

The generator is regulated within the set limit values via the control/ PRS

The generator's power supply must always be connectedo the system's power supply.

NEVER

Connect the generator to any other power supply!

There is DANGER OF DEATH
High voltage

The operator may change the settings only when these changes have been released by
Fa. Diener electronic GmbH & Co. KG , the operator has been instructed by Diener electronic GmbH & Co.
KG, and this instruction has been documented in writing !

(see also chapter "correct and proper use/ changing configuration parameters, programming etc. the
system control” )

DIENER ELECTRONIC | MANUAL Tetra v1.0 Seite 67 von 204




LFG 40 Generator

1. Power display in strument
this shows the actual value of the generator power

2. mains switch with control lamp

3. Power (reference value potentiometer )
in manual mode, this potentiometer can be used to set the reference value for the HF power

4. red signal lamp @@verheat 3
this lights up when the generator overheats

5. greensignallamp QA F o nj
this must be depressed, this lamp lights up when the output power is greater than about 10%

| L ‘ ‘ m 5.
.M‘ 4.
3.

| B e
2 ﬁéo'q{‘

Figure 11: LFG-40 front side
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Rear side

fan

Type plate

Mains fusing

Mains supply

SUB-D-female connector for fully automated operations or with dummy plug for manual mode
LFoutput (electrode sockets )

o gk wNE

Figure 12:LFGA40-rear side

accessories

1. electrode connecting cable
2. SUB-D-test plug
3. Mains supply cable

Figure 13: LFG-40 accessories
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LFG 80 Generator

Frequency

80 kHz

Power

pulseable

B

Impedance matching

automatic

Forward power gauge

Reverse power gauge

Safety cut out

Crystal controlled frequency (+/-0,05%)

PC-interface

Max. output current

10 A

Max. output voltage

1200 VAC

Max. power consumption

3600 W

Mains voltage

3 Xx 210VACS52680z

Input current

Max. 3x7A

efficiency

> 90 % at power rating

Power regulation

Currentmode 1AZ10A
Power 0 z 5000 W
Burst-Mode:

pulse width : 100 ps z 100 ms
Pulse delay: 100 ps z 100 ms

Precision

Better than 5 % of th e end value

Loard error tripping time Trip time

For short circuit/ zero load : <1 Sec

For configuration error : <5 Sec

Synchronised parallel mode

Operating temperature range

+15to +40°C

cooling

Max. 323 m3/h air throughput
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Front side

1. Mains switch with control lamp
2. Toggle switch I, P, U
for switching over the regulation : | =current , P =power , U = voltage
3. LED-Overheat
lit when the generator is overheated
4. LED Load Error
lit when the generator is overloaded
5. LED System Error
lit when on system error
6. LED Communication
lit when the generator is operated remotely
7. LED Burst
lit during burst mode
8. Enable
Release generator in manual mode (lit when pressed )
9. Burst-Mode Delay
Set in manual mode the times between pulsesi n burst mode
10. Burst-Mode Pulse
sets in manual mode the pulse duration
11. Power Adjust
regulates in manual mode the values specified (under 2)
12. Power display instrument
This shows the actual value of the generator power
1.
12.

Figure 14:LFG-80 fron side
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Rear side

1. LF1

High voltage output 1
2. fan
3rd RS 485

RJ45 for direct link to PC/ master/ slave mode. This connection is not a network port and may be
used only after consultation with a Diener employee.
4. Typenschild
5 F1
Main fuse for generator
6. Voltage supply 400V/16A
7th System Contr ol
DSUB25 (female ) for remote control of industrial system control units (24V/10V voltage levels)
8. Systemsteuerungseinheiten (24/10V Spannungsebenen)
9. LF2
High voltage output 2

1.

4.
8.
2.

5.

Figure 15: LFG-80 rear side
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RFG 13,56/100 Generator

1. fan
2. LED®MCond
Voltage supply status display
3. LED@RF on3
High frequency/ generator status display

4. Remote
System connection for control signals
5. HF Output

6. Voltage supply

Front side

Figure 16: RFG-13,56/100 front side

Rear side
||l||!|l!!lllilil||'l
]

RF - OUT

-

figure 17: RFG13,56/100 rear side
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RFG 13,56/300 Generator

Front side

1.

Mains switch with control lamp

2. Power (reference value potentiometer )

In manual mode, this potentiometer can be used to set the reference value for the RF power
3. Power display instrument

This shows the actual value of the generator power
4. Green indicator lamp

This must be depressed. This lamp ligh ts up when the output power is greater than 10%
5. LED Overheat

This LED lights up when the generator is overheated
6. LED max. Power

The LED lights up when the max power is reached or exceeded
7. LED +50V
8. LED Overload

The LED lights up when the max power is overlo aded
9. LED Pulse

This LED is relevant only when you have a pulsable generator. It shows the mode the generator is

currently operating in (burst or continous).

3 3. 2
P s .

. o ; 5 T —— >

] il N o
& OVERLOAD

MAIK REON POWER

st PUSE

|

Figure 18: RFG13,56/300 front side
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Rear side

1. Fan
Main fan for cooling the electronics
2. RROUTPUT
HF-Output is connected to the matchin input

3. REMOTE

Remote allows the generator to be controlled from another device
4. Fan

Fan for cooling the generator's power supply delivering +50VDC operating voltage
5. PE

Generators' earthing point is best connected FIRMLY to matchin at the chamber
6. 110-230V AC

Generators' mains feed
7. 2xSB75A

Main fusing for the generator. Fitted fuses :2 x T6,3A

110-230 V AC

Figure 19: RFG13,56/300 Rear side
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RFG 13,56/600 Generator
Front side

ON / OFF-switch
Menu button
Menu button
Menu button

. RF Power OFF
6th RF Power menu select (value settings )
7. RF Power ON

8. Auto Matching

9. CT>

10. CL >

11. CL<

12. CT<

13. Manual Matching

ik WN =

Figure 20: RFG13,56/600 front side
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Rear side

CEXIN

CEX OUT

RF Power OUT (Ausgang)
Diagnostic

Link to Matching
230V-electricity supply
ProfiBus -Modul e

User Port (Analoge Steuerung)
PE

WoeNokwNn=

Figure 21: RFG13,56/600 Rear side

Information in the delivered generator type and manufacturer can be found in the
chapter "Technical Data"

Further information on functions, operation, inspection, maintenance, etc., can be found
in the documents provi ded by the manufacturer.
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Electrode

The electrodes and their positioning have been  defined specifically for the system and for the processes
and work pieces specified for this.

If the electrodes are not configured properly to the required process/ proces s range/ work piece rage,
the required process may not achieve the required results

Only Diener electronic GmbH & Co. KG may permit an exchange or a change to the electrodes, e.g. for
augmenting the potential range of applications.

The electrode is used to generate the electrical field for the plasma.
The field is generated between the electrode and the chamber (walls, base, cover, door)

Insulators separate the electrode from the chamber

CAUTION
The electrode may never be short circuited

Electrically conductive components may not contact the electrodé

High Voltage The electrodes have been configured to the application and may not be changed/ altered

The operability of the process can be safeguarded only when the electrodes are cleaned at the first sign
of soiling or deposits (see the chapter "Cleaning"”

Generator of heat

CAUTION
The electric field/ plasma generates heat that raises the temperature of the electrode(s),
chamber, installed parts, and possibility the work piece.

The maximum permitted temperature is set in the PRS and monitored with a temperature
sensor on the chamber.

There is a danger of burning injury!
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Insulators

Figure 22: example isolator

Ceramic insulators have been fitted to the electrodes' sus  pension points on the plasma chamber

These insulators are to prevent spark over to the plasma chamber walls and equipment and to promote
the build -up of the required electromagnetic field.

Insulators, e.g. at the electrode holders, must beundamaged at all times!

Make sure that no foreign bodies, e.g. forgotten parts, can cause a short circuit

High voltage
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3.6.8 Seals

The seals in a plasma system enjoy a special status because these can have considerable
effects on the system's malfunction and failure  rate

Leaks on the system raise the risk of injury: parts of the body or objects can then be sucked in

All seals, z.B.

1 On the chamber door

1 Atthe inspection ports

1 Atlead through / holes drilled in the chamber housing for fitting encoders
1 etc.

Are made of a material that can withstand the expected mechanical and thermal loading or feature
properties that are not changed in the gases used
These materials were selected with consideration to the specific project's conditions and requirements .

The seals have a limited service life depending on the application conditions

The time when seals must be replaced can be recognised

1 By aleakage rate higher than "normal” in the system or

1 When they exhibit cracking or other damage.

The intervals specified in the chapte r "Inspection/ cleaning” must be observed without fail.
Damaged seals may be replaced only by the services of Diener electronic GmbH & Co. KG .

Before changing to gases with other properties  or to gases that the system ha s not been designed for,
first check in consultation with Diener electronic GmbH & Co. KG whether the system's present seals and
components are suitable and what measures must be taken. Only Diener electronic GmbH & Co. KG may
make any necessary modifications .
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3.6.9 Sintered filters
Also check regularly the sintered filters in the system's rear wall. If these have turned dark in colour, this
is an indication of clogged pores

If the filters are clogged, the pump off performance drops, and also the pressure sensor (Baratron/ Pirani
sensor) malfunct ions when measuring pressures.

In this case, the filters must be cleaned or replaced by the services of Diener electronic GmbH & Co.KG

Sintered filter

Sintered filter

Figure 23: Sintred metal filter (arrangement may vary depending on the chamber)
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3./ Work pieces and work piece carriers
The analysis of system requirements resulting from the work pieces' properties forms part of process
development .

General requirements for the work piece and  work piece carriers on the system side are:
1. No release of par ticles/ substances that can compromise the system's process's function, e.g.
1 Damage, e.g. in the form of incipient etching on the chamber,

Detriment to processes (activation, coating, cleaning),

Distortion of measured results or damage to measuring probe s etc.

Reactions with the gases used

Hazardous substances ( health /environment )
. the work pieces

May not release any harmful constituents

May not exhibit any deposits, etc.

Must have the correct/ permissible measurements and weights

May not contact the ¢ hamber walls

Must withstand the temperatures in the chamber without change to their properties

= =4 -4 -4 -4 a4 N =4 =4 A2 -

Must be held securely at their processing position, if necessary with suitable work piece carriers (
forces generated by ventilation and vacuum generator)

1 May not be able to charge lik e a capacitor A DANGER OF DEATH is possible
3. Work piece carrier ,

I That are introduced on the rails must be insulated adequately on their seats facing the chamber
the closer the work piece carrier is positioned to the electrode, the  more intensive become the
effects of the plasma. However, a minimum distance of 2mm should be observed between the
electrode and the top work piece surface if this is not to suffer burning .

Not our instruction in the chapter "General description/ Electrodesd

The work pieces to be processed/ treated must be suitable for the set maximum temperature if
they are not to suffer damage or lose their properties.

CAUTION
Before touching work pieces and work piece carriers, make sure that they have cooled dan
sufficiently.

There is a danger burning injury!

If necessary, war gloves
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This drum can be used to treat/ move/ rotate bulk good, small parts, etc. in the plasma

The rotary drum can be loaded and unloaded by being taken or pull  ed out until the voer can be taken

Figure 24: rotary drum

Note the maximum capacity!
(see dapter Qechnical DataJ)

Always close the cover properly

CAUTION

The drum's functions may require sharp edges, so be careful when handling it
Use personal protective equipment (gloves)

A faraday cage is heeded when sensitive ¢ omponents must be treated. This involves placing the parts to
be treated in the faray box and pushing them into the chamber

Figure 25: Faradaykafig
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3.8 System control

Please observe our instruction in the chapter "Correct and proper use"
1 Process development
1 Changing configuration parameters, programming etc. the system control

1 Instructing and training employees

The system can be started only
1 When the main switch has been set to "ON" and the control has powered up.

1 When all conditions queried by the control for a starth  ave been confirmed OK

The system control is an internal system installation and is operated via a screen.

PRS/ control via PC
The user control PRS (plasma reactor control) is a user interface serving to control the process, i.e.

1 Process control, e.g.
- Calling and modifying processes within the set limit values
A Auto mode
- Creating new processes - if these are permitted by the operator

1 Outputting operating, fault, and malfunction messages

1 Editing limit values for the process control and intervening in the system control
A Manual Mode .
Manual mode is available only to the services of Diener electronic GmbH & Co. KG .

The permitted passwords for the operator are protected by personal passwords.

The passwords must be kept under seal

N A description of how to operate the plasma reactor control (PRS) can be found in the
) chapter "Operation/ control" or in the documentation provided separately for the PRS.

Only expert personnel instructed by Fa.Diener electronic GmbH & Co. KGnay operate the
control/ PRS. This instruction must be documented in writing.
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Operating statuses / modes
The system's operating s tatuses and modes are as follow s

There is no voltage across the system ;
the mains switch on the system is set to OFF or the system has been disconn ected from the mains at
the plug.

Mains witch is CONJ
See also the chapter "General description - main switch"

1 The PC and screen power up, and the start screen appears. Clicking the button "Start" opens the
main screen for the PRS .

1 All other system parts  are switched OFF or free of voltage

Standby, i.e. all programs/ processes have ended
or no program/ prograss has started

All system parts are in a safe state, e.g.
No gases in the plasma chamber or in the system

Safety valves are closed, e.g. gas supply, etc.

1
1
1
I The plasma chamber has been vented
1 The generator is switched OFF

1 The pump is switched OFF

1

etc.

See also the chapter "General description/ system functions relevant to safety”
The system's modes are as follows :

Auto mode
the preparations for auto m ode involve calling the programs listed on the PRS menu "auto mode",
editing the pre -set, released parameters within the defended limit values, and saving/ creating these
as variants,

possible parameters may be e.g.
pumping off time

gas supply period

proc ess period

flushing period

= =4 A -a -2

ventilation period

Once the process has been created and is within the permitted reference values, the process can be
called and started.

For the auto mode, the system must have been fully equipped and configured and the desired program
called.
Auto mode cannot be started until

1 All protective equipment is active (e.g. chamber door, cabinet door closed, etc.),
1 all defined safety parameters are within the reference range and
9 the control button "ON" has been pressed

Pressing the bu tton "start program” starts operation, and the system is how in auto mode .
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Manual mode

manual mode is intended only for commissioning and services and is available only to the services of
Diener electronic GmbH & Co. KG

If necessary, also individuals func tions are available to the operator , that have been released
explicitly by Diener electronic GmbH & Co. KG .

for these functions, a password is assigned to the person that has been instructed in this work. (Not
the case for systems with 3.5" screen)

Possible released functions may be e.g. :

il

f
f
f
f

Changing generator power

Changing chamber pressure

Changing gas pressures

Changing gas temperatures

Plasma chamber
o Changing chamber temperature
o Manual chamber ventilation
o0 Manual chamber flushing

Pump
Open the chamber's vis ualised valves, and switch in the pump manually
A Generating negative pressure in the chamber

Gas supply
Reference gas flows in sccm or as % A Mixing of gases

Settings relevant to safety are particularly protected and may only be changed by the services of .
Diener electronic GmbH & Co. KG .

Fault display

1

f
f

Operating, fault, and incident messages in the control/ PRS, e.g in the form of
o Display fields (red/green)
o Dialog windows
o Highlights , if necessary, text fields

In the form of an indicator lamp

Incident s additionally with a horn

Indicator lamp / Horn - Option

f
f
f

green: auto mode
yellow : system in standby or manual mode 3

red: Fault
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Figure 26: indicator lamp

Remedied fault messages are confirmed at the RESET button
If no faults relevant to safety are pending, the system enters standby mode, the signal lamp turns yellow,
and the horn stops sounding. The system can be restarted.

If an incident cannot be reset, the services of Diener electronic GmbH & Co. KG must be notified .
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3.9 Verification of a successful plasma process/ plasma indicators

The low pressure plasma functions can be verified with suitable indicators. This involves introducing the
plasma indicator together with the work pieces to the chamber
The indicators can be us ed for the following processes:

1 Cleaning
1 Activating
1 Etching

Operating principle:

The adhesive label is affixed to a component or dummy. This is introduced as a reference together with
the work piece to the chamber where it is also exposed to the plasma. This indicator has no effect at all
on the actual plasma process or the component itself. The treatment removes the organic coating

Determining the indicator thickness

Labels bearing points corresponding to each of the indicator thicknesses are affixed to a test abject. To
find the thickness suitable for your application, place this test object together with the components in

the system. If, for example, the coating thicknesses 1 to 3 have disappeared after the treatment, the
indicator if thickness 3 is th e right one for your process.

Advantages

These plasma indicators safeguard simple quality assurance. Moreover, the indicator is easy to handle,
so no additional technical work is needed

If you have any further questions concerning plasma indicators, please send an email to
info@plasma.de or visit our website www.plasma.com .

The indicator point must have disappeared completely after the end of the process

Do not touch the indicator surfaces with your hand. Labels may leave behind adhesive residue.
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4 OVERVIEW OF TECHNICAL DATA/ APPROVED PROCESSES, GASES, AND
SUBSTANCES

This chapter provides an overview of the system's most important technical data

IT presents an informa tive overview of the performance data selected system
components .

Note the documents provides by the component manufacturers !

The details in the component manufacturers" documents are binding !

Further technical data for the components can be found in the system documentation .

41 Ambient conditions and installation site

System side Closed/ air conditioned building

Note our specifications in Chapter 5 "Transport/ siting"

Permissible ambient temperature ~ 20-30 °C
for operation and in case of
decommissioned system [°C] £

Max. air humidity [% r.H.] £ 80 %

Permissible geographical height 2000 m above sea level

Atmosphere No aggressive air, no explosive atmosphere
Purity of indoor air Normal, unpolluted outside air without particulate or foreign body
content.

No Hazardous additions/ concentrations of toxic and/  or potentially
flammable/& explosive substances, media, dusts

Floor quality Level floor of adequate load bearing capacity with dust supressing
and oil proof paint/ coating
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Noise emissions Sound pressure level measured in the work station at a height of
1600 mm.

Process step: Ventilation

Lp=ca. 75 db(A)

P

4 y It is the operator's responsibility to determine the actual

sound pressure level in the work stations, to affix signs

W demanding the use of suitable hearing protection, if
necessary, and to provide the operator with this hearing
protection.

.
.

4 y.  The noise emission values for each of the devices used can
< ) be found in the documentation provided by the component
N manufacturers

Min. lighting leve Is for Min. 500 Lux

the work stations
The operator must ensure that ensure that adequate lighting has
been provided on site.

4.2 Measurements of the housing

Configuration of the system

Width mm 600

Height mm 1.700

Depth mm 800

#G  The measurements and weight of each provided component (e.g. pump etc.) can be taken
< ) from the setup plans and documents provided by the component manufacturers.

A 4
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4.3 Plasma Chamber

Configuration of the chamber

Tetra 30

Rectangular vacuum chamber of aluminium

Width mm 305

Height mm 300

Depth mm 623

Volume | ca. 57

Closure manual door with window

1 The chamber can be heated up to about 80°C
1 Temperature is adjustable

91 For defined pro cess conditions and high etching rates
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Configuration of Work piece carriers

Tetra 30
Edged work piece carrier of high grade steel perforated plate for rectangular vacuum chamber (PF
MODE)
Width mm 250
Depth mm 331
Height mm 8
Material Silicone or FKM

High grade steel /[FFKM
Piping of high grade steel

Note our instructions in the chapter "General description/ Seals"!
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4.4 Connecting to the electricity mains

Housing manufacturer Rittal or Knurr
Operating voltage 400V /16 A
Frequency 50/60 Hz

X The power ratings of each component can be taken from the setup plans and documents
) provided by the component manufacturers.

Protection class IP 44 or higher
For all equipment/ units not installed in the housing

It is not permitted to clean with water/ steam jets, etc.!!

All electricity consumers are supplied from the
system's mains connection .

Vacuum pump

Generator

Water cooling system

Heat load of heating elements Heating cartridges xxxx W
W]
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4.5 Generator

Is presents an informative overview of the performance data for selected system
components

Not the documents provi ded by the component manufacturers !
The details in the component manufacturers ' documents are binding!

The full set of technical data can be found in the system documentation

The working range of the generators is0,2 to 1,0 mbar.
A If the pressure isbelow or above this, the generator may be defective or the generator will not

ignite.

In case of process pressure outside the work area, a written permission of the companyDiener
electronic GmbH & Co. KGmust be obtained, otherwise the warranty expires.

Attention! The generator can only be ignited when the Pirani release is available
(one-off pressure below 0,4 mbar).

Frequency 80 kHz
Power 07 1.000 W
pulseable T
Impedance matching Automatic

Forward power gauge

Reverse power gauge i

Safety cut out

Crystal controlled frequency T
(+/-0,05%)
PC-Interface

5

Manufacturer Diener electronic

DIENER ELECTRONIC | MANUAL Tetra v1.0 Seite 94 von 204




4.6 Electrode

Configuration electrode

Type B
Standard electrode of aluminium sheet for rectangular vacuum chamber

4.7 Pump

Configuration of vacuum pump

Manufacturer Busch

Name RHO090B
designa tion Rotary vane pump
Intake capacity 80 m3/h

Oil type Mineral oil
exhaust -filter Z

Al203 -oil -filter Z

Operation with oxygen,
argon, and other
process gases possible

Suitable for corrosive Z
gases
Water cooling necessary Z
Figure
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Manufacturer Busch Busch Busch
Name R5 RA 0025 R5 RA 0063 R5 RA 0160
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake cap acity 25 ms3/h 63 m3/h 160 m3/h
Oil type Mineral oil Mineral oil Mineral oil
exhaust filter Z Z Z

Al203 -oil -filter Z Z Z

Operation with oxygen, R s .

argon, and other

process gases possible

Suitable for corrosive Z Z Z

gases

Water cooling necessary Z Z Z

Figure
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Manufacturer Busch Busch Busch

Name R5 RA0250 R5 RA0305 Cobra BOB BA100
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 250 m3/h 305 m3/h 100 m3/h

Oil type Mineral oil Mineral oil Mineral oll
exhaust -filter Z Z Z

Al203 -oil -filter Z Z Z

Operation with oxygen, R s .

argon, and other

process gases possible

Suitable for corrosive Z Z Z

gases

Water cooling necessary Z Z Z

Figure
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Manufacturer Busch Busch Busch
Name Cobra DP250 BRV1200A 0630 BRV2400A 0630 C
designation Rotary vane pump Pump stand Pump stand
Intake capacity 250 m3/h 1200 m3/h 2400 ms3/h
Oil type Mineral oil Mineral oil Mineral oll
exhaust -filter Z Z Z

Al203 -oil -filter Z Z Z

Operation with oxygen, R s .

argon, and other

process gases possible

Suitable for corrosive Z Z Z

gases

Water cooling necessary Z Z Z

Figure
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Manufacturer Leybold Leybold Leybold

Name D8B LVO 100 D16B LVO 100 D16BCS LVO 100
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 8 m3/h 16 m3/h 16 m3/h

Oil type Mineral oil Mineral oil Mineral oll
exhaust -filter s s s

Al203 -oil -filter Z Z Z

Operation with oxygen, R s .

argon, and other

process gases possib le

Suitable for corrosive Z Z

gases

Water cooling necessary Z Z Z

Figure

5
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Manufacturer Leybold Leybold Leybold
Name D16BCS D16BCS D25B LVO 100
PFPE PFPEAI203
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 16 m3/h 16 m3/h 25 m3/h
Oil type PFPEall PFPEall Mineral oll
exhaust -filter s s 5
Al203 -oil -filter Z Z
Operation with oxygen, R s .
argon, and other
process gases possible
Suitable for corrosive Z
gases
Water cool ing necessary Z Z Z
Figure B |
q (Y
ST
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Manufacturer Leybold Leybold Leybold

Name D25BCS LVO 100 D25BCS PFPE D25BCS PFPEAI203
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 25 ms3/h 25 m3/h 25 m3/h

Oil type Mineral oil PFPEall PFPEoll

exhaust -filter s s s

Al203 -oil -filter Z Z

Operation with oxygen, R s .

argon, and other

process gases possible

Suitable for corrosive

gases

Water cooling necessary Z Z Z

Figure

e a

5
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Manufacturer Leybold Leybold Leybold

Name D40B LVO 100 D40BCS LVO 100 D40BCS PFPE
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 40 m3/h 40 m3/h 40 m3/h

Oil type Mineral oil Mineral oil PFPEoIl
exhaust -filter s s s

Al203 -oil -filter Z Z Z

Operation with oxygen, R s s

argon, and other

process gases possible

Suitable for corrosive Z Z

gases

Water cooling necessary Z Z Z

Figure
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Manufacturer Leybold Leybold Leybold
Name D40BCS PFE -Al203 D65B LVO 100 D65BCS LVO 100
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 40 m3/h 65 m3/h 65 m3/h
Oil type PFPEall Mineral oil Mineral oll
exhaust -filter s s 5
Al203 -oil -filter Z Z
Operation with oxygen, R s .
argon, and other
process gases possible
Suitable for corrosive Z Z
gases
Water cooling necessary Z Z Z
Figure B =
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Manufacturer Leybold Leybold Leybold
Name D65BCS PFPE D65BCS PFPEAI203 D65B+WAU251
designation Rotary vane pump Rotary vane pump Rotary vane pump
Intake capacity 65 m3/h 65 m3/h 65 m3/h
Oil type PFPEall PFPEall Mineral oll
exhaust -filter s s 5
Al203 -oil -filter Z Z
Operation with oxygen, R s .
argon, and other
process gases possible
Suitable for corrosive
gases
Water cooling necessary Z Z Z
Figure T B =
ee m‘ e e m
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Manufacturer Edwards Edwards Edwards
Name iH1800 iQDP40 iQDP80
designation Glanded pump Glanded pump Glanded pump
Intake capacity 1.800 m¥h 40 m3/h 80 m3/h
Oil type Oil free Oil free Oil free
exhaust -filter
Al203 -oil -filter Z Z Z
Operation with oxygen, R s .
argon, and other
process gases possible
Suitable for corrosive
gases
Water cooling necessary
Figure
By ] [2 i (2 i
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v ’ = -E e . - | -‘: e . s
pov S . ¥ S
- gl s—y A

DIENER ELECTRONIC | MANUAL Tetra v1.0

Seite 105 von 204




Manufacturer Leybold Edwards Edwards

Name SV300+WAU1001 iQDP40+QMB 250 iQDP80+ QMB250
designation Rotary vane pump Glanded pump Glanded pump
Intake capacity 730 m3/h 250 m3/h 250 m3/h

Oil type Mineral oil Oil free Oil free

exhaust -filter s s s

Al203-oil -filter Z Z Z

Operation with oxygen, R s .

argon, and other
process gases possible

Suitable for corrosive
gases

Water cooling necessary

Figure
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Operating rotary vance pumps with oxygen

The flushing gas valve installed by Diener electronic GmbH & Co. KG as standard on the
pumps helps to ensure safe working with oxygen gas.

The rotary vane pumps compress the gas, at the same time forming an internal oil mist. In the worst
case, therefore, this oil mist and the oxygen gas m ay form an explosive mixture

This safety valve is installed to eliminate this risk.

Ventilation prevents the critical O2 concentration (<30 %) from being reached and exceeded.

Flushing gas valve for pum p

Schematic of pump function with flushing gas valve

02+ N2 O,

Intake side

Pressure side

O, z fraction <30

>

_—

Flushing gas
valve
N, or
Ambient air

Vacuum pump oil
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4.9 Pressure Sensor

configruation of pressure sensor

Designation Pirani digital
manufacturer Diener electronic
guantitiy 1

Measruing range 0,1 mbar to 10 mbar
Figure

Furhter specifications can be found in the data sheets provided by the component
manufacturer .
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Designation Baratron Pirani
manufacturer Pfeiffer Vacuum Pfeiffer Vacuum
guantitiy 1 1

Measruing range

0,1 torr to 1000 torr
0,01 torr to 100 torr
0,001 torr to 10 torr
0,0001 torr to 1 torr
0,00001 torr to 0,1 torr

0,1 mbar to 1000 mba r

Figure
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Furhter specifications can be found in the data sheets provided by the component
manufacturer.
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4.10 Gas connection

configuration  of the gas connection

Manufacturer Bronkhorst
Designation MFC

Material High grade steel
Control PC

Suitable for

corrosive gases ?

Size 1- 50sccm
2- 100 sccm
4 - 200 sccm
10 - 500 sccm

100 - 5000 sccm

Number of gas

ducts
Figure
Number of gas connections 2
Flushing gas connections 1
Connecting system Swagelok - fast coupling
Max. connecting pressure gas 1-2 bar
Connect compr. air 6 bar
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411 Temperature measurements

PT100 class: F0,15
measuring range : 0to 200°C

Thermoelement Typ e K Measuring range : 0to 200°C

4.12 Monomer/bubbler bottle

Capacity [ml] 100/1000

Capacity [ml] 100/250

4.13 Active carbon filter

Activated carbon filter

Manufacturer Diener electronic GmbH & Co. KG

Type KF16/25/40

Activated carbon

Manufacturer / supply source Diener electronic GmbH & Co. KG

Type Bulk goods
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414 Work piece carrier plate(Option)

Manufacturer

Diener electronic GmbH & Co. KG

Figure

the parts to be treated lie on the heating plate

The heating plate can be heated up to max. 150°C
For defined process co nditions, high etching rates
The heating plate is fitted with a temperature sensor

= —a —a A

Manufacturer

Diener electronic GmbH & Co. KG

The water cooled plate is mounted on the chamber floor
Including water pump and water container

For coolin g heat sensitive parts

Cooling capacity : 1400 W at 20°C

= —a —a -9
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415 Process development -
Processes and process and flushing gases used and permitted

The system has been designed and built exclusively for the following gasesgubstancesand
work pieces.

If other gases/substancesare to be used, a written approval from Diener electronic GmbH &
Co. KGwill be necessary.

Please observe our instructions in the chapter "correct and proper use" and "general
description" 3

Note the safety data sheets for the gasesgubstancesused!

Use therequisite personal protective equipment!

DANGER

If gases/ substances are used that are not approved by Diener electronic GmbH & Co. KGhere
is a risk of negative process results, malfunctions, damages, environmental damages ad
possibly, severe injuries

If gases are used other than those the system has been designed andonstructed or the system
and ist processes approved for, this will take place at the sole responsibility of the operator
and will make any guarantee and liabi lity on the part of Diener electronic GmbH & Co. KGroid.

DANGER

ONLY mix permitted gases in the permittedmixing ratio!
Always ensure that no hazardous mixtures can occut
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416 Plasma indicator

manufacturer Diener electronic GmbH & Co. KG
Type Plasma Indicator thickness 1 to 6
measurements 25mmx10mmx0,1mm

Indic ator point

5 mm diameter

Temperatur e (application )

Up to 60°C without restrictions
Up to 80°C max. 10 min

Up to 90°C max. 5 min

Up to 100°C max. 2 min

Up to 150°C max. 1 min

Precision + 10%

Storage 15°Cto 35°C
cool and dark
Protect from direct sunlight

Application Low pressure plasma systems

Gas types Oxygen, Hydrogen , Argon, carbon dioxide , nitrous oxide ,
CF4, SF6, Y.

Image

1 4
2 5
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O TRAINING AND INSTRUCTION OF THE OPERATOR'S PERSONNEL

Personnel are instructe d by Diener electronic GmbH & Co. KG during the commissioning stage.

Correct and proper use includes the assurance that only instructed and adequately qualified personnel
work on and at the system.

If the owner/ operator of the system or the personnel chan  ge, the instruction must be provided
according to the following table

All instruction must be documented in writing

Operating and working directly on the system parts requires specialised knowhow, e.g. when
the system parts are being transported, sited, connected, equipped, inspected, cleaned, or
serviced.

Therefore, all work may be performed only by expert personnel who
1 Have and can verify adequate knowhow or the training needed for this work.

1 Are familiar with the general accident prevention regulati ons, the special safety regulations
required for this work, and the occupational safe regulations.

1 Have adequate qualifications for work in the danger zones or are instructed and
supervised by expert personnel

1 Have been instructed byDiener electronic GmbH& Co. KG and this instruction has been
documented in writing.

This mandatory if the system and is parts are to be controlled, transported, sited, connected,
equipped, inspected, cleaned, and operated correctly and safely.

Special requirements apply e.g
1 To the dismantling, transport, siting and connecting of the system
I To the changing of configuration parameters and

9 To the correct handling of and activities with the gases/ substances used (parametrisation,
mixing, etc.)

To the changing of processes otthe creation of new ones( e.g. gases/ substances, work pieces,
etc.) when this has been released in writing by Diener electronic GmbH & Co. KG
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Continued

These activities may be performed only by persons who have the qualifications needed for this.

Personnel without these qualifications may not work at or on the system!

A distinction is drawn between

il
il
f
f

Expert personnel
Specialised electrician who may work on the electrical installations
Operator

Assistants who clean and who load and unload the work piece carriers/ fleece rollers.

The personnel deployed must have a command of the language (agreed language according tc
specification etc.), which the interfaces the interfaces of the programs are designed in and the
language in the operating manual.

The responsibility for ensuring that only persons with adequate knowhow are assigned to the
respective activities lies with each of the superiors supervising this assigned personnel and witl
the operator's safety dficer.
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5.1 Requirements for the personnel

Please observe our instructions in the chapters

1 ‘"correct and proper used
1 "General safety and accident prevention information"

1 "General description!

FK  Expert 1 Operating Training/ inst ruction in how to operate the Fa. Diener
personnel the control / PRS control/ PRS, the function of the entire electronic
. system, and how to operate this, its GmbH & Co.
1 Changing .
. . system parts and its components parts. KG
configuration
parameters, within The operator of the control/PRS must have
the set limit values adequate knowhow, experience, and
1 Simple practice in handling the control/ PRS if he is

troubleshooting to operate the system safely.

based on messages. He must be able to draw the right

Conducting conclusion from the operating, fault, and
inspections incident messages and to implement the
maintenance suitable measures

1 Supervising the Allocation of an individual password

system and all work
in the safety zones,
auto mode,
equipping,
exchanging gas
bottles and vessels
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FK  Expert 1 Handling hazardous  Training/ knowhow/ instruction Operator's
personnel gases/substances concerning the dangers and the safety and  expert
. accident prevention measures, etc., for personnel
1 Exchanging gas ) i }
working wit h and handling hazardous
bottles and vessels Safety
substances, e.g. .
officer
1 Knowledge of the contents of the
Expert
safety data sheets for the gases/
personnel
substances used
for
1 Required personal protective hazardous
equipment and accident prevention substances
measures
1 TRGS 509storage of hazardous
substances in stationary vess els
1 TRGS 510storage of hazardous
substances in mobile vessels
1 TRGS 800fire protection measures
FK  Expert 1 Changing parameters Training/ instruction by Diener electronic Fa. Diener
personnel and switching GmbH & Co. KG e.g; electronic
functions in manual -. plasma technology GmbH & Co.
mode Special additional instruction KG
Allocation of an individual password
FK  Expert 1 Creating new Training/ instruction by Diener electronic Fa. Diener
personnel processes/ programs GmbH & Co. KG; e.g. electronic
Technician for released gases/ - plasma Technology GmbH & Co.
Engineers gas ml_xtures ’ Instructions in the chapters KG
work pieces
etc. 1 "Correctand proper use"

within the set limit
values

1 "Correct and proper use - changing
configuration parameters,
programming etc. the system control"

Must be observed !
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FK  Technicians { Mixing gases Training concerning the dangers and the The

. . safety and accident prevention measures, operator
Engineers 1 Selecting new ] . .
etc., for working with and handling must check .
processes
hazardous substances. the
1 Knowledge of regulations, standards ade‘?‘_‘aCY of
. qualification
and technical rules e.g . q
TRGS 407activities with gases 407 s an
ensure that
T TRGS400Assessment of risks for only
activiti es with hazardous substances adequately
Instructions in the chapters qualified
personnel
f "Correct and proper use" perform
1 "Correct and proper use - changing these
configuration parameters, activities !
programming etc. the system control"
Must be observed!
B Operator 1 Operating the system Instructing in the safe and appropriate The
- in auto mode performance of all work. operator's
i wnhout c.hanglng Communication the safety and danger instructed
configuration . oo . expert
information is obligatory
parameters , etc. personnel
. This is supervised by the  expert
1 Loading and
personnel .

unloading after the
end of the process

1 Restarting auto mode
process after loading
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H Assistant 1 Handling hazardous Instruction concerning the dangers and the  Operator's

gases/ substances e.g. safety and accident prevention measures, personnel

- storage and etc. for working with and hand ling Safety officer
transport hazardous substances, e.g.

- Cleaning up Expert

Knowledge of the contents of the safety

personnel for
data sheets for the gases/ substances

discharged substances

hazardous
1 etc. used.
substances
1 Required personal protective
equipment and accident prevention
measures
1 TRGS 509 storage of hazardous
substances in stationary vessels
1 TRGS510 storage of hazardous
substances in mobile vessels
I TRGS 800 fire protection measures
H 1 Cleaning the plasma Instruction concerning the dangers and the  The
chamber safety and accident prevention measures operators
1 Replenishing auxiliary Knowledge of how to handle correctly the expert
. o personnel
materials e.g. for the  substances, specifically the hazardous q
pump substances, in the system. an .
supervision
1 Cleaning/ clearing Knowledge of the safety and accident
away auxiliary prevention regulations/ contents of the
materials safety data sheets
FK  Expert General inspection and Expert personnel with unprofessional Fa. Diener
personnel maintenance work experience in inspections/maintenance electronic
. . i i i + .
Basis: The operating and Instructing in the safe and appropriate GmbH +Co
. performance of all work. KG
maintenance manual for
the system or the Communicating the safety and danger
operating and information is obligatory.

maintenance manual of
the component
manufacturers
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FK  Expert 1 Work on the Only experts with knowledge of DIN EN Fa. Diener

personnel pneumatic ISO 4414 electronic
equipment - if fitted GmbH & Co.
KG
FK  Expert 1 Work on the Qualifications as defined under the PED Fa.Diener
personnel pressure vessels and electronic
safety valves - if fitted GmbH & Co.
KG
EFK Specialised  Connecting and Acknowledged training for specialised
electrician discon necting the electricians
system and its
components
FK  Expert 1 Decommissioning Instructing the safe and appropriate Fa.Diener
personnel the system <6 Mon. performance of all work. electronic
Spem'al'lsed duratlon.or. ) Communicating the safety and danger GmbH & Co.
electrician recommissioning . . . KG
information is obligatory .
after
decommissioning < 6 Note the instructions in the chapter "Correct
Mon. duration and proper use/ Decommissioning the
system”
CAUTION

Training must not be more than 2 years ago.

The instruction provided to expert personnel, operators, and assistants and its contents must
be documented and maintained at the latest level.

The instruction logs must be kept in a safe place and presented on request.
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5.2 Introduction/ coordination and implementation of measures in the
event of an alert

The operator must provide one or more named persons on site who can assess the emergent
alert/ incident situation and introduce the required measures.

This persons orthese persons must supervise the work on or at the system when personnel are
inside the safety zones!

The introduction and coordination of the measures must be simulated in actual example cases.

5.3 Passwords/ Keys

Trained and instructed personnel recei ve a password corresponding to their training level that they can
enter to operate the system.

These passwords are hierarchical so that only those functions can be executed that correspond to the
operator's training level.

Passwords and keys must be kept u nder lock and key and may not be freely accessible !
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6 COMMISIONING, TRANSPORT, SITING, DISMANTLING

6.1 Safety instructions for dismantling, transport, siting, connecting

N Before commencing work, observe our specifications and instructions in the chapters

1 "Correct and proper use"
i Gener al Safety and accident prevention
1 "General Description"

1 "Technical data"

1 "Training and instruction of the operator's personnel"

1 "Operation"

1 "Maintenance"

And the provided

1 Operating and maintenance ma nual of the component manufacturers

1 Plans and diagrams and

1 Safety data sheets

Special knowhow is needed to dismantle, transport, site, connect, commission, and
decommission the system. Therefore, all work may be performed only by expert
personnel who have been instructed.

DANGER!
Work being performed by unauthorised person's without adequate knowledge may entail
grievous injury and/or considerable damage to the system and its components.

DANGER!

Hazards and grievous injury are the consequences on failingt o observe the danger and
safety information in the chapters of this operating and maintenance manual and in the
component manufacturers' documentation.
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The national regulations and laws prescribed for the work must be observed and treated with higher
priority than our instructions.

The operator must ensure adherence to the safety and accident prevention information.

1 The personal protective equipment corresponding to the assigned activities (e.g. protective gloves,
safety shoes, hard hat, goggles, etc.) must be used.

1 The system must be disconnected as specified from the components, e.g. pump, filter, gas bottles,
etc.

1 All potentially moving system parts must be parked at a safe location and, if necessary, secured in
addition with adequate mechanical mean s, e.g. wire, wedges, etc.

Sharp edged system parts must be covered with suitable material (padding)
The system cabinet/ table housing may be hoisted only at the sites provided for this purpose!

The equip ment used (hoists, forklifts, etc.) must be sized adequately for the transported loads.

= =4 =4 -2

Owing to the high potential for damage, the unpackaged system may not be transported with a
crane and attached cables/ transport belts, etc.

CAUTION
There is a risk of tipping due to the gravity position of the system!

1 Before and during transport, the transported goods must be secured with suitable measures against
shifting, tipping , and turning, eg.g ant slip mats on the forklift tines, attached cinching belts and
securing blocks, screw unions with the pallet, e tc..

1 The goods must be transported slowly, in a controlled manner, and without collisions with other
objects.

1 Use only tools and load handling attachments that are in perfect working order!
CAUTION

Failing to overserve these instructions when transporing systems and system parts poses the
risk of damage and grievous injury!

DANGER
NEVER reach with your hands nder the transported goods or move under suspended loads.

Secure adequately the transported goods!

Observe adequate safety distances when turnirg/ manoeuvring the transported goods in tight
spaces!
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6.2 Commissioning and instructing the operator

The system is commissioned at Diener electronic GmbH & Co. KG .

This includes the siting and connection of the required components, e.g. pump, activated ca rbon filter,
etc.

Also tests are conducted either prior to or during the commissioning, eg.

1 Safety checks on the electrical installations

I Tests on the safety equipment

1 In addition, a test run is performed that checks all of the system's functions.
1

If comm issioned, the process (process development) are run and optimised.

As part of commissioning, expert personnel from Diener electronic GmbH & Co. KG  instruct the
operator's expert personnel (see also chapter "Training and instruction of the operator's
perso nnel").

On request, the system may be commissioned at the customer's location.

DIENER ELECTRONIC | MANUAL Tetra v1.0 Seite 125 von 204




Tests
Commissioning conducts the tests listed in the following
A rested system must be subjected to the specified tests.

If a test doeas not return agreement with the refe rence state, the system may not be put into
operation!

Note our instructions in the chapter "Recommissioning after decmissioning"!

P1 1 Test for damage on all equipment that may have X Visual check
been sustained during transport, e.g
- Housing
- cables and wiring
- Operator panel, indicator lamp generator operation
- Pump
- State of the chamber door seals
- inspection port in the chamber door and, if fitted,
the protective grille
- system accessories

P2 1 No foreign bodies, contaminants, damage, loose X  Visual check inside the housing
parts, etc., inside the system
P3 1 Check of correct fastenings X Visual check of the fastenings/
sittings of the pump, gas
bottles, etc.
P4 1 No sharp edges, cu tting sites, etc., on the X Visual check for damage
components
P5 1 Check of the components' compliance with the X Pump
manufacturer's specifications
P6 1 Check at the installation site X Visual check

- Adequate accessibility
- Protection of system parts against damage
- Reliable stability/ fastenings (pumps, rollers braked,

etc.)

P7 1 Correct connections of the system and its X Visual examination by expert
components, e .g. personnel and specialised
- Pump, gas ballast, flushing N2 electrician

Connection sites on the system

- filter, exhaust air routed to the outside
- gas bottles, pressure reducers,
connecting points on the system
secure fastening of the gas bottles

- Polymerisation accessories - if fitted
- Extractor effectiveness, if necessary
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Fortsetzung Tabelle

P8 Protected routing and correct secruing of electrical and Visual check
pneumatic lines (e.g. no tripping, scraping, or crushing
hazards)

P9 Checks for the electrical install ations as defined in DIN EN Visual examination by
60204-1 specialised electrician

P10 Checks for the pneumatic/ compressed air supply Visual examination of lines,
systems as definded in EN 4414 - if fitted maintenance unit, etc.

P11 Tightness and pre ssure losses in the vacuum chamber Determination of the leakage
and vacuum system rate, in the event of
Remark: Leakage rates are measured during the trail run. unpermitted deviations, contact

Diener electronic GmbH & Co.
KG.

P12 Cirrect connection/ tig htness and pressure losses in the Visual examination of the
gas supplies and their vessels, connection/ tightness of gas
if necessary, measures to prevent hazardous gases from bottles, pressure reducers,
mixing (see also the chapter "Operation") plugged connections to the

system, etc.

P13 Correct setting values On gas bottles, etc., and check
of the configuration values in
the control

P14 Function of the emergency -off chain ( emergency off Test or visualisation via PRS
button, chamber door switch, vacuum switch, door in the
houisi ng)

P15 Function of the ventilationd and emergency ventilation Test or visualisation via PRS

P16 Protective equipment/ cladding, etc., has been fitted Functions of housing covers
correctly and completely

P17 Functions of signalling and alarm units Test or visualisation via PRS

P18 Checks for the generatrion of vibrations that may The installation site selected
compromise functionality and/ or stability must prevent vibrations from

being transferred out of the
pro duction environment

P19 Noise levels, effectiveness of sound insulation
Correct labelling, e.g. danger information, component
designations

P20 The system's agreement with the documentation
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Testing the control/ programs

The programs are tested for their correct and reliable functionality during commissioning, the trial run
for the system functions, and the trial for the processes.

Defective programs and program sections are corrected.
Practical tests on the logic floes, e.g.

1 Correct functioning of the work flows

1 Correct functioning of the safety equipment

1 Correct limit values
1

Protection of the limit values and of the programs and program sections that the operator may not
alter or adjust.

 etc.

Trial run for system functions
The trial run for th e system functions serves to configure and optimise the system parameters
This tests the system and the emergency functions.

The trial run includes leakage tests on the gas system, vacuum generation, and exhaust air system and
the determination of the lea kage rate.

Trial run for processes
Please observe our instructions in the chapter "Correct and proper use/ Process development"

The process and configuration parameters are set and optimised specifically for the processes (gases/
gas mixtures, work pieces , etc.) supplied by Diener electronic GmbH & Co. KG .

The set limit values are tested.

Release

Once it has been verified that the system runs perfectly and can be operated safely, the acceptance log/
commissioning report is issued and the system released b  y the ordering party.
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6.3 Transporting, siting, and dismantling the system

Owing to the system's resitting capabilities , the operator may change the system's location.
If the system is to be resisted, relocated, or placed in storage, it must first be  dismantled.
The system is dismantled and resisted and its components connected

1 By the operator's instructed expert personnel,

1 On the basis of the documents provided by . Diener electronic GmbH & Co. KG  and the
component manufacturers.

1 Based on the provided circu it diagrams and schemes

We recommend commissioning Diener electronic GmbH & Co. KG with the initial and all
flowing sittings at your locations .

. Diener electronic GmbH & Co. KG does not accept any warranty claims or liability for any
direct or indirec t damage incurred by the operator during transport or as a result of
mistakes in the siting, connecting, commissioning, or dismantling of the system or its
components

DANGER
An incorrect procedure may entail danger and the associated injuries!

Always usethe required protective equipment!!
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6.3.1 Preparing for transport/ Separation of the subassemblies

Requirements

(see also chapter "Decommissioning and recommissioning the system")

1 The system has been flushed during its last use.
1 There are no hazardous subst ances in the system ;
gas bottles, monomer vessels, etc., have been removed
1 The system has been cleaned
1 Allloose parts, e.g. work piece carriers, etc. have been removed
Before transport, the system must first be separated into the following subassemblie s
1 Housing
T Pump
1 Water cooling circuit (pump dependent / option)
1 Filter
1 Hose lines
o Housing, pump .
the hose remains attached to the system and is  disconnected only from the pump
the hose must be protected against damage during the transport, e.g . it is secur ed to the
housing, etc.
0 Pump, exhaust air filter
o Of necessary, exhaust air filter, routing out of the room
1 Gas bottles and vessels
I The indicator lamp may have to be removed (by instructed specialised electrician only)
Please note :
1 All open connections mu st be sealed
1 Close and, if necessary, secure doors (housing and chamber)
1 Protect cables and wiring
1 Remove or secure all loose parts from the chamber

CAUTION
Place padding over all connections for gases and, if fitted, for thepolymerisation accessories
screen, operating elements, etc, so that they cannot sustain damage during the transport!
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6.3.2 Packaging

Protection of the system parts/ components against damage during transport

Design the packaging with consideration to the specific requirements such as shipping mode/ route,
ambient conditions, etc., e.g. against the effects of external forces, soiling, wetting, condensed water, etc.

Place padding over the system sites that may sustain damage during transport or lead to injury.

Packaging recommendat ions

System cabinet/  On a pallet in a robust crate, if necessary in waterproof sheet or with desiccants

Housing

Accessories In crates, if necessary, with padding

6.3.3 Hoisting/ transporting with a forklift

Control cabinet
The system cabinet may be lifted on ly with a forklift or lift truck. Lifting cables may cause damage.

1 The panels at the bottom of the system cabinet must first be removed before the lifting equipment is
moved underneath.

1 If fitted, rotate all rollers on the system cabinet to the inside, and lock them in place

I The system cabinet must be secured against tipping before and while it is being

Table device
Whenever possible, the system should not be carried, but transported on a dolly or similar.

If the system must be carried, make sure that enou gh persons are available

6.3.4 Transport position and transport locks
The system cabinet/ housing may be transported vertically only

Recommended transport locks
1 Use the provided crate for the system

I Secure the system against slipping
for example, with wooden blocks or other fillers .

1 The chamber door is kept closed by the magnets in the door
In addition, secure the chamber door, e.g. with tape

1 Use sheeting to protect the cover against breaking/ scratching.
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6.3.5 Special transport and storage instructions
The system must be transported in compliance with the national regulations and laws for accident

prevention.

The packaging, transport mode and route, and storage selected must ensure that the system cannot
sustain damage from transport effects, e.g. heat, high air ~ humidity , vibrations/shock, infestation by
rodents/ insects, etc.

Storage and transport are subject to the specifications in the chapter "Technical data/ ambient
conditions and installation site".

CAUTION
The transported/shipped system and its equipment may not be exposed to vibrations/shock!

Vibrations/shock may cause damage to the system parts e.g. of the electronic/electrical
systems.

6.3.6 Internal transport

If the system is to be resisted at the same production location, the system cabinet/ housing may
generally be transported with a forklift/ dolly. Make sure that the system cabinet/ housing cannot tip
over.

Disconnected systems on rollers can be pushed to the new installation site.
Requirements

1 Only in the completely dismantled state( see "Prepari  ng for transport/ Separation of the
subassemblies™)

1 No obstructions or other hindrances in the transport route

1 If necessary, place padding on the system

CAUTION
Transporting the system cabinet may involve a risk of tipping when it is pushed at the wrong
place!

The transport route must be free of obstacles and other hindrances if it is not to tip over!
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Installation site
See also the chapter "Recommissioning after decommissioning”

The system has been designed and built specifically for the requiredfunctions and ambient
conditions.

Changing or deviating from thins concept may give to risks affecting the system's functions and
safety.

Please observe our instructions in the chapter "Technical data"

The operator of the system selects the suitable siting location .

The system's installation site must fulfil the following conditions, or the installation site selected
must be such that

1 Iltislevel and free of obstacles

1 The system cannot be damaged e.g. by superstructures on the traffic routes, effects from
adjacent production areas, etc.

All work places can be accessed and there is adequate room for movement for safe working
There is adequate lighting, ventilation, and if necessary, extraction.

No electrical interference fields

1

1

1

1 No vibrations or oscilla tions

1 No contaminates in the intake or ambient air
1 No static or dynamic loads

1 No heat, cold, or moisture sources

Cab affect the system and its equipment, etc.

The exhaust air from the system must always be routed unobstructed to the outside.

The operatio n of the system must take place under normal conditions (see the chapter "Technical data"
for permissible temperature and humidity). The system has not been designed for operations in a
potentially flammable and/or explosive environment.

After changes to the system's working environment, e.g. conversions or installations in the system's
adjoining areas, the operator must verify that the siting conditions are fulfilled and check whether any
protective measures are necessary for the system.

1 If hazardous ga ses/substances are used, the operator must check whether suitable extraction is
necessary at the connecting points.
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Siting
The sited system and accessories must allow access to all operating and maintenance points without
hazards.
The system and accessor ies must be sited in such a manner that
1 There is adequate working space
1 There are no impact or tripping hazards
o Gas bottles, pump, etc., are placed as close as possible to the system
0 Secure gas bottles against falling over
o Cover lines with e.g. ramps

0 If necessary, attach strain relief devices

DANGER OF DEATH
Electrical wiring tearing off and damage to connections, etc., caused e.g. by tripping hazards,
may pose DANGER OF DEATH!

I There can be no damage, e.g. personnel may not stand on components, load s not placed on lines,

etc.
1 There is good accessibility to all work and maintenance sites
1 The system is in the field of visibility
1 The system fans are kept unobstructed
CAUTION
All of the system cabinet's rollers must be locked at all times!
Tests

CAUTION
Siting must also examine the system and its components for damage (see the chapter "Tests"
and "Recommissioning after decommission")
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6.4 Connecting the system

Further details on how to connect pumps, water cooling circuits, and activated carb on
filters can be found at www.plasma.com

Requirements
1 System has been placed on the planned site
1 Pump has been placed on the fllor

1 Provide water cooling circuit.
(Optional, not necessary for all pumps )

Procedure

1st Connect water cooling circuit to pu mp (if fitted)
2. Connect pump to System
3. Connect filter to pump
4th Connect gases to system and gas bottle
Sth If polymersiation accessories fitted 7
fill and mount monomer vessel (Option)
6. Connect tsystem to electricity mains
7. Pump main switch to ON
8. Main switch to ON
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Connect pump to system

Procedure

1. Check pump for damage .

2ndRemove protective caps from the pump connections on the pump and system.

3rd Place O-ring between corrugated hose and pump inlet.
Use a hose clip to secure corrugated hose to pump

4th Place O-ring be tween exhaust filter and pump outlet. Use a hose clip to secure exhaust filter to
pump. A glanded pump does nit require the filter, and the xhaust hose may be secured directly to
the pump outlet.

5th Check oil level, and if necessary, replenish (see pump manuf acturer's documents)

6th Connect N2 pump ;
The N2 serves to flush ths shaft seals .

7th Connect the pump's power supply to the system (plug) ).

8th After completing all work and before switching ON the system:
- Set the main switch on the pump to ON

Pfeiffer pump for tab le system
(example with  Pfeiffer DUO 3,0)

Connection vaccum
hose Exhaust gas filter

Exhaust gas hose
with filter

Power supply system

Vacuum hose

Power supply pump
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Leybold pump for table system
(example with  Leybold D16B)

Exhaust air filter

Connection
vaccum hose

Exhaust gas hose
with filter

Power supply system

Vacuum hose

Power supply pump

glanded pump for table system
(Example with  SC5D)

Connection vaccum
hose

Power supply
system

Pump connection
Vacuum hose

Power supply
pump
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Connection vacuum
hose

Leybold pump for standalone systems
(Example with  Leybold D40B

Vacuum hose

Connection Eyhaust gas hose

Power supply

pump Exhaust gas filter

Power supply system

Connection
to pump

Comp. air

Power supply
pump

Glanded pump for standalone systems
(example with  iQDP80)

Vacuum hose

Purge gas for pump

Connection pump

Power supply pump

Pump control

Connection for exhaust
gas hose
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Glanded pump for standalone systems
(example with  SC30D)

Vacuum hose

Power supply pump

System power supply

Pump connection vacuum hose

Abgasschlauch

Figure 27: Pump Connection
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Connecti ng the process and flushing gases

See also the chapter "General description/ Connection panel” and "Equipping".

The process and flushing gases are connected via a connection panel to the right side of the cabinet or
via couplings to the rear side of the table housing.

Connection for

flushung gas N2

d!ongf
|

[irous om0V ] |

o S

Connection for g as 1+2

Connection for gas 1+2

= - & &

MAINSWITCH RECIPIENT

@
(s

COMPRESSED PURGE PURGE GAS
AIR GAS  FOR PUMP

GAS 1 GAS 2 GAS 3

Connection for flushung gas N2

Figure 28: Process and flushing gas connections (example)
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Supply lines to the connection point of the system e.g. from gas bottles and electrical lines, must be
installed so that they are p rotected and strain -relieved and are unable to be pulled off or results in
tripping hazards.

Make sure that all connections are secured correctly and are tight.

DANGER
The gas connections may never be confused!

Before executing/ calling a process in thecontrol/ PRS, check that the gas has been connected
to the correct site!
There is a risk of malfunction, damage, environmental pollution, and possibly grievous injury!

If the system is not being used,
1 The gas bottles must always be depressurised and dsed

1 Vessels for substances, e.g. bubbler and safety bottles, must be emptied!
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Connecting to the electricity supply

The system is connected with a plug to the mains.
See also the chapter "General description/ main switch", "Technical Data 3

Network, U SB Connections

The connection panel on the right side and under the PC offers additional connections, e.g for an
external network, USB

Figure 29: Network connections

USB For program and data back ups

Network connection This allows e.g. TeamViewer or similar to access the system and
transmit data over a LAN link to the internal computer, e.g. for

1 Remote maint enance

1 Data filing
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Connecting the water cooling circuit
Procedure

1st Check water cooling circuit f or damage

2ndRemove protective caps from the connections.

3rd Use water hoses to connect water cooling circuit to the pump
4th Fill water cooling circuit with coolant

5. Water cooling circuit power cable

6. Switch ON water cooling circuit

Water in to cooling circuit Water oit of cooling circuit
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6.5 Decommissioning and recommissioning the system

See also the chapter "Preparing for transport/ Separation of the subassemblies"

If the system is to be shut down for a longer period or transported to another site, precautions must be
taken to ensure that the system's compo nents and its equipment are not damages as a result of
decommissioning.

Please also overserve the instructions issued by the component manufacturers in the provided
documentation .

Within the framework of warranty/ guarantee, the system can only be decommissioned by the
services of Dienerelectronic GmbH & Co.KG

Out of warranty/ guarantee, the system must only be decommissioned by specialists that
where trained by Diener electronic GmbH & Co.and whose training is documented in writing.
Training must not be more than 2 years ago. The operator candecommission the system with
the exclusion of any liability on part of Diener electronic GmbH & Co. KG

Please observe our instructions in the chapter "Correct and proper use- decommissioning the
system" and "Training and instruction of the operator's personnel" 3

During decommissioning , the following work needs to be performed:

1 Run cleaning program, and vent system ;
if fitted, flush polymerisation system, and remove vessel, clean and protect connections
if necessary, use padding

1 Back up the system's and process data

1 "Power down/ switch OFF" PRS

I Set switch on the pump to "OFF"

1 Depressurise the gas bottles, and disconnect them from the system.

1  Secure the main switch at the OFF position against inadvertent reactivation

1 Disconnect electrical connection cable (plug) from the mains

1 Remove work piece carriers, and clean the plasma chamber and door seal (see the chapter
"Maintenance/ cleaning")

1 Perform decommissioning and preservation work on the pump (see the pump man ufacturer's

operating and maintenance manual)

1 Perform decommissioning and preservation work on the ( optional ) water cooling circuit (see the
pump manufacturer's operating and maintenance manual)

1 Clean the outside of the system, and protect it against conta  mination, e.g. with sheets, covers, by
sealing the connections.

1 Attach and secure firmly all cladding

9 Attach visible and permanent notices on the system that the system was decommissioned and
recommissioning requires a prior and thorough inspection and if necessary, repeated inspections
may be required .

Attach date of decommissioning clearly and permanently
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During the decommissioning period of the system, it must be kept within the permissible
temperature range.

The system must be decommissioned in suctka manner that no condensate can form in the
housing or on the electrical parts.

Recommissioning and decommissioning
See also the chapter "Installation site, siting and connecting the system".

The recommission the system, the changes performed for decomm  issioning must be reversed. This
involves scrutinising the system and all components for damage and conducting the tests prescribed
under the chapter "Tests".

Furthermore, the condition of all gaskets must be examined.

After a down time within the framew ork of warranty/ guarantee and after a decommissioning
duration of more than 6 month, the system can only be recommissioned by the services of
Diener electronic GmbH & Co. KG

A recommissioning after a decommission duration out of warranty/guarantee of les s than 6
months must only be carried out by specialists that were trained by Diener electronic GmbH &
Co. KGand whose training is documented in writing. Training must not be more than 2 years
ago. In doing so, it must be determined and approved that the system can be operated in a
safe and functional manner. The operator can recommission the system with the exclusion of
any liability on part of Diener electronic GmbH & Co. KG

Please observe our instructions in the chapter "Correct and proper use- Decommissioning the
system" and "Training and instruction of the operator's personnel”

CAUTION

Depending on the duration of decommissioning, repeated inspections are mandatory prior to
recommissioning.

Please contact us so that the correct procedure can be oordinated.

This is the only way to ensure that a safe recommissioning is possible.
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/ EQUIPPING

/.1 Safety instructions for equipping

"Correct and proper use"

"General safety and accident prevention information”

"General description”

"Technical data", "Approved processes, gases and substances"

"Training and instruction of the operator's personnel”

Anitial siting, commissioning, transport, siting, decommissioning, dismantling"

DANGER

Work being performed by unauthorised persons without adequate knowledge may entail
grievous injury and/or considerable damage to the system and its components!

/.2 Overview of equipping processes
9 Introduction of work pieces into the chamb er, e.g. directly on the RIE electrode, on work piece
carriers, rotary drum, etc.

1 Supplementing process substances - exchanging gas bottle for gas supply, pump flushing, etc.

 Fill, mount, and remove monomer vessel
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/.3 Equipping/ Introducing work pieces

Details on work piece and work piece carrier requirements can be found in the chapter
"General description/ General requirements for the work pieces and work piece carriers"

Details on the installation site and the ambient conditions can be found in the ch apters
"Correct and proper use", "Technical data", and "Transport/ siting".

1. Initial Situation/ Requirements

1 The correct program has been called in the PRS, all parameters have been set correctly,
and the previous prog ram has ended .
the system is in standby mode (main switch to "ON" + "PRS ON - Main Screen")

1 The chamber and its equipment have cooled down sufficiently for safe working

1 The test chamber is clean

2. Procedere
1 Introduce new work piece(s)

1 Close chamber door, make sure that the door connects tightly with the chamber and the
chamber door switch has been pressed.

CAUTION
Make sure that the work pieces are not in contact with the chamber wall!

CAUTION
Work piece carriers and work pieces may be hot

The product and functions may require sharp edges, so be careful when handling and
working with the system.
There is a danger of cutting injury!

Wear protective gloved
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/.4 Connecting/ exchanging gas hottles (informative)

X Details on the approved gases/ S ubstances can be found in the chapters "Training data/
Process development - Approved gases/ gas mixtures" and "Commissioning/ Connecting
the process and flushing gases".

1. Initial situation/ Requirements

1 Before exchang ing or detaching the gas bottles/ connections, the gas system must first be
flushed via the PRS

1 The system has been switched OFF
switching OFF the system closes the supply line on the system side

1 A gas bottle has been provided and secured against falling  over

1 Only instructed personnel familiar with TRGS 407may exchange and connect gas bottles to
the system !

CAUTION
The gases/ substances used may be dangerous

Not the safety data sheets, and wear the requisite personal protective equipment

Determi ning the supply time/ contents of the gas bottle

The contents of a gas bottle can be determined on a scale. Here, we recommend weighing without
installed pressure regulator, depending on the precision you need.

As a rule, the net weight is specified on the gas bottle. The difference equals the weight of the gas.

The known consumption values can then be used to calculate whether the gas contents are adequate for
the process and how many processes can be run.
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Procedure for disconnecting a gas bottle

1. 1 Connect the pressure regulator to the gas bottle

2. 1 Close the gas bottle

The hose between the system and the pressure regulator contains residual gas under the
(supply) pressure set originally. As a rule, the supply pressure s less than 1 bar.

if the pressure regulator allows this, the residual gas or the residual pressure can be
discharged through the opening valve to the outside.

If hazardous gases are used, wuitable precautions must be taken for protection
against/ wo rking safely with discharging gas, and the requisite personal
protective equipment must be worn!

The pressure regulator is that provided or Urescribed for the gas used (see the gas suppliers
specifications, technical rules, etc, )

Pressure gauge Bottle Supply pressure gauge

Bottle connection ProControl Opening valve

Hose connection to system

Supply pressure regulator

Figure 30: Example connections on a pressure regulator

3. 1 Detach the hose from the system at the pressure regulator

4, 1 Detach the pressure regulator on the gas bottle, and draw it out of the gas bottle's
connection

CAUTION
Left hand thread on both the bottle and the hose connection!

NEVER
Use a pipe wrench or other unsuitable tools!
There is a danger of damagé

Always use a suitable, matching open ended spanner when connecting the hose!
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5. 9 Screw the cover on the connection

6. 1 Place the protective cap on the gas bottle, and secure it with a clamp!

CAUTION

Danger of damage!

Gas bottle may never be transported or stored without a protective cap and cover on
their pressure regulating connection.

7. i Storage

The gas bottles must be stored outside of the building and protected against damage and
tipping, e.g. in suitable containers/ frames.
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Connecting the gas line to the system and pressure regulator

The gas connections in the sys tem are fitted as standard with 6mm Swagelok's (further details can be
found at www.swagelok.com)

Depending on its properties , the gas is supplied from the pressure regulator to the system via
1 A suitable PU hose for safe gases, e.g. N2, O2, inert gases, CF 4, etc.

Or

1 High grade steel pipes, e.g. for corrosive gases including H2, NF3, NH3, etc.

1 Consult your gas supplier if you are using special gases.

1 Please also contact your contact for occupational safety on the piping used at your company.

Always checkthe type and material of the supply line prescribed for the gas used!
Connections of brass and high grade steel may not be mixed!

The gas supply lines must be routed in such a manner that they cannot be damaged crushed
or torn off!

The lengths and routings may not give rise to tripping hazards!!

DANGER
The gas connections may never be confused!

Before executing/ calling a process in the control/ PRS, Check that the gas has been connecte
to the correct site!
There is a risk of malfunction, damage, environmental pollution, and possibly grievous injury!

Make sure that all connections are secured correctly and are tight!

The gas connections assignments and the material prescribed for the gas supply line can
be found in the chapter "Technical data/ Proces s development - Approved gases/ gas
mixtures"
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Connecting PU lines

When the Swagelok system is used, both ends of the hose must be fitted with
1 Cap Nut

1 Locking rings and

1 Supporting sleeve

montiert werden.

6mm Swagelok connectors require a PU hose with an  outer diameter of 6mm and an internal diameter
of 4mm

Cap Nut
Supporting sleeve

The supporting sleeves must always
to be inserted over their whole

length!
Locking ring Locking ring

Figure 31: Segence for fitting  the PU hose

On the system side, the hose with fitted supported sleeve is pushed completely over the nipple in the
female conne ctor, the locking rings fitted, and the cap nut screwed on tightly.

Nipple

Figure 32: System side connections
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The other end of the hose is screwed on the pressure regulator with supporting sleeve and locking ring

Figure 33: Connecting to the pressure regulator

In general, the hose must be screwed firmly with feeling so that it is not crushed too heavily!
Otherwise, the hose may crack and leak!

Connecting gas supply lines of high grade steel

A gas supply line of high grade steel must fit precisely and tightly on the systems' connection and on the
pressure regulator .
Its routing and fitting must also protect it against damage from mechanical loads, etc.

Please direct andy questions about connect ing high grade steel lines to the services of Diener electronic
GmbH & Co. KG
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Connecting the gas regulator to the gas bottle
Using the correct gas regulator

Special pressure regulators are prescribed that vary with the gas used. The gas supplier will pr ovide you
with details on the right choice of pressure regulator and how to handle it.

Example pressure regulators

1 Standard pressure regulators/ reducers
for oxygen, fammable gases (e.g. hydrogen) and inert gases ( e.g argon)

O2-pressure regulator Ar-pressure regulator H2-pressure regulator

Figure 34: Pressure regulator

1 Special pressure reducer for special gases

CO-pressure regulator NH3 -regulator

Figure 35: example special pressure regul  ators
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Connecting the pressure regulator

Please observe our instructions in the chapter "Equipping/ Procedure for
disconnecting a gas bottle"!

1. Screw the gas hose to the corresponding threaded connection on the gas pressure regulator
(see the chapter "Equipping/ Connecting the gas line to the system and pressure regulator")

2. Insert the pressure regulator's tip into the gas bottle's valve, screw on the cap nut by hand, and
tighten carefully with an open ended spann er..
CAUTION

Left hand Thread!

If hexagon nut has not been fitted, a special spanner for gas regulators may have to be used
depending on the design !

NEEVER
Use a pipe wrench, etc.!

Figure 36: Example of a special spanner f  or gas regulators
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Pressurisation and leakage test

1. After fitting the gas line and the pressure regulator to the gas bottle, open the bottle valve.
2. Leakage test on the gas bottle connection
Figure 37: Leak detection
Leaks may be detected at the screw unions
1 Audibly in the form of hissing gas discharge
1 Visually in the form of bubbling leak detection spray.
When hazardous gases are involved, the leak detection must be performed witha
visible spray or, if available, a gas meter!
leakage test with a leak detection spray
To check for leaks at the screw unions, apply the leak detection spray to all connecting sites.
Apply only a moderate quantity of leak detection spray that facilitate s detection, but does not
cause heavy contamination.
If the applied spray starts bubbling, the affected site is not gas tight .
In this event, close the gas bottle, and make sure that all connections are tightened well.
3. Leakage test in the gas supply | ine's connection to the system and to the pressure regulator

If the connection is tight at the gas bottle, the gas regulator is turned up to the specified setting
value.

Conduct the leakage test in the gas line to the pressure regulator as described under 2.

CAUTION

The values specified for the supply pressure must be observed and may not be
exceeded!

A higher or too high a supply pressure may damage the mass flow controller!
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4. Leakage test on the gas system

The leakage test on the system's gas assembly takes the form of leakage measurements.

When hazardous gases are used, the leakage rate must be low, i.e. safe!
Hazardous gases may not escape into the environment!

If there is inadequate tightness, shut downt he system, and consult the services of Diener
electronic GmbH & Co. KG
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8 OPERATING/ CONTROL PRS

8.1 Safety instructions for operating the system

Before commencing work, observe our specifica tions and instructions in the chapters

f
1
1
f
f
1
1
f

"Correct and proper use"

" General Safety and accident prevention information 3
"General Description”

"Technical data"

"Training and instruction of the operator's personnel”
"Commissioning/ transport/ siting"

"Equippi ng"

Safety data sheets

Operating the system and its components requires specialised knowhow. Therefore, all work
may be performed only by expert personnel who have been instructed

DANGER

Work being performed by unauthorised person's without adequate knowledge may entail
grievous injury and/or considerable damage to the system and its components.

DANGER

Hazards and grievous injury are the consequences on failing to observe the danger and safety
information in the chapters of this operating and maintenance manual and in the component
manufacturers' documentation.
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Programming/ Creating/ Changing processes and set tings - General definitions

DANGER

Programming and creating processes and defining and configuration process parameters
require a high level of expertise with respect to the gases used, the materials, and the
permitted environmental and process parameters!

Inadequate of lack of expertise may have serious consequences involving grievous, potentially
fatal injury.

For this reason, this work may be performed only be those persons who have and can verify
adequate expertise, are sufficiently practised in handling the system and its programs, and
have been instructed by Diener in writing!

This instruction must be repeated at least every two years.

Safe state of the system

Before commencing production (auto mode), you must make sure that the system has been
equipped correctly ( see chapter "Equipping), and the system and its components are in a saft
and perfect working order.

All safety and protective equipment must have been fitted, must be fully functional, and may
never be bypassed or rendered inoperable.
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8.2 Operation

The system operates fully automatically, i.e. it does not require constant control or observation. No
changes need be made in auto mode.

The operator's work station is at the system's operating console (see also chapter "General description/
work stations").

The system is controlled via the screen.
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Ubersicht Ablauf Einschalten / Betrieb/ Bedienung

+ [nitial Situation
- Mains plug is insertad

+ There is voltage
- Tothe connection terminals of the main switch
+ There is no voltage in the system from the main
switch
- Mo PCor screen function

* PC and screen Function
- PCand screen power up
- Main screen F2 appears

* Main screen F2
- Current system statuses will be displayed

Password hierachy

The access authorizations to the functions of the control sys-
tem are allocated by Diener electronic GmbH & Co KG as part
of the induction training.

Also see the “Training and induction”™ chapter.

N Legin

"l Password

) Function Permitted for:
Selecting
Log OFF! nperatini 1. Mode "Manuel” Service Fa. Diener
all functions electronic GmbH &

Manual
Mode

Settings

Automatic
Mode

DIENER ELECTRONIC | MANUAL Tetra v1.0

Co.KG

1.1 | Mode "Manuesl"
enabled functions

FK Betreiber

2. Mode "Automatic”
Creating and modifying
processes and system
parameters within the
set limit values

FK Betreiber

3. Modus "Automatic”
Starting a process,/program
which has been invoked
Simple fault acknowledge-
ment, restart

Eingewiesener
Bediener
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F3 program
Select program

System is fully setup
(see chapter "Setup”) | o

Anlage ist ausgeschaltet;
OFF ein 5tarten der Anlage ist verhindert

.| Control system checks
" |the state of the system

Indicator lamp lights up red

* Display on the screen

* Program cannot be
started

* Error must be remedied

Start pro-

Manual rectification of .
gram switch

Brror, e.g.
‘ * Close chamber door [
*  Unlock Emergency
Stop

Query
Start pro-
gram?

Dialogue-based rectifi-
cation of error, £.8.
prompt lg—
* 5tart the warm-up
program
* otc.

Comment
Entry of batch and cperator
[Available if requested by the cus-
tomer, otherwise this step is not
available)
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Process steps

= The system is now in automatic operating
mode

* Process / program will be carried out

* Process / program will be ended das sched-
uled
*  The system is now in
Stand-By Mode
= System is in a safe state, i.e,.
o Mo gases in the plasma chamber or inthe
systems

o safely valyes are closed

o the plasma chamber has been vented

o ienerator j5 switched off

o Pump has been switched off
o etc.

& |pad the system with good again
* Switch program start —* process / pro-
eramm will be carried out

Indicator lamp lights up green

There are five process steps for all systems, irrepsectively of their control type:

1- Pumping off Chamber is evacuated to the set negative pressure

2. Gas stabilisation time Gas is introduced until the pressure has stabilised

3. Process time The generator is switched ON for the set time

4. Flushing time Pump runs, and flushing gas(e.g. air) flow in.
Any process gases harmful to health are flushed out of the chamber
The flushing time can be set to a range of values

5. Ventilation Chamber i s again filled with indoor air so that the door can be openend.

Ventilation uses only atmospheric air, so that pressure cannot build up

in the chamber
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8.3 System control / Plasma-Reactor-Control (PRS)

The complete documentation on how to control your TETRAtype plasma system with the
serial number 123168 can be found attached to this operating manual
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8.4 Switching OFF the system

Procedure

1 Exit the software (for 153PCAnlagen or Windows lot systems only)

1 Shutdownwindows ( f or JABlaenPBr@Vindows lot systems only)

1 Set the main switch to "OFF", and secure this with a lock against inadvertent reactivation.
Other units, e.g. the pump, need to be switched OFF.

If the system is to remain switched OFF for an extended period, note our instructions the ch apter
"Decommissioning the system 3.
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9 TROUBLESHOOTING/ INSPECTION/ CLEANING AND MAINTENANCE/
REPAIR

9.1 Safety instructions for troubleshooting/ inspection/ cleaning/
maintenance/ repair

N Before commencing work, observe our specifications and in  structions in the chapters

1 "Correct and proper use 3
1 "General safety and accident prevention information 3

1 "General description”

1 "Technical data"

9 " Training and instruction of the operator's personnel”

1 "Commissioning 3

1 "Operation"

And the provided

1 Operating and maintenance manual of the component manufacturers
1 Plans and diagrams and

I Safety data sheets.

Special knowhow is required for troubleshooting, inspection, cleaning , maintenance, and
repair work on the system and its components. Therefore, all work may be performed
only by expert personnel who have been instructed.

DANGER
Work being performed by unauthorised persons without adequate knowledge may entail
grievous injury and/ or considerable damage to the system and its components!

DANGER

Hazards and grievous injury are the consequence on failing to observe the danger and safety
information in the chapters of this operating and maintenance manual and in the component
manufacturers' documentation !

Repair work

Repair work may be performed only by personnel of. Diener electronic GmbH & Co. K&r
following consultation, only by the manufacturer of the component or other specialised
companies released in writing by Diener electronic GmbH & Co. KG
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Safe state of the system

Before the commencement of troubleshooting, inspection, cleaning, maintenance, and repair
work, it must be verified

1 That the system andits components are in a safe state and perfect working condition
Or, if there are malfunctions, defects, etc.
1 What kind of malfunctions, defects, etc. there are, and

1 What safety and accident prevention measures must be implemented before the start of
the work and how the work can be performed without prejudice to functionality or safety.

Before all troubleshooting, inspection, cleaning, maintenance, and repair work, the system
must first have been switched OFF at the mainswitch (set to OFF) or, ilhecessary must first be
in standby mode.

Depending on the assignment, the main switch in the control cabinet must be set to OFF or the
system discomected from the power supply.

CAUTION
There may be hot sites on the systerh
Before commencing work, leave the system to cool dowh

Hazards/ Access and supervised stay in the danger zones

Under certain circumstances, the working sites may not be fully vi  sible from the operating console. Also
persons may be working at these sites that are not visible.

A second person must always be assigned to supervise that stay of persons in the danger zone
Keep the system cabinet door closed and locked!
Open the system cabinet only when this is absolutely necessary for the assignment!

Only instructed specialised electricians may work in the system cabinet when it is switched ON

CAUTION! DANGER OF DEATH
If the main switch is at ON, there is voltage across the syem parts!

Work on high places

Use suitable ladders and scaffolding for work on high places!

DANGER
NEVER climb on system parts
There is a risk of damage and grievous injuryl
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Concluding the work

To conclude the work, the responsible expert perennel must examine and verify that the work
has been performed correctly and the system can be operated without prejudice to safety or

functionality

Please observe our instructions in the chapter "Checks after concluded troubleshooting,
inspection, cleaning, maintenance, and repair work"!

Wear and spare parts, materials, and auxiliaries

Use only the wear and spare parts and auxiliaries released by Diener electronic GmbH &
Co. KG e.g. seals, seal cleaning agents, filters, pump oils, lubricants, etc.! A

CAUTION
The use of unsuitable war and spare parts and auxiliaries may cause serious damage to the

system, malfunctions, and possibly grievous injury!

Reporting of safety related incidents and events

Please observe our instructions in the chapters "Co rrect and proper use"!

Safety related incidents and events must be reported immediately to. Diener electronic GmbH &
Co. KG
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9.2 Incidents and troubleshooting/ Fault messages

The system's control/ PRS displays fault, and operating messages (sedso the chapter
"General description/ Operating statuses/ modes")

The fault must be remedied immediately fault/ incident messages appear. Bear in mind that
locating (Inspection) and eliminating faults may be performed only when the system is in a safe
sate if there is to be no danger.

Only a portion of the possible faults can be detected by the diagnosis system in the PRS, so it i
important that the system's components are always inspected at regular intervals in the form
of a visual examination and, in some cases, the removal ofindividual components.

The fault messages are described in the chapter "Operation/ control - Description of the
fault messages".

The reference settings are stored in the PRS and can be found in the chapter "Technical
data", the do cuments provided by the component manufacturers, the control/ PRS
displays, and the information affixed directly to the components.

Before all troubleshooting, cleaning, maintenance, and repair work, the system must be
disconnected from the electricity supply and secured against reactivation!
(See the chapter "Maintenance/ safe state of the system".)

DANGER
Only instructed expert personnel or specialised electricians may perform troubleshooting work.

At the same time, it must be ensured that the troubleshooting work can be performed without
prejudice to safety or functionality.

In case of doubt, please consult the services oDiener electronic GmbH & Co. KG

Details on troubleshooting can be found in the chapter "Operating/ control - Operating
and fault messages/ troubleshooting”, in this chapter and under "Inspection and
maintenance plan - Overview", and in the documentation provided by the component
manufacturers.
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