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Residual gas

Pumping of:
Residual gas:

*Adsorption — Desorption diffusion of
Diffusion of dissolver or trapped gas desorption dissolved
‘Permeation trough materials molecules
‘Leaks

‘permeation
*leak
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Composition of atmospheric air

% by weight % by volume Partial pressure mbar
N, 75.51 78.1 792
0, 23.01 20.93 212
Ar 1.29 0.93 947
CO, 0.04 0.03 0.31
Ne 1.2-1073 1.8-1073 1.9 102
He 7-10°° 7-10° 531073
CH, 2104 2104 2:10°3
Kr 3-107 1.1-107* 1.1-107°
N,O 6-10°° 51075 5-104
H, 5-108 51075 5-104
Xe 4-10°° 8.7-10° 9-107°
0, 9-10® 7-10% 7-10°°
2100 % 2100 % 21013
50 % RH at 20 °C 1.6 1.15 1.7
Note: In the composition of atmospheric air the relative humidity (RH) is indicated separately along with the temperature.
At the given relative humidity, therefore, the air pressure read on the barometer is 1024 mbar.
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Pa mbar Torr Technical Physical
(N m2) (mm Hg at0 °C) | Atmospheres | Atmospheres
(at) (atm)
Pa
(N m=?) 1 1.0x 102 7.5x 107 1.02 x 10 9.87 x 10F
mbar
1.0 x 102 1 7.5 x 107 1.02 x 10 9.87 x 10+
Torr
(mm Hg at 0 °C) 1.33x 102 1.33 1 1.36 x 103 1.32 x 103
Technical
Atmospheres (at) § 980 x 104 | 9.80 x 102 7.36 x 102 1 9.68 x 10!
Physical
Atmospheres (atm) | 1.01 x 10° | 1.01 x 102 7.60 x 102 1.03 1

http://lvacuumtech.blogspot.com/2009/06/in-international-system-of-unit-units.html
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Sources of residual gas

Limiting factors
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Average mean free path (distance between collission)

in nitrogen residual gas
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Phases of residual gas

d = diameter of chamber

« Viscotic <A> < d/100 ==z
* Intermediate gl Le0y !’
* Molecular <A>>>d . EE SE balisicatom
Filament does not oxidise
clean surface {} Molecular flow Laminar flow
00 km & km 64 m &4 mm B4 um & nm
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High mediate
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Total pressure of residual gasses
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Time to form one molecular layer on surface

m average molecule mass
4 diameter of molecule

2xmsm=xkx*T)1/?

T
%P
15 vik 21 min 1,3 s 1,3 ms 1,3us 13 ns
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Use of High Vacuum

« Ultra High vac. UHV © ~ hour * Good High Vacuum 7 ~ min « High vacuumt ~ s

» Clean surface during + Sufficient for electron « Clean surface during
slow experiment gun process
* Atomic clean surface 0 Cllean surfacea during . Several thin film
* lon accelerators slow process
-  MBE-processes « Several thin film i g:‘i:;sslgitaﬁon
« Surface analysis processes P
« XPS, ESCA » Crystal growth
« SIMS * Electron microscopy

+ Mass spectroscopy
+ Lithography

Ultra Good High Inter- Rough
High mediate
Ultra Good High Inter- Rough
High mediate
IR N N IR T S T ) R I
-1 - - _ -
100 10®  10° 10 102 10” 10* Pa

lical

From Jyrki Malarius Total pressure of residual gasses



Critical temperatures for some residual gasses

Gas or vapor T. (O
Helium | He —268
Hydrogen H, —240
Nitrogen N, | —147
Carbon monoxide CO —140
Argon - Ar —122
Oxygen 0, —118
Methane CH, —82
Carbon dioxide CO, 31
Chlorine Cl, 144 .
Ether (C,Hy),0 195
Ethanol C,H,OH 243
Carbon tetraclor. CCl, 283
Water H,0 374

above T; no liquid

| Jari Koskinen 13



Vacuum
Vacuum Pumping

 Mechanical pumping
— 0.1 Pa

- High Vacuum pumps v o9 ]
with backing pump T
— HV, Good HV (VHV) X 5 L

Backing
| Pump

« High Vacuum closed
— UHV

4+

| 5 i o | o R
10° 100 01 HV 10% vyHv 107 yHy Pa

-
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Vacuum
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Pump throughput AV

Pa m3/s Q, = P
AV

Pumping speed D & At

m3/s, I/s, m3/h

Final pressure

From Jyrki Malarius

Chamber
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Vacuum

Pumping speed and the ulfimate pressure

to pump

—? inner
e and
outer leak
Balance Qp =Q leak T Q des T Q evap T Q diff T Q per — Q ads
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Adsorption

Ep(2)

*Physisorption

2M
Yl ;
C |
*Chemisorption M z
K

Kuva 12.1. Lennard-Jones-diagrammi.
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Adsorption

Physisorption

*Chemical bonding:
*polaroization (van der Waals)

*Bonding energy = 0.001 — 0.5 eV
‘Bond length=3 -10 A

*For example: nobel gas or molecules
on materials

*Possibly precursion state before
chemisorption

rsity
hemical

| Jari Koskinen 18 Kuva 12.1. Lennard-Jones-diagrammi.



Adsorption

Chemisorption

*Chemical bonding:
.charge exchange

‘Bonding energy = 0.5 - 5 eV

‘Bond length=1 -3 A

*For example: H, O, N, CO on metals
*Dissociation of molecule

*Final absorption

| Jari Koskinen 19
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Desorption

Adsorbed molecule must
receive energy Ep in

4. Quantum-state resolved

order to leave surface detection in the gas phase
e thermal f.

° rad iation 1. Photon absorption

» photons
 electrons

* jons

* electric field

3. Desorption of the admolecule

00

| Jari Koskinen 20



Vacuum pumps

* Positive displacement (mechanical pumps)

 Momentum transfer (molecular pumps)

* Entrapment 2 o

Aalto University
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Mechanical pumps

180°

Rotary vane

| Jari Koskinen 22

Very common fore vacuum-and general vacuum
pump.

*Typically 1 or 2 stage configuration.

*Gas is moved by rotating vanes.

*Qil is used as seal, lubricant, and coolant.

+ High capacity from 103 to ~10-2mbar.
- Potential back streaming of oil into vacuum
chamber.

Aalto University
...................... School of Chemical
B Technology



Mechanical pumps

Counter rotating blades moves gas volume.

*No contact between surfaces —oil free
operation.

*Runs very hot without fore vacuum pump.

+ High capacity from 10 to ~10-4 mbar.
(Medium capacity from 1000 to ~10 mbar)
+ Oil free

- Works best together with fore vacuum

pump.

| Jari Koskinen 23



Mechanical pumps

Scroll

| Jari Koskinen 24

Moving scroll orbiting a fixed scroll.

Compressed gas volume pushed towards
center outlet.

+ Oil free
+ Reliable, low maintenance.
- Low to medium capacity (103to ~10-2mbar)

Inlet
Outlet

Suction process
Exhaust process
Compression process

2

Fixed scroll
(a) (Suction completed) (b)

* A 4

@ @

(d) (©)

Aalto University

A B Technology
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http://upload.wikimedia.org/wikipedia/commons/3/31/Two_moving_spirals_scroll_pump.gif

Momentum transfer - Turbo pump

Chamber *Fast moving rotor (30k to 90k rpm) with
* several stages and many blades per
Turbine Backing Stage'
Blades Pump
JT *High efficiency in the molecular regime
where gas molecules collide with rotor

blade and not each other.

Some modern pumps have magnetic,
non-contact, bearings.

+ High capacity from 10-3to ~10-2 mbar.
+ Low maintainance.

- Sudden large gas loads may cause
severe, expensive damage.

| Jari Koskinen 25



Momentum transfer in turbo molecular pump

-
= C
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Momentum transfer - oil diffusion pump

Liquid nitrogen trap

(https:llwww.idealvac.comNarian-362-6-ASA-Liquid-Nitrogen-Cryolrap-

e *Hot dense oil vapor is forced
through central jets angled
downward to give a conical
curtain of vapor.

—» Qil Molecules

2 Gas Molecules
f \ Gas molecules are knocked
e i § i downwards and eventually
stage IR reach the backing vacuum
i pump.
Co;;cr::gion i Al
Stage il
Third Compression Stage ? i ﬁ Fg::::ge + SImple pump WlthOUt
- i moving parts.
s + High capacity from 103 to
Vapor Condenses on i A ce ~1 0-8 mba.r.
walls and returns to boiler i 25 Fourth Compression + Low maintenance.

Stage
7 - Needs cooled baffle to
. P reduce oil contamination of
Boiler and Heater e ; \ oil Pump vacuum chamber.

................................................................................................................ School of Chemical

https://vacaero.com/information-resources/vac-aero-training/1 70466-the-fundamentals-of-vacuum-theory.hKl' Aalto University
B Technology
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Entrapment

Cryo pump

| Jari Koskinen 28

Cool head with several plates (stages).

The metal top side of the cool (12K) plates traps
gas molecules by cryocondensation.

The bottom side of the plates are coated with
active charcoal and traps gas molecules by cryo-
adsorption.

The cooling is done with a Helium filled
refrigerator loop.

+ Very High capacity down to ~10° mbar.
+ No backflow contamination.

- Pump saturates if exposed to high pressure or
continuous gas flow.
- Need periodic regeneration of cool head.

Aalto University
.......................................... School of Chemical
B Technology



Entrapment

TiTa PLATES

ion pump

MAGNET

| Jari Koskinen 29

Free electrons move in helical trajectories
towards the anode, ionizing gas molecules upon
collisions.

*Gas ions strike the Ti cathodes and some get
buried.

*Sputtered Ti deposits inside the tubes and
getters gas molecules through chemical
reactions.

+ Simple pump without moving parts.

+ Can work at very low pressure ~10-""'mbar.
+ Oil free.

- Not suitable for gas loads.

Aalto University
School of Chemical
B Technology



Pumps and vacuum ranges

Ultrahigh vacuum High vacuum Medium vacuum Rough vacuum
<107 mbar 107 to 103 mbar 10-3to 1 mbar 1 to approx. 10% mbar
<105 Pa 10510 10" Pa 10-" t0 10% Pa 102 to approx. 10° Pa

Piston vacuum pump
Diaphragm vacuum pump

Liquid-ring vacuum pump

Sliding-vane rotary vacuum pump

Mulliple-vane rotary vacuum pump

Trochoide vacuum pump
| Rotary plunger vacuum pump
| Roots vacuum pump

Turbine vacuum pump
Gaseous-ring vacuum pump
Turbomolecular pump
Liquid jet vacuum pump
Vapor jet vacuum pump
Diffusion pump
l Diffusion ejector pump
| | Adsorption pump
submilation pump |
| Sputter-ion pump |
| Cryopump
I I I I I I | I I I I I I I

10-14 10-13 10-12 10-1 10-10 10 108 10-7 106 10-% 104 10-3 10-2 10 100 10! 102 108
p in mbar —

Working range for special model or special operating data Normal working range

) ) alto University
Fig. 9.16: Common working ranges of vacuum pumps chool of Chemical

AW Em Technology
| Jari Koskinen 30



Vacuum gauges

atmospheric pressure
ceramic substrate

oelll

¢

* Electronic
 Piezoresitive (strain gauge)
» Capacitive

* Magnetic ceramic diaphragm ‘
* Piezoelectric prEsa.
* Optical
* Potentiometric
* Resonant
* Thermal conductivity — Pirani
 lonzation gauge
* Hot cathode
 Cold cathode (Penning)

* Mechanical — diaphragm

| Jari Koskinen 31



lonization rate ~ pressure

Heat transfer ~ pressure fl
Gauge Reference
Tube lube lon Collector e | Microammeter
Electron gh
Collector /»"
Hlament /‘ Milliammeter

Meter

W=
M

1| i} 20V

Power

Pirani ionization gauge hot filament
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Residual gas analyser

O END VIEW

1%
i *—  mOO
ELECTROOES (4
‘{‘ ol N CONFIGURATION
? N “UNTUNED"
1ON
A PATH
( /
LJ&_J L]
- &—jg_um

Figure 3-1 cont. A quadrapole mass spectrometer.

https://vacaero.com/information-resources/vac-aero-training
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- When the woltage applied to the analysis electrode
The flament ionizes the gas changes, ions /.I| different massielectric charge
maolecules. ratic esponding to the voltage being applied

\ J pass Ihr-‘jl.li,ﬂ' me -L]UJIC'!Z:[‘;C-Z—?
\ !
Filament - Focus lens -‘

ey o0
v |IIIE OO

Quadropole Faraday cup ',
Filament ".
\
Ihe ions gathered by the Fa Hd y cup are
detected as an electnc current

SRS RGA100 Residual Gas Analyzer

Aalto University
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Residual gas analyser

Mass Number

. N Constituent
RGA - Vacuum Blank Off (Vacuum Tight) (Major Peak) —
7.00E-07 - 28 Al
* (_ H*O 45 Alcohol, isopropyl
6.00E-07 +——5; -' L e
40 Arggn .
= 5.00E-07 - * 44 Carbon Dioxide
28 Carbon Monoxide
% 4mE'O7 35, 37 Chlorine
36, 37 Hydrogen chloride
3 3005-07 2 Hydrogen
4 Heliu
& 2 0O0E-07 N 0. 39 - 43 Hydrsca:t;lons
- 16.0 Methane
1005-07 -~ ‘& I\ \-ﬂ { 14:;228 I\(l;ir;?:]ee:
0.00E+00 — :AJJLA—MM—Q 29 Propane
17, 18 Water
0 10 20 30 40 50
Mass Number

https://vacaero.com/information-resources/vac-aero-training/6884-residual-gas-analyzers.html

Aalto University
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B Technology
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Vacuum systems

Aalto University
................................................................................................................ School of Chemical

B Technology
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CONTROLLEN MEISSHER |
u" 'm _______ % - m N - -
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Figure 3-8. Vacuum/plasma processing system. Handbook of Physical Vapor Deposition (PVD) Processing

Aalto University
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B Technology
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Gas flow in vacuum systems

Q=C(P;-Py,) Q gas troughput [pressure*volume/s]

in series:

P1 —> P2
1 1 N 1 1
R — — — e e,
Csys CI CZ C3 C

Conductance [l/s]
in parallel:

C

sys

=C|+C2+C3+"'.

-
= C

Aalto University
................................................................................................................ School of Chemical
B Technology
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Conductance of various geometries

T 1.2
C = 3.644| —
5

A2 T\ 12
C=6.18 D—L(ﬁ)

M. Ohring

= 11.74

= 12.2T



Out gassing

At room temperature

Standard values1 Metals Nonmetals
(mbar - 1-s71- cm) 109...- 1077 107 ...-10°°

Outgassing rates (standard values) as a function of time
Examples: 112 hr. 1hr. 3 hr. 5hr. Examples: 1/2 hr. 1hr. 3 hr. 5 hr.
Ag 15-10°8 1.1-10° 2-10° Silicone 1510 8-10° 35-10°% 15-10°°
Al 2-108 6-10° NBR 4-10% 3-10-% 15-10% 1-10%
Cu 4-108 2-10-8 6-10° 35-10-° Acrylic glass 15-10% 12-10% 8-107 5-107
Stainless steel 9-108 35-10°%8 25108 FPM, FKM 7-107 4-107 2-107 15107

1 All values depend largely on pretreatment!

Table X: Outgassing rate of materials in mbar - - s~ - em™2

Aalto University
................................................................................................................ School of Chemical
B Technology
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Monolayer formation times

Table 3.2. Pressure (in Pascal and Torr), impingement rate, and monolayer formation
time for selected vacuum and process conditions

p (Pa) p (Torr) Jy (m2s™) T(s)
Nitrogen

] 7.5 x 1073 2.9 ><g1022 3.5x 107

107! 7.5 x 107* 2.9 x 10*! 3.5x 107

1072 7.5 x 1073 2.9 x 10%° 3.5 x 1072
water vapor .

1073 ' 7.5 x 107° 3.6 x 10"° 0.28

107 7.5 x 1077 3.6 x 10'8 2.8

1073 7.5 x 1078 3.6 x 10" 28

Aalto University
School of Chemical
................................................................................................................ B Technology
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Vacuum Baking

= |In order to obtain UHV

= heated to high temperatures (100 -
300° C orso)

= mostly water is adsorbed to the
chamber walls

= very long time at room
temperature.

= Electrical heating tapes (shown in
the picture below).

* Then everythin? is covered with
aluminium foil for insulation and
heat distribution.

http://philiphofmann.net/ultrahighvacuum/ind_bakeout.html

Aalto University
................................................................................................................ School of Chemical

42 B Technology
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Out gassing - 1

Basics 5:Outgassing Resources

The outgassing table below is a bit dated but still useful as an introduction. Check the N.A.S.A. link below for a really large data base on the subject.

Outgassing Data Table
IOutgassing Rate in Torr Liters Per Square Cm. Per Second
[Material |Condition [1 Hour [10 Hours 100 Hours [Source
|Aluminum Cleaned I [8X10e-09 L 1
[Aluminum |Anodized I [1X10e-07 L 1
[Aluminum |Anodized I |1X10e-07 L 3
|Aluminum |dcgasscd |l 7X10e-07 |2.7X10e-08 |4.6X10e-09 |§
|Aluminum |none | 1.3X10e-06 I_ l_ 4
|Aluminum 6061-T6 Inone I 2.5X10e-09 L 5
[Aluminum 6061-T6 @ 200 deg.C  |hot I 4.5X10e-09 L 5
[Aluminum 6061-T6 [Bake 13.5hr. @ 200 deg.C  [_ [3.7X10e-10 L 5
[Aluminum 6061-T6 @ 300 deg.C [hot [ [1.4X10¢-08 L 5
[Aluminum 6061-T6 [Bake 15hr. @ 300deg.C [ [1.6X10e-10 L 5
|Brass ICast, cleaned |_ |3X100-07 [_ 1
ICopper I_ |2.3X10e-06 l_ |__ 3
|Copper, 450 Deg.C [None [1.6X10e-06 I L 4
|Copper, 450 Deg.C |degreased, pickled [2.6X10e-07 - L 4
|Copper, 450 Deg.C |degreased [1.4X10e-06 - L 4
[Molybdenum o [7X10e-07 - L 3
[Nickel I |6X10e-07 I L 3
[Silver n |6X10e-07 n L 3
[silver L [6X10e-07 n L 3

Aalto University
................................................................................................................ School of Chemical
B Technology
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Out gassing - 2

Basics 5:Outgassing Resources

The outgassing table below is a bit dated but still useful as an introduction. Check the N.A.S.A. link below for a really large data base on the subject.

Outgassing Data Table
IOutgassing Rate in Torr Liters Per Square Cm. Per Second
[Material |Condition [1 Hour [10 Hours 100 Hours [Source
[Steel, Mild [Shot-blasted L [6X10e-08 L 1
[Steel, mild L [5X10e-07 [5X10e-08 L ]
[Steel, mild degassed 5.3X10e-08 [1X10e-08 |1.9X10e-09 4
[Steel, mild none L [1.9X10e-9 [4X10e-10 5
[Steel, mild @ 200 deg. C fhot L [8.6X10¢-9 L 5
[Steel, mild [baked 15 hrs. @ 200 deg.C | L [4.3X10e-11 5
[Steel, mild @ 400 deg. C lhot I [8.4X10e-9 L 5
|Steel, mild [Baked 15 hrs. @ 400 deg.C  |_ [1.2X10e-11 L Is
|Steel, mild Inone [4.2X10e-07 L L 4
[Steel, mild [none [4.2X10e-07 - L 4
[Steel, chrome plated [Polished & vapour degreased [1X10e-08 9X10e-10 L 3
[Steel, nickel plated [Polished & vapour degreased |5X10e-07 [1X10e-09 L 3
[Steel, stainless I [2X10e-07 [2X10e-08 L 1
IStecl, stainless IPolishcd & vapour degreased |_ Il 4X10e-09 l_ 3
[Steel, stainless [none 6.4X10e-07 - L 4
[Steel, stainless degreased [4X10e-07 - L 4
[Steel, stainless lannealed [5.3X10e-08 I L 4
[Steel, stainless [none [7.6X10e-10 L [1.1X10e-10 5
[Steel, stainless Inone I |1.2X10e-08 L 5
[Steel, stainless [bake 24 hr, 200 deg. C - [1.5X10e-10 L 5
[Steel, stainless [bake 12 hr., 400 deg. C [ [9.3X10e-13 L 5
[Steel, stainless @ 400 deg. C lhot I [1.4X10e-09 L Is
[Tantalum - [9X10e-07 L L 3
[Tungsten I [2X10e-07 I L 3

“J Aalto University
................................................................................................................ School of Chemical
B Technology
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Out gassing - 3

Basics 5:Outgassing Resources

The outgassing table below is a bit dated but still useful as an introduction. Check the N.A.S.A. link below for a really large data base on the subject.

Outgassing Data Table
IOutgassing Rate in Torr Liters Per Square Cm. Per Second
[Material |Condition [1 Hour [10 Hours 100 Hours [Source
[Araldite D" L [ [1X10e-06 [3X10e-07 [
[Neoprene - [3X10e-05 [1.5X10e-05 o L
[PVC - I [8X10e-07 [1.3X10e-07 L
[Mylar outgassed [2X10e-07 - I 2
INeoprene |As received [2X10e-04 I L 2
[Silicone rubber |As received [3X10e-05 - o 2
[Tefion [As received [5X10e-06 - - 2
[PVC |As received 9X10e-07 I I 2
[Textolite |As received [7X10e-06 I I 2
Mylar |As received [3X10e-06 I L 2
|Zirconium |_ | 1.3X10e-06 |_ |_ 3
[Butyl rubber L [1.5X10e-06 - L 3
[Kel F - [4X10e-08 I I 3
[Plexiglass [Outgassed [1X10e-06 I I 3
[Polyethylene L [2.6X10e-07 - L 3
[Nylon - [1.2X10e-05 - o 3
[Porcelain [Glazed 6.5X10e-07 - - B
[Steatite I [9eX10e-08 I I 3
[Epon 828 |degassed 6.7X10e-07 5.9X10e-08 9.4X10e-09 4
[Teflon |degassed [4.6eX10e-07 [2.1X10e-07 [9X10e-09 4

| Jari Koskinen 45
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Oxygen contamination

22~ As DEPOSITED COSPUTTERED TaSi, ON OXIDE

2+0.2 AT % OXYGEN

/
1£0.2 AT % OXYGEN 7

.~

@ /- A s Z_Q02-OIAT% OXYGEN

L o o B__!!?_ OXYGEN
- O U g

SHEET RESISTANCE (§1/0)
o

| l | ] | | | 1 | | | ]
200 204 208 212 216 220 224 228 232 236 240 244

Si/Ta ATOMIC RATIO
Figure 4.3. Variation in the as-deposited sheet resistance of cosput-
tered Ta-Si deposits (on SiO3) as a function of Si:Ta atomic ratio for

several oxygen concentration ranges. Oxygen was incorporated as a
contaminant during sputtering.

Aalto University
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Case NiTi

Nickel/Titanium Ratio

= Nickel Titanium shape memory alloy B 102 108
= MEMS devises
. . 100 |- L4 —
= Based on reversible austenite- -2
martensite transformation, which is O & M |
temperature driven o IS ,
=
= Transformation temperature depends on g ol ‘k. J
stoichimetry ‘é’. ;’
. . . . @
= oxygen reacts with Ti forming TiO,, F 50| T, . -
which changes Ni/Ti ratio in alloy = e .
-100 .'
1
o
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Case NiTi

RGA control in UHV vacuum
= Before baking H,, H,O, CO, and CO
= By baking H,0, CO, and CO gases were

kept below 10-8 Torr Tt
= Sputtering with Ar partial pressure of 2 e
mtorr during film growth Leak valve
= Stoichimetry and transition temperature as ﬂﬂ ot Vo Lot Ar
in bulk NiTi ]
= without careful ambient control transition _ Pumping well |
temperature changes radically. (Oxygen 200 L/s Ton pumn & T.S.P.
detection al low contents difficult in Press (Tar) fRasw
metallic thin films) et T
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Vacuum systems and sample loading

E = Isolation Valve with Transter Tooling
<——> = Motion of Fixturing

R l | l 1|
L3 | l A':’ l e Il

Diract-Load Coater Load-Lock Coater In-Line Coater

= Access Door
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V
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Web
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|
v K I—E g’E Differentially Pumped
“Roller* Vaives
| A< ﬂ

A
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Y
e | oon =
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Cluster Tool (Batch) {Air-To-Air)
Figure 3-9. Deposition chamber configurations. Handbook of Physical Vapor Deposition (PVD) Processing
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Planar Load Lock Assemblies

 Connected to main chamber via

gate valve
* transferring samples
i - % * its volume can be pumped and
RS %r/\ .../ | vented without disturbing the
; AR T =00 main chamber pressure
T = . ‘ « chamber clean from water vapor
o I oy . or other contaminant’s
. c * increased sample throughput.
- I *.t:! §51 PP « Components
W s - viewport
j:H \ - o-ringed door
N e | ¢ ports for pumping and gauging
TURBO PUMP AND WIDE RANGE GAUGE " MANUAL O

LLA-3500-R3
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Airlock Sequence

Hydrogen
—— Water
——— Nitrogen
------ Oxygen
w0

— Floor

*
"tereae,

=
———

Turbo closed
pumping of
load lock
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Sputter cleaning effect

ENERGETIC
nuncn.: REFLECTED
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ELECTRON
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Figure 3.5. Schematic depiction of the energetic particle bombardment effects on
surfaces and growing films.
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Sputter cleaning using oxgen plasma or Ar-plasma

Oxygen Plasma Argon Plasma
Chemical Process Physical Process
Organic Removal Sputtering

‘ e ® |

-
= C
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Self-sputtering of Ni ions

2 - T T T T
v 1} - ®
g deposition | \
2 /!
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g _ (] .. ® .. (A
= etching ................
ﬁ 1t E 00000000
2
S 2f .
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Negative substrate bias voltage, (V)

[7. Rate of deposition or etching as a function of bias voltage for aluminum arc
- {Adapted from [67])
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Self sputtering of selected metals

Yield of self-sputtering

4 T T T T
_A

v—V

—.—’:’-——.:::::'7.5'-

Self-sputtering Yield (atoms/ion)

0 1000 2000 | 3000 4000
Primary lon Energy, (eV)

Fig. 8.16. Self-sputtering yield for selected metals as a function of ion energy (calculated
by T-DYN Monte Carlo code; the apparent scatter is due to the statistics). The energy
scale of up to 4keV is quite appropriate considering the typical bias of 1kV and the
presence of multiply charged ions

.................... Aalto University
............................................................................................ School of Chemical
| Jari Koskinen 55 55 B Technology



8700 CONTINUOUS FEED LOAD LOCK
Isolated Chamber Layout and Backside/Edge Wafer

Transfer System

| PROCESS
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In-situ fabrication and characterization

INFRARED

SPECTROMETER AUGER

SPECTROMETER

LEED
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@ B CVD MOLECULAR BEAM VALVE
TO ION PUMP SBETTERING
SYSTEM =
GUNS

TO r— 5 ,
TURBOMOLECULARO e LoADLOCK
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Figure 8.11. Top view of special dual-chamber system for in-situ fabrication and
characterization. Courtesy of A. Kaloyeros, SUNY, Albany, NY.
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Figure 8.12. P
bers for substrate cleaning, remote PECVD deposition, and ai
Both systems provide for substrate introduction into load-lock chambers. From Lucovsky et

al [21].
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Schematic of in-situ UHV processing system
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Figure 8.13. A schematic drawing of possible all-UHV in-situ processing system.
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MBE system

Anti-Creep Trapped
Diffusion or
Molecular Pumps
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Optional SIMS Analysis System \
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Figure 8.14. A typical sophisticated MBE system.
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Vacuum system design

* Access—how large and heavy are the parts and fixturing?

* Do the parts need to have in-sifu processing? e.g.
outgassing, heating, plasma treatments, etc.

* System cleaning —1s there a lot of debris generated in
the process? Does the debris fall into critical areas such
as valve sealing surfaces? How often will system cleaning
be necessary?

* Cycle time for the system—production rate.

* How often do fixtures and tooling need to be changed?
* Is the processing sensitive to the processing environment?
* Sophistication of the operators—operator training.

* Maintenance.

» Safety aspects—high voltage, interlocks.

* Fail safe design—short orlong power outages. water failure.

School of Chemical
B Technology

» Environmental concerns —exhaust to the atmosphere, traps. A' Ralto University
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