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DISCLAIMER

Edwards, disclaim any and all liability and any warranty whatsoever relating to the accuracy,
practice, safety and results of the information, procedures or their applications described herein.
Edwards Ltd does not accept any liability for any loss or damage arising as a result of any

reliance placed on the information contained in this presentation or the information provided

being incorrect or incomplete in any respect. Note that the information contained herein is only
advisory and, while Edwards Ltd can provide guidance with respect to the potential hazards of
using hazardous gases/materials, itistheend-u s er 6 s responsibility to
assessment/hazard analysis specific to their operations and environment and to comply with
government regulations
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CONFIDENTIALITY STATEMENT

This presentation has been prepared exclusively for the benefit and use of Edwards Ltd and is confidential in all respects.
This presentation does not carry any right of publication or disclosure, in whole or in part, to any other party. This
presentation is the property of Edwards Ltd. Neither this presentation nor any of its contents may be used for any purpose
without the prior written consent of Edwards Ltd. This presentation includes certain statements, estimates, targets and
projections as to anticipated future business performance. Such statements may reflect significant assumptions and
subjective judgements by Edwards Ltd which may or may not prove to be correct. Edwards Ltd makes no representations
as to the accuracy, completeness or fairness of this presentation and so far as is permitted by law, no responsibility or
liability whatsoever is accepted by Edwards Ltd for the accuracy or sufficiency thereof or for any errors, omissions, or
misstatements relating thereto. The contents of this presentation is confidential and should not be distributed.
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OVERVIEW

With a foundation gained in vacuum physics, materials, pumps, gauges and
associated equipment we naturally seek to apply this to the development

of a new system or perhaps optimisation of a current system. This can be very
challenging as there are many issues and factors which must be considered and
addressed; each with a different oOowelil gh
projectos objectives and specifications

In this session we will discuss design considerations and system modelling
techniques which range from simple manual calculations to highly complex
computerised software.

Examples from a range of vacuum applications sectors will be used for
illustration culminating in a class exercise
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VI — Vacuum system design — practice project

CO N I E N I S = YWhat the system for? What Specification?

= [nitial consideration on vacuum system layout
= Modelling
= Conclusions (type of pumps, pumping speed of each)

1. General Considerations (~1.5 hours)

Conceptual design

Safetyisaf ety manual (s), exhaust pressure

Modelling T first principles and software. Other modelling FEA, stress etc.

System Examples

2. Practical - work groups (~45 mins)

3. Short presentations T discussion (~45 mins)

andrew.chew@uk.atlascopco.com
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SYSTEM TERMINOLOGY
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SOURCES OF GAS IN VACUUM

Leakage \ o

Permeation 1,

4

Process
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Outgassing

- Original
gas

I
AN
load Back-streaming
T 1 Back-migration
AR

Process Gas Load is the gas
added to the chamber from its
process application: if present it
is normally the dominant load;

Other sources are seen as
Ocontaminati ono

Leakage is external gas entering
the system through fabrication or
sealing defects

Back-streaming/back-
migration is the movement of
contaminants from the pump and
fore-line into the chamber

Outgassing is the gradual
release of gas from chamber
walls and surfaces (includes
surface material vapourisation)
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PUMPED CHAMBERS-SOURCES OF OFREEO GAS

Many sources of gas and vapour molecules including:

I initial venting (gas onto surfaces and in volume)

I leaks (porosity and construction defects)

I pump inefficiencies (back-streaming, back-migration, Compression Ratio)
I process effects (usually temperature related)

I materialsb vapour pressur e

I permeation

I outgassing

I trapped volumes
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THE PUMP-DOWN ORATE EQUATI ONDO

Constant [~ voumev ]

Conserving throughput volume so 1= LT () Temperature
- - dv/dt=0 — known
QA0 , ’Q_U 5 Y
Qo “qo U l

d P y Speed S

This solvesas:0 0 Q
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PUMPDOWN TIMES :

If we have a chamber pumped by a constant speed pump, the time to go from pressure 0 to 0

~

5

‘ w, . (0
0) c&—\) | <L~)—>

Rearranging for S

System time constantt = V/S this is an exponential fall where in time t =t pressure reducely x 1/e
This is also applicable when a stable equilibrium is perturbed by a an increased gas.lpaa gaburst, referencdeak, process valve
open etc.

Equilibriumrestored in 3 or 4 x
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PUMP-DOWN TIMES: EXAMPLE

What would be the pump-down time of chamber of 1 m3 from 1,000 mbar to 10 mbar using a
dry pump of 50 m3/h (assuming constant speed in this pressure range)

t = 1/50 x In (1000/10)

= 0.09 hours ~ 6 mins
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LIMITS TO FINAL PRESSURE

A Previous equation predicts the pump will achieve an ultimate pressure of P; = 0 and will
approach P; at a steady rate

A Real systems: pump speed S varies with pressure as does pipework conductance also
sources of gas act to replenish the free gas in volume V at a rate Q

A Assuming Q is constant, the equation for flow rate becomes:

SP =-V (dP/dt) + Q

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2018
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LIMITS TO FINAL PRESSURE

After rearranging and integrating with respect to time then time to pump to pressure P; from P,

B

@]

[
nli<

=]

-O:0: OOt

—h

A steady contribution of gas Q into the vacuum chamber throughout the pump-down changes the
ultimate pressure to P; = Q/Sfrom unrealistic P; = 0
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PUMPDOWN TO LOW PRESSURE
Consider a 300 | chamber pumped from 10-3 mbar to 10® mbar by a 3,000 I/s turbomolecular
pump
. o - Tt )
o ¢&——1I | —) T W
In reality it takes much, much longer!
OUTGASSING!

The effect of the volume here is negligible
< 1 s for 3 decades

Instead we simply work out when the outgassing has fallen to a level we can pump at 10 mbar
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PUMPDOWN TO LOW PRESSURE

A To calculate outgassing we need an area and a rate:

A Assume a 3 m? area

A Outgassing rate of 2-10-7 mbar.l/s/cm? at 1 hour, decreasing with po
I Q g8l hour, € =1

A Throughput balance:
0EY 08———

0 0%: 2 hours

A The time taken to get to 103 mbar is small compared to this time

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2018
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PUMPDOWN TIMES

A These formulae are a simple rough estimate

A They ignore

I Pipework
A We can handle this by calculating the net speed from a conductance calculation
A Pipework volume can be significant

I Most pumps do not have constant speed across all pressures
A We can handle this by slicing the speed curve into roughly constant sections

I Outgassing/leaks
A A constant leak is easy to manage, outgassing is much harder

Al tods al l t oo hard for a hand cal
T PumpCalc uses more complex and more accurate methods!
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OUTGASSING
Surface outgassing at time can be determined from

_ A@lhour
— o
We need to know the value of n and after what time the

system was under vacuum when the outgassing was
measured (usually after 1 or 10 hours)

Not valid fort ~ 0

Q

For most planar metallic surfacesnis ~ 1

This gives the very useful 1/t rule that the outgassing
rate will halve for every doubling of the time interval

For porous/permeable surfaces e.g. rubber, ceramic etc. n ~ 0.5 and
outgassing reduces more slowly

Surfaces with porous surface layers e.g. rusty mild steel, nis > 1

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2018

Over a limited time period, the outgassing flow rate
can be fitted to [3]:

arp - A

£
I:E]f.t

Q=

where A is a geometrical surface term, aq is the out-
gassing rate after 1 hour, o is the decay constant and
the sum is over all contributions from all surfaces. Val-
ues of the decay constant range from around 0.2 to 1.2
and give an indication of the type of material and out-
gassing mechanism.

e /& |- desorption from surfaces

o o/ |- metals, glasses and ceramics over a wide
range (1s >100h)

e 0.4 <a<0.8- polymers

e a7 (.5 - diffusion controlled outgassing from the
bulk
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OUTGASSING
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OUTGASSING RATES
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