Basics & Design for Ultra Clean Vacuum

Why use vacuum?

+ Generate force
— Sucking cup
— Clamping

+ Prevent heat conduction/convection
— Thermos

+ Eweporate metals
— Coating
+  Avoid contamination
— Lossofreflection of mirrors (EUV)
— Contaminating samples (TEM/SEM)
+  Ayvoid absorption of energy
- EUW
— Electron-/ lon beams / X-rays

thermal wvelocity

0.2—1 mbar
Vacuum: specification

10— 10" mbar
Vacuum: system
reguirement

[na P

Molecular flow

Incoming molecule with

Hybrid Molecular Pump Siegbahn principle
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pox = gasflow from atmnenhara
VACUUM

‘Normal’ & virtual leaks
Normal leaks: direct gasflow between

atmosphere and vacuum

Virtual leak: trapped volume; no direct

R

[mEE—

Examples of spectra 2
T Residual gas spectra of a non-baked vacuum system |==
' Pmin = @/ Sesr
T4 i i i
‘wet system @ py ~ 105 Pa ‘wet system @ py ~ 10% Pa
directly after start of pump down after prolonged pump down
R i Sources of gas:
2 o Qazsarption
O-ring seal Q .
O Ldpermeation
I s o Quirtleak
Why here? §
o Qiean
leakage:

2 vameriestgmogema.n

o Qieak = Pmind Ser

- Ultimate pressure (U)HV system

Q (mbarltr | sec)

Sarrlltrisec)

Permeation

ne

Example: Mechatronic system
Closed loop Piezostepper

Optical ruler
Piezo

Capacity sensor

Kapton/PTFE Cables

Courtesy of ASME.
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De=sorption / pdeorptie

Diffusio n'f%

Baal

Temperature |
Virtual leak

Leakage

e

N

Exercise 1, question

A Load-Lock is connected to a Main Vacuum Chamber.
2valves with diaiy =40 cmand a flange thickness =30 mm are in contact
The enclosed gas volume @ 10° Pa in between the 2 valves expands
into the main chamber

walves:

Main Chamber
4.0m*

.om
Load-Lock p:=10%Pa
0.05 m?

p:= 10%Pa

10°Pa
walve.

‘What is the pressure inthe main chamber
after openingthe indicatedvalve?
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Mechatronics Training Curriculum

4 )
4 N ) 4 h Workshop Mechatronics System Design R
Premium On request
Advanced Advanced Passive Master_class
Motion Feedforward & Damping for D_esllgn )
———————— Control Learning High Tech Principles ~
Control Systems
ontro g Advanced Mechatronic System Design
Advanced 5 days 3 days 3 days On request
6 days
________ N/ VAN AN J J
@ Motion Dynamics and Design Basics and Experimental Metrology & Actuation and Machine Thermal
Control Modelling Principles for Design for Techniques in Calibration of Power Vision for Effects in
Standard Tuning Precision Eng. Ultra Clean Mechatronics Mechatronic Electronics Mechatronic Mechatronic
Vacuum Systems Systems Systems
5 days 3 days 5 days 4 days 3 days 3 days 2 days 3 days
\_ y y \_ y y y y y y Y,
________ s B
Mechatronics System Design — part 2
5 days
. . J
Basic - N
Mechatronics System Design — part 1
5 days
——————— A\ J
—_— N Relevant partner trainings:
St t Applied Optics, Electronics for non-
ar electrical engineers, System Architecture,
Soft skills for technology professionals,
mechatronics Jams
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Mechatronics Academy

@ In the past, many trainings were developed within Philips to train own
staff, but the training center CTT stopped.

@ Mechatronics Academy B.V. has been setup to provide continuity of
the existing trainings and develop new trainings in the field of precision
mechatronics. It is founded and run by:

@ Prof. Maarten Steinbuch
3 Prof. Jan van Eijk
@ Dr. Adrian Rankers

@ We cooperate in the High Tech Institute consortium that provides
sales, marketing and back office functions.
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1
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Topic

09.00
12.30
13.30
17.00

09.00
12.30
13.30
17.00

09.00
12.30
13.30
17.00

09.00
12.30
13.30
17.00

Fundamentals / Flow of gases

Lunch

Total & Partial Pressure

End of day

Pumps / Applied RGA

Lunch

Leak Tightness (Theory & Practice)

End of day

Engineering Aspects

Lunch

Mechatronic Aspects

End of day

Design for Qualification

Lunch

Vacuum Budgetting

End of day

Program

Presenter

Gesa Welker

Dick van Langeveld

David Schijve + Dick van Langeveld

David Schijve

Dick van Langeveld

Mark Meuwese

Thom Bijsterbosch / Sven Pekelder

Sven Pekelder + Mark Meuwese
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Day 1 (morning)

Sources of gases to take care of Air is a mixture of gases The mean free path, A, of molecules 3
Transport properties of agas depend onthe length of A as relatedto the
characteristic dimensions ofthe part through which the gas flows.
This ratio is known as the Knudsen number, Kn = Ald
= °'Pr“_=:r 9;& L] 78.08 n|trogen N‘ 28 One can discriminate differentregimes:
contaminants 20.95 oxygen 02 32 Kn =<1 : high’ p, high density, viscous flaw
00.93 argon Ar 40 Kn==1:‘low' p, low density (diluted gases), molecularflow
3.3x10°  carbon
dioxide CO; 44 =
5 Consequence: i e
1.8x10 neon Me 20 Lo
= " = We needto use different physical v 20N . Below
5.0«10%  helium He 4 models to describe the flow of % Mmaagtiara
1.0x10*  krypton Kr 84 gasesinthe differentregimes. . v @
5.0x10% hydrogen Ha 2 =
Determined in the design phase (materials selection), ? e L g
. Short Mean Free Path Mean Free Path
Key-role: storage and assembly. \ What more could be there?? ] (Aamaspheric Pressure) mpmm
’.; ’.-, ’.;
T —— Smics & Dmige Mrsin foe Ui Sl Vasam - Ronfame-tia NiewaC P T —— Sacs & Do Mesin freUte o Vasam - ftameia NiewaC T wmstamei demtzmy s Sacs & Do Mesin freUte o Vasam - ftameia Nl ==
Exercise 1, question A few basic things about sorption Condensation
A Load-Lock is connected to a Main Vacuum Chamber. Number of coliding molecules N. on a surface A 4
2 valves with diai,: =40 cmand a flange thickness = 30 mm are in contact ANIAt = 0.25x(NIV) AV . [
o
The enclosgd gas volume @ 10° Pa in between the 2 valves expands Agas molecule loses i original impulse \\ .
into the main chamber and temperature upon contact with the
surface ofasolid and adopts the cohesion
valven: temperature ofthe surface ‘instantaneoushy’. cohesion
M Chamb f .cohesion
ain a[n er gg o) + cohesion &adhesion
Load-Lock Pz :ITDHZ‘BPE &l i‘a% 1, adhesion
05 m* & = ,‘ivi L When desorbing, the molecule : cohesion
= 1i0°Pa !§9|§ & ‘F| preferentially leaves the surface
e 1 al
- | %ﬁl E perpendicularto it.
ThEne k\__'l | Condensationonly occurs at sufficiently lowT, when
valve, - the cohesion betweenthe layersis stronger than the themmal energy
What is the pressure inthe main chamber oo
after opening the indicatedvalve? Samngle RO
[ )
[IE] = wtamrics sty 2oim S e e e e - e N (e T ra——— P Nl = i Rty e S e o e Vs - et [
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Day 1 (afternoon)

Flow of gases

Flow of gas through a system

proces
chamber

Qn

Back. pumpr— (), 5

Q= 0y =0z = 0y = Qg

Q= ps\ite Nit (Pamfs)

Y

Summary conductances

Cor [MPIs] @300K  Cy, [M*Is] @300K

Opening 1174 =
Aperture 2
(circular) 9zd -
Long cylindrical d? d*
T 1235 13311055 Whers:
E7%] s A surface Area (m)
N a‘h a‘b® _ d: diameter (m)
Rec be 737 pyid 192 10°=——pf I length (m)

a: short side rectangle (m)
b: long side rectangle (m)
f: shape factor 1
g: shape factor2
p: average pressure (Pa)

for laminar flow, the conductance is
& function of the average pressure in the tube
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Vacuum regimes Piezoelectric pressure gauge Examples of spectra 2
. B Working principle: Residual gas spectra of a non-baked vacuum system
All calculations standard in Sl units: Si-membrane deforms dueto pressure differences; g p y
1 atm =760 Torr= 760 mm Hg = 1000 mbar = 105 Pa mﬁ;ﬂ: :nse';";frgdiﬁ?%ﬂ:ﬁ;ﬁﬁﬁ:mmt“e'r resistance; .
i process pressure piezo resistors
1 1 10 10+ 104 ) 10e
rough vacuum
fing vacuum 1]
high vacuum 1’ , " - (LI .
. 1 1 1
ultra high vacuum
EHY !
10 10 10 10 LI When Vo = Ve - ‘wet' system @ pu ~ 10°Pa ‘wet' system @ pue ~ 10° Pa
density gauges directly after start of pump down after prolonged pump down
force gauges Fafle = Ruffar o eaks @ Mig: 18, 17 & 238 edks @ Mig: 28, 2, 18 & 44
Re = ReRafRe »5 PR " R " e
Range: 10° - 1 mbar
(independent of barometer reading)
) ) )
!I,E I mtarmein Afomysy. Sewe & Smge Mesdm e Cloen Ve (] s Wameesmenl m ] & baimeicn atomys, i & S e ol G Vamas: (i) s Mot m’ |IE| I starmeim Awtomysy. Sewe & Smge Mesdm frulte o Ve (et o Wamsesmenl m a3
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Day 2 (morning)

VACUUN PLWS
GAS TRANSFER VACUUM PUNFS
[POSITIVE DiSPLACEMENT vACUUM PUNPS

| IONETIC VACUUM PUNPS

Retary

hLLn pUmD

Onx corpeesscs
Yy | Tutomeleoss
vacuum puTe
= MU vane wacuus pure Hytris molecul
vacuLm pump

[ Cow vacusm purp

Screw vacuum pum
I~ Sooh vaoum pure

Roots vesum pump

Overview Vacuumpumps

ENTRAPMENT VACUUM

1 Lot ot v pumo oA

Recgeotoy Mecrancal Faa
portve veousm purre vt eunrment
Saciacerrent . . Voo pome
e Lt e moum sy |- Moo g
cam o
- Diagragn b~ Liaua g vecuasm pure - Steam asactor vosiam puro [
veoam puno Gaede
S Rotary vive vaouum pump | Holweck |- Gan ot wacnam pump
» Romary Segem

b Veapor jt wacum pump
| Booater vacusm pume

Types of compression

Isothermal compression:

Heat of compression is dissipated by the pump and its

pumpmedium.

Tgasin = Tgasout 50: p1r ¥ Vi = pzx Vz (Boyle's law)

With py = 10 mbar, Vi = 100 cm?® and Vz = 1 cm? it follg
pz = 1000 m

Adiabatic compression:
.| Heat of compression is fully transferred to the gas.
Tgas out > Tgasin SO: p1 X {V1)1A= pz X {V2)L'4

With py = 10 mbar, V; = 100 cm?® and Vz = 1 cm? it follg
. pz = 6309 n

Molecular flow

Incoming molecule with

thermal wvelocity

[E = me st

Smim & Omige Memidim foelive Cloa Vaam - Moz Vs el

. oo & Doge Meoda for Uit Cloe vaows - tydmarkon s Sadtng Ry

Multistage Diaphragm Pump

MD8,
3-stages, 8 cylinders

MV2,
4-stages, 4 cylinders

Hybrid Molecular Pump Siegbahn principle

.i El 2o v

NeC

o & Dags Meoda feeUte o Vasam - Vol Vasam Ama

N?;/K 13

toic & Dags Meoga forlite Clos Veowm - Mlmartion frox Zacong Aome

Summary turbomolecular pump

A TMP needs always a backing pump
Critical backing pressure of 10 Pa (107! mbar)
Compression ratio increases with increasing molecular mass

As long as the oil- or grease lubricated TMP is in operation:
no backstreaming of hydrocarbons

If an oil- or grease lubricated TMP is not in operation:
TMP should always be vented

mechatronics
academy
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Day 2 (afternoon)

Pmin = Qf Se

Sources of gas:
o Q-:EECITFI[iCIF

= Qparrraati:ur

o Wyt jeak

o ek

leakage:
o Qieak = Pmind Set

Permeation

Q) {mbarltr | sec)
Sarlltrisec)

Ultimate pressure (U)HV system

Why?

o Industry:

Deso retion / fdiorptie

Example:

ey =\ Ap/ At
Diffusionesfe =02 Itr*
' Temperaturg
Yirtual leak
s [IE] & westatmsics seatzmyny

o R&D: (UHV systems

Gascilinder Airbag need 10 yrs operat
Qualification: pressure-drop less <04

500 /10%365%24%3.6
=3.2"107 mbar Itr/ sec

Leaktesting

Lowest possible pressure |

Quality certification |

- (high)vacuumsystems

- analysing the gascomposition
devided by molecular mass

- measuring partial pressures

- possibly leaktesting:
-peakforN2 and 02 at4:1
- use heliumpeak

mmim i Tmge s e

q"; Leakage
o

s p——

Residual Gas Analysis

=i & oage mredn ey O e - ssmaey

Leaktesting methods

- Pressure-rise test
- Simple, direct, no location
- Soap or foam
- overpressure, location, low sensitivity
- Alcohol/acetone/helium/argon with pirani
- underpressure, location, low sensitivity
- Overpressure test, specific gas
- overpressure, location, medium sensitivity
- Helium leaktesting
- underpressure, location very high sensitivity
- Resdual Gas Analysis
- highvacuum, gas spectrum, very high sensitivity

[ [ pa———

10 mbarlis

1072 mbarlfs

107 mbarlis

109 mbarlfs

10" mbarl/s

10" mbarl/s

‘Normal’ & virtual leaks

Normal leaks: direct gasflow between

ﬂ atmosphere and vacuum
Virtual leak: trapped volume; no direct
gasflow from atmnenbhara
VACUUM
L~
r i e
.=

Leak calculation
Leaks generate gasflow Q:

Round hole:
- Assume maolecular orlaminar flow
- C=1234d3L
- Haird=0,05mm
- Wall thickness 5 mm

Conot, =i = 123.(65-5)° /55-3 =3.15-9 m¥s
Ciam, = = 1340.(100.000/2).(55-5)* /5E-3 =B.4E-§

mechatronics
L=

brainport

academy

Qo zir = Cair - Ap=3.15-9 184 = 3154 Pam?/sec = 3.15-3 mbarl's
T Qizrm, 2ir = 8.45-2 mbarls
’.> ’-, - "/
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Day 3 (morning)

Why use vacuum?

+ Generate force

— Sucking cup
— Clamping 0.2—1 mbar

+  Prevent heat conduction/convection Vacuum: specifig
— Thermos

+ Eweporate metals
— Coating
+  Avoid contamination
— Lossofreflection of mirrors (EUV)
— Contaminating samples (TEM/SEM)
+  Ayvoid absorption of energy
- EUW
— Electron-/ lon beams / X-rays

10— 107" mbar
Vacuum: system
reguirement

[IE] = et femtzmy e Smica & Soge e forlite Sloe Vacwm - S-grosieg ool

Pumping speed

+  What will be the effective pumping speed atthe entrance oft
chamber?

+ What will be the end pressure, when Q=107 mbar.Lis
+  What will be the pump-down time to reach 10~ mbar?

Vacuum chamber
Stainless Steel

1m*

Pipe 50, I=500mm

[UE] = westarmrim sentzmym. Smim & Dmge memsiom fzeliin Cloes Vazom - Sepecmeegmmesn

[E] & woesbarmric sentzmy Samicy & Do Meosin foruite Cloes Vasam - Segecieg ses

[UE] & westmemmic scademy 2.

Theoretical pump down curve

Pressure
(Torr)
10°
10 Voluimne ~ expi-1)
10t
10 | Outgassing ~ 1

10%

107 . Diffusion ~ r'?

10® —— Penmeation
1o+ 1 b -.-I""\

1008 1 . %,

7T, T T, T T, TWT, T T T
Time (s)

fma i Jag medalirdie O vesa T - pree as

2.vamriest@mogama.ni
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]
Gasloads :
O-ring seal Cleaning procedures, removing oil & grease
1 Leake s with water & soap
. -ring
;: ET;LIIEITTE:SKS Why here? § 1 mbar 1.10-% mbar
2. Desorption/Outgassing l
3. Diffusion washing machine ultrasonic
4. Permeation with soap with soap
5. Evaporation
6. Back streaming pump Precleaning with tap water

¥ |
Cleaning step -
— :

neutralize

rinse with Semi-water
!
Dry

Bake out @ 120 - 200°C in wacuum

[LE] = westanmrics semsemy ez, Smim & Smig Mecdo fr Ui Cloan Vasaem - tegncsieg oo

l:ll’:ln.
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Day 3 (afternoon)

Feedthroughs

- Electrical feedthrough

- Mechanical feedthrough

- Fluid feedthrough

Srom: Priios agpies Rsvoegs

P P S SRV P —

[IE] = waameics semtomyes

Differential pumped airbearing

EUV o-tool Reticle Stage Long Stroke

End pressure
2 diff vacuum level
1 diff vacuum level
Exhaust atm
Airbearing pressure

Coutesy oAz
8om s appies eesiozies

[E] = v satmy . s & S M o Gl e - M e = e St

Example: Mechatronic system
Closed loop Piezostepper

Optical ruler
Piezo

Capacity sensor
Magnets

Courtesy of ASML

Bron Prilips Appiied Technologies

[IE] = vestatmmics Acaizmy v fmim & Doge Mo do felUiie Cloen Vasam - Mochalmeicayam = 2 vaseum e men] =1

Adhesives

Glue connection,

Araldite 2011
| Pumping speed: 73 I/sec.
- ~1.2 e-BmBar
, after one hour pumping
N |ﬂ )
\” | 4 temperature: 45 °C
Bolt connection N g
e =
I =
Sy ‘[
I
a ’i
(il
Bl el Srom i Assied oz es
!E & Mchaloeics Acafomy 8. Sonca & Saee Precsi for Uit Cloas Vacam « Mchabescvlon in #vassum cewens st E

E-beam recorder

- onlySEM invacuum 0°
mbar
- airbearingvacuum interface L

- calculated smallest detail 70nm

(limited by resist] —
Translaion

-130Gbyte on cd-size disk

.
(VD 56b 10* mbar

Bearinggap10pm

Covmeryorem 10 mbar 10* mbar  10* mbar Air bearingé bar

[E] & v entomyns S & S e e Gl e - M S N e -

Example actuators I:
actuator coils

Courtesy ceasvL
870 riizs apsies mesozies

[ CYOES———— P

Electronics in vacuum Example mechanical feedthrough

* Voltage breakdown during pump
down

Broakdown Voltage vs. Pressure
0.1 inch

+ Atmospheric pressure~ 1KV/mm
* High vacuum ~ 10 KVfmm
* Insultor surface~1 KV/mm

/7N hopsing sestrons.

70 hPa=7000 N/m?*
AF = Ap.A=7000.{/4).502.10% = 14N
displacemert=14pm

pressure 1040 hPa > 970 hPa
diameter bellow 50 mm
Cosspumcer = 1 Nfum
Calculatedisplacement sample

Prossure - Torr

D SRR

] & vt ey (] = weshaieesm emtemie s s s

Example: SoCo magnets

ComespceFe
8r0m Priips Acpies nosgies

T0ARL & 0 T
SO ATATLY YR T [

P N

[E] 2 watavmcs entomyes
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Day 4 (morning)

Pu,o ®

m © Mechatronics Academy B.V.

Qualification

+ Medium RGA qualification system Philips Apptech
+ Typical application: (sub)assemblies

* Background =1% of product specification
10~ %mbar

Basics & Design Principles for Ultra Clean Vacuum - Engineering aspects

[LE] e mecharronics academy B.v. Basics & Desizn Pinciples for Uit Clean Vacuum - Enginesring aspects

Checks
+ Check 0.5 <-FRGA_ o
Pexternal
= Typical ratios
o _ g,
Qe v
o _ 1049
Qeobynv

= Compare with estimations for outgassing rates [mbar.l/s.cm?]

+ Complex feedthrough flange >
test separately > 2 additional
test parts
« stacked couplings = more
complex test-flange
finding a leak very complex
and time consuming

lﬂE]eMeo\wnnstuaemysv. Basics & Design Principles for Uitra Clean Vacuum - Engineering aspects %‘L’,&“.;‘.!.‘.w'. st
__mechatronics 5885 HIGH TECH
] academy Basics & Design for Ultra Clean Vacuum — overview gooom
- 9 QDEE"' INSTITUTE
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Day 4 (afternoon)

Overview vacuum system

+  Qualification-chamber for
materials testing

*  Loadlock for entenng and exiting
zamples

+  Sample size 30x30x30 mm max

+ Sample chamber 10-5- 107 mbar
depending on sample

*  Reqguired end pressure in loadlods
105 mbar

*  Measuring device to be kept on
10" mbar

*  (Operating temperature 20 °C

Loadiiock

[IE] = vtk aimric scaicmy s o & Toge Seoda e Sl Vs - Cac oige LSV

Main chamber

Beam diameter 0,1 mm

+  Lower chamber 10-5- 10" mbar  Beam —
- depending on gasload =ample |

*  Upper chamber, above aperture, to

be kept on 107 to protect probe

glectronics Aperture
*  Pump lower chamber 200 I/s
*  Qutgassing of probe:

. =6 ¥ 10 mbarl/z -

v Determine required pump at

Sampie transfar aperture diameterof 2 mm

[mot detailed)
*  (neglect probe attachment and

L]

pump attachment) t

Sample-chamber

[IE] = vtk aimric scaicmy s o i Soge ool Coe Vesa -

oy Scuge for U

Loadlock: O-rings

+  0-ring diameter 3.53 mm, Viton
+ Calculate permeation for one type based on following assumption:
Permeationlength is the length of the O-ring groove.

+ For other O-rings compensate for different length (all diameters
taken equal for simplicity)

[ —— O S S S——

[ME e ——

Loadlock: What determines the gasload?

Al

VAT series12 12140-PAd4

» Doesit work?

= Determine force required to
compress the O-ring

*  Would the compression be

initial pumpdown of main
chamber?

»  What would be better soluti
for the valve-construction?

@iz
|

=mic & g e e o Vasa - Com dmige fr Y

(ML T —

Inner valve

enough to limmit leakrate at

ons

Smic & Do P riite o Vesa - S daige e 5V

mechatronics
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Sign-up for this training

Via the website of our partner
High Tech Institute
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