
2. Vacuum Technology

2.1 Introduction to Vacuum Technology
2.1.1 Importance of Vacuum Technology for Processing and Characterization

• Under partial vacuum conditions (pressures orders of magnitude below 
ambient atmospheric pressure)  fabricating microelectromechanical systems 
(MEMS) and nanoelectromechanical systems (NEMS) are conducted. 
• Why vacuum necessary?

1) to provide the atoms with a free path in a line-of-sight process; atoms 
travel directly from a source to a substrate to be coated or etched with almost 
no collisions with gas molecules. 
If vacuum is not sufficient  high number of collisions  atoms lose their 
energy not enough energy for crystallization or etching process.

To move a particle in a (straight) line over a large distance
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2.1 Introduction into Vacuum Technology
2.1.1 Importance of Vacuum Technology for Processing and Characterization

• Why vacuum necessary?
2) minimizing the impingement of air or other gas molecules at the target 

surface, causing contamination.

Atmosphere  Contamination
(usually water)

(High)Vacuum  clean surface

To provide a clean surface



2. Vacuum Technology

2.1 Introduction into Vacuum Technology
2.1.1 Importance of Vacuum Technology for Processing and Characterization

• What is vacuum?
It is a space completely free of matter (Absolute vacuum does not exist). Such 
a condition neither exists naturally on earth (and not even in outer space), nor 
is it achievable by technical means.
We can have a partial vacuum (atmosphere with a pressure below 
ambient). We may call it vacuum. Table below shows some vacuum phases

A pressure of 1 atm can also be stated as
≡ 1.01325 bar ≡ 101325 pascal (Pa) or 101.325 kilopascal (kPa)
≡ 1013.25 millibars (mbar, also mb) ≡ 760 torr ≈ 760 mm-Hg

https://en.wikipedia.org/wiki/Bar_(unit)
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Millibar
https://en.wikipedia.org/wiki/Torr


2. Vacuum Technology

2.1 Introduction into Vacuum Technology
2.1.1 Importance of Vacuum Technology for Processing and Characterization

Vacuum technology has a multitude of applications. Figure below presents 
applications examples and their pressure ranges.



2. Vacuum Technology

2.1 Introduction into Vacuum Technology
2.1.2 Historical overview

• First vacuum was established by 
Evangelista Torricelli (1608–1647) when 
he measures the atmospheric pressure.
• He completely filled a glass tube which 
was closed at the bottom with mercury 
and covered the top with a plug. Then 
he placed the tube upside down in a 
bowl of mercury and removed the plug. 
Mercury poured out of the tube and a 
mercury column of approx. 760 mm 
remained in the tube. The top of the 
tube was free of mercury  the first 
creation of a vacuum
• In creating this experiment, Torricelli 
invented the mercury barometer



2. Vacuum Technology

2.1 Introduction into Vacuum Technology
2.1.2 Historical overview

•Around 1650 Otto von Guericke (1602–1686), Germany, invented the 
vacuum pump.
• Modern high-vacuum technology is considered to start in 1905 with the 
German physicist Wolfgang Gaede (1878–1945) and his invention of the 
rotating vacuum pump.

• A cooperation with E. Leybold’s Nachfolger in Cologne, Germany, (and 
predecessor of Oerlikon Leybold Vacuum) resulted in a commercialization 
of Gaede’s invention between 1906 and 1908.

• the coorperation inventing the molecular pump in 1912, the diffusion 
pump in 1915.
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2.1 Introduction into Vacuum Technology
2.1.3 Vacuum Technology Basics

1. Ideal Gas Law

• For a given temperature, the volume of a gas varies inversely with its 
pressure; the product of volume V and pressure p is proportional to the mass 
m and a function of the (absolute) temperature T:

• Also the quotient of p and T is constant C

• Based on these equations we can have the extended equation of 
states for ideal gases (Ideal Gas Law)

p [N/m2 = Pa] is the pressure, V [m3] the volume, m [kg] the mass, Rspec [J/kg-
K] the specific gas constant (which is a function of the gas species), and T [K] 
the absolute temperature.



• Multiplying Rspec by gas molecular weight M  universal gas constant R

2. Vacuum Technology

2.1 Introduction into Vacuum Technology
2.1.3 Vacuum Technology Basics

 molar form of the ideal gas equation

The ratio m/M describes the number of 
moles ν present in volume V
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for fixed v and T  Boyle's law       

for fixed v and p  Charles's law     

for fixed p and T  Avogadro's law     

1. Ideal Gas Law
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2.1 Introduction into Vacuum Technology
2.1.3 Vacuum Technology Basics

2. Avogadro’s Number and Boltzmann’s Constant

• Avogadro’s number (or constant) NA describes how many molecules a 
mol of gas consists of. It equals the number of atoms contained in 12 g of a 
pure C12

Avogadro’s number is

The quotient of NA and R is Boltzmann’s constant kB
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2.1 Introduction into Vacuum Technology
2.1.3 Vacuum Technology Basics

3. Particle Density

• The particle density n [m−3] represents the number N of atoms or molecules 
present within a given volume V [m3], divided by the volume size V.

• According to the kinetic gas theory, n is a function of the pressure p [Pa], 
Boltzmann’s constant k [J/K], and the thermodynamic temperature T [K]. For 
ideal gases, the relationship is as follows:

Hence, n is a function of the density ρ [kg/m3] and a gas molecule’s mass mT
[kg].

V
Nn =
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2.1 Introduction into Vacuum Technology
2.1.3 Vacuum Technology Basics

4. Pressure (Definition) 

• Pressure It is defined as the force F [N] per unit area A [m2] [1]. The 
pressure p is a scalar (and therefore the force F always attacks at a right 
angle) given by

SI unit is N/m2 ≡ Pascal (Pa)

• A unit still in use although old is: 
1 Torr (mmHg (mm of mercury)) = 133.3224 Pa
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2.2 Gas Properties
Kinetic Gas Behavior

 how a pressure is created in a gas atmosphere and on a solid surface in 
contact with the gas?
The kinetic theory of gases provides us with a description of the 
interactions between molecules of an ideal gas;
•There are no attractive or repulsive forces between gas molecules  they 
behave like independent elastic spheres, with average distances between 
adjacent molecules that are large compared to the molecules’ diameters.
• The gas molecules are in a continuous 
state of random motion. Each molecule 
moves along a straight line, until it 
collides with another molecule or the wall 
of the pressure vessel  changes its 
direction for each collision.
• The distance between two respective 
collisions is called “free path” λ, while the 
average distance is related to as “mean 
free path” λmfp. Free path λ of gas particles 

between collisions

λ
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2.2 Gas Properties
Kinetic Gas Behavior

• In the ideal gas, the gas molecules do not exert forces onto each other 
except for collisions (i.e., the moment of contact). Collisions of gas 
molecules with each other and with the wall are elastic. The impact due 

to collisions with the wall generates force 
due to momentum change and hence 
creating the gas pressure p.

Δp = Favg tChange in 
momentum Impact time



2. Vacuum Technology

2.2 Gas Properties
Kinetic Gas Behavior

1. Mean Free Path

Atom diameter d0 and scattering 
cross section σ

• The mean free path λmfp depends on: 
1) The scattering cross section 
(effective area for collision ) σ 

2) The gas density n in molecules per 
cubic meter
• Hence the equation describing the 
mean free path is 
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2.2 Gas Properties
Kinetic Gas Behavior

• The continuous elastic collisions and the accompanying exchange of 
kinetic energy result in a distribution of the gas molecules’ speeds
• The Maxwell–Boltzmann equation f(v) probability density as a function 
of the speed v (density of molecules
per unit speed) 

2. Velocity Distribution

where n is the molecules density, M 
the molecule’s molecular weight, R the 
gas constant, and T(K) the molecule’s 
absolute temperature

f(v) for various temperatures

• The area under the graph represent the 
total number of molecules per unit volume
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2.2 Gas Properties
Kinetic Gas Behavior

2. Velocity Distribution

• The equation for only one component direction is as follows (taking the x-
direction as an example):

Same for y- and z-directions

• A number of important results 
emerge as a consequence of the 
foregoing equations. For example, 
the most probable speed vP , 
average speed    and mean 
square speed      are given, 
respectively, by

v
2v
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2.2 Gas Properties
Kinetic Gas Behavior

2. Velocity Distribution

• The most propable speed vp, is the speed most likely to be possessed by any 
molecule (of the same mass m). It can be calculated from setting

•The typical speeds are related as follows:

• The average (mean) speed     is the expected value of the speed distribution v

v

• The root mean square speed is the second-order moment of speed:



Ex: Calculate the mean, most probable, and mean root square speeds of air 
at 27 °C. Mair 28.89 g/mol.

2. Vacuum Technology

2.2 Gas Properties
Kinetic Gas Behavior

2. Velocity Distribution
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2. Vacuum Technology

2.2 Gas Properties
Kinetic Gas Behavior

3. Pressure creation

• From the relation between velocities and kinetic theory of gases, the 
pressure of the gas molecules traveling with a velocity v impinge on
the surface of the container wall can be calculated

is equals the number of moles per unit volume (v/V)



2. Vacuum Technology

2.2 Gas Properties
Kinetic Gas Behavior

4. Surface Impingement Rate

A most important quantity that plays a role in both vacuum science and vapor 
deposition is the gas impingement flux Φc. It measures the number of 
molecules that strike an element of surface (perpendicular to a coordinate 
direction) per unit time and area [molecules/m2-s or molecules/cm2-s]. Φc is 
the surface impingement rate:

, Sub. for dn from

or
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2.2 Gas Properties
Kinetic Gas Behavior

5. Contamination gas Monolayer Formation Time

• Other issue is highly important when one attempts to deposit or grow films 
under extremely clean conditions. This issue is how long it takes for a surface 
to be coated by and contaminated with a monolayer of gas molecules
• The monolayer formation time is gained by inverting the equation for the flow 
Φ.  Assuming that all gas molecules impinging on the surface are trapped, the 
formation time tc for a monolayer contamination film is as follows:

• In real cases not all molecules stick to the surface. But usually certain 
percentage of gas molecules stick to the surface depending on the chemical 
reaction of gas with surface

where nmono is the number of molecules per unit area
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2.2 Gas Properties
Kinetic Gas Behavior

5. Contamination gas Monolayer Formation Time

• Example: what is the time required for air (Mair 28.89 g/mol) to form a 
monolayer on a surface covered with about 1015 molecule/cm2 at T = 22 °C 
under pressure of 105 Pa and 10-6 Pa

For p = 105 Pa 

for p = 10-6 Pa 
tc = 350 s  = 5.8 min

•Much time is needed for contamination when pressure is low
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2.2 Gas Properties
Kinetic Gas Behavior

5. Contamination gas Monolayer Formation Time

• Figure below presents an overview over various parameters we discussed 
so far. It shows n, Φ, λmfp, and tc as a function of the system pressure. Note that 
high vacuum is so necessary to reduce contamination from not needed gases

• Hence pressure is 
very important since it 
affects: 
- gas density,
- mean-free path,
- incidence rates,
- monolayer formation 
times



2. Vacuum Technology

2.3 Gas Transport and Pumping
2.3.1 Gas Flow Regimes

• Gas flow is needed to reduce pressure in systems (vacuum chamber, pipe). 
The pressure in the vacuum chamber during pump-down passes through up 
to more than 13 order of magnitude (as shown in figure of slide 4)

• The various gas flow 
conditions (regimes) are a 
function of system dimension 
and
Pressure as shown in the 
following figure
• At one end, close to 
atmospheric pressure, there 
is a viscous flow regime. At 
the other end, at ultrahigh 
vacuum pressures, we find 
free molecular flow. In 
between, there is a transition 
area.



2. Vacuum Technology

2.3 Gas Transport and Pumping
2.3.1 Gas Flow Regimes

• To quantitatively characterize gas flow regimes, one uses dimensionless 
Knudsen number. It is related to the ratio of pressure and volume.
Knudsen number Kn is the quotient of the mean free path λmfp and the 
chamber (pipe) diameter d. 

• The value of Kn gives you the regime of the gas flow as shown in table 
below



2. Vacuum Technology

2.3 Gas Transport and Pumping
2.3.1 Gas Flow Regimes

1. Viscous Flow
Ideally, the flow in pipes of low and medium vacuum systems is viscous and
laminar. At a wall there is no gas velocity due to the formation of a boundary 
layer. Viscous flow occurs for Knudsen numbers below 0.01.

2. Molecular Flow and Transition Regime
A molecular flow is considered to start when the mean free path exceeds 
the pipe diameter (this corresponds to a Knudsen number > 1). In this 
regime, viscosity is no longer found and collisions between gas molecules 
and pipe or vacuum chamber wall predominate.

3. Transition regime
With 1 > Kn > 0.01, the gas flow is neither viscous nor molecular. The pipe 
diameter has a dimension of several mean free paths λmfp.
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2.3 Gas Transport and Pumping
2.3.1 Gas Flow Regimes

Viscous Flow:
Distance between molecules is small; collisions between
molecules dominate; flow through momentum transfer;
generally P greater than 0.1 mbar (101 Pa)

Transition Flow:
Region between viscous and molecular flow (medium 

vacuum range  0.1 mbar to 10-3 mbar)

Molecular Flow:
Distance between molecules is large; collisions between
molecules and wall dominate; flow through random 
motion; generally P smaller than 10-3 mbar (10-1 Pa)



2. Vacuum Technology

2.4 Vacuum Systems - Overview
• A vacuum system typically consists of a vacuum chamber and a pump 
system to create the vacuum.
• Inside the vacuum chamber, there are the sample fabrication components 
or analysis equipment components requiring a vacuum environment.
2.4.1 Vacuum Chamber

A schematic 
representation 
of a vacuum 
chamber 
showing 
chamber parts
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2.4 Vacuum Systems - Overview
2.4.1 Vacuum Chamber

• Vacuum chamber may be opened directly to load and unload the 
substrates.

• To avoid a total flooding with air during such a process, the vacuum 
chamber may be equipped with a loadlock  only the loadlock is flooded.

• Loadlock may be connected to the vacuum pump system  minimize air 
and moisture penetration into the vacuum chamber.
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2.4 Vacuum Systems - Overview
2.4.2 Vacuum pumps

• The vacuum pump system (pumps) evacuates 
the vacuum chamber. 

• In case that a high vacuum or an ultrahigh 
vacuum has to be achieved the pump system first 
operates in the viscous regime, then in the 
transition regime, and at the end in the molecular 
regime. 

• There is no single vacuum pump that is capable 
of operating in all regimes

• system working in the high or ultrahigh vacuum 
range typically consists of two pumps: roughing 
pump and a high vacuum pump. 

• Typically, the connection between the two types 
of pumps is called a foreline and the operating 
pressure in it is called fore-vacuum.
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2.4 Vacuum Systems - Overview
2.4.2 Vacuum pumps

1. Roughing Pump

• A roughing pump is any pump that removes the bulk of the gas molecules 
in the rough vacuum range and its viscous flow regime, reaching fore-
vacuum conditions (103-0.1 mbar or 105-101 Pa) sufficient for a high 
vacuum pump starting its operation. 
• Typically, a mechanical pumps (Oilsealed or dry roughing pumps)  
capable of working against atmospheric pressure performs this task. 

• A high vacuum pump is any pump capable of reaching very low pressure 
(<10−1 Pa or 7.5 × 10−4 Torr—high vacuum) by pumping in the transition and 
molecular range. 
• These pumps are not capable of operating in the low-vacuum. In a 
vacuum pump process, they start their operation as soon as the roughing 
pump has lowered the pressure in the vacuum chamber to fore-vacuum in
the rough or medium vacuum range.

2. High Vacuum Pump
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2.4 Vacuum Systems - Overview
2.4.2 Vacuum pumps 3. Vacuum Pump Principles

Roughing pumps

high and ultrahigh 
vacuum pumps

high and ultrahigh 
vacuum pumps

A) Gas transfer 
pumps:
permanently 
remove gas 
molecules by 
transport from 
the vacuum 
chamber in one 
or more steps of 
compression

B) Entrapment 
pumps: 
capture the gas 
molecules in a 
solid or adsorbed 
state inside the 
vacuum chamber
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2.5 Roughing Pumps
2.5.1 Rotary Vane Pump (oil-sealed pump) 

• Gas to be pumped enters the 
suction chamber through an 
inlet (1).
• The gas is compressed by 
rotor and vane (2) 
• The gas expelled through an 
exhaust (outlet) valve (3). 
• The pump performs two 
pumping cycles per revolution.
• Corrosion resistance oil 
usually used to reduce 
corrosion for the suction 
chamber
• The rotary vane pump is 
capable of pumping gas in a 
pressure range of 1–105 Pa (7.5 
× 10−3 – 750 Torr)
pumping speed (or pumping
rate) is 10–200 m3/h
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2.5 Roughing Pumps
2.5.2 Rotary Piston Pump (oil-sealed pump)

• The gas to be pumped flows 
from the inlet through a 
channel and slit of the hinge 
bar into the pumping chamber. 
At 180° rotation
• After one revolution (360°), 
the chamber volume is at a 
maximum, and the slit is 
closed, completely isolating 
the gas volume from the inlet.
• During the next revolution, 
the gas is compressed and 
leaves the pump through an 
oil-sealed poppet valve.
• Capable of pumping gas in a 
pressure range of 1–105 Pa 
(7.5 × 10−3 – 750 Torr) 
• The pumping speed is 30 –
1,500 m3/h.
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2.5 Roughing Pumps
2.5.3 Roots Pump

• Roots pump, is used in series with a rotary vane or piston pump.
• This type of pump is unable to work against atmospheric pressure

• Roots pump working pressure 
is 104 ~10-2 Pa. 
• Roots pumps feature two figure 
eight-shaped rotors mounted on 
parallel shafts and are rotating in 
opposite direction
• The rotors have a figure-eight 
configuration and are separated 
from one another and from the 
stator by a narrow gap (~ 0.2 
mm)
• Due to this, the rotors operate 
at a rather high rotational speed 
of 3,000–3,500 rpm and do not 
require lubrication.
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2.5 Roughing Pumps
2.5.3 Roots Pump

• A combination of a rotary vane and a Roots 
pump is shown in the figure.
• Such a combination substantially boosts 
pumping speed and increases the achievable
vacuum range. 
• As an example, by combining a rotary 
piston pump with a Roots pump, the pumping 
speed can be roughly increased from 100 to 
450 m3/h.
• In combination with additional Roots 
vacuum pumps, the ultimate pressure can be 
reduced to the medium vacuum range (~10-3

Pa).
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2.5 Roughing Pumps
2.5.4 Diaphragm Pump

• The main advantage of a 
diaphragm pump is its oil-free 
operation it is the ideal 
pump for applications that do 
not tolerate hydrocarbon 
backstreaming.
• The attainable fore-vacuum 
pressure is only  104 - 2×104 

for single-stage pumps and 
102 – 1.5×103 Pa for dual-
stage pumps.
• A diaphragm is driven by an eccentric 
drive and a connecting rod, its center 
performs an oscillatory motion. Due to this 
motion, the volume of the compression 
chamber above the diaphragm changes 
periodically. 
• During expansion, an inlet valve opens and the gas to be pumped flows into the 
compression chamber. During compression, the inlet valve closes and the gas leaves 
the compression chamber through the outlet valve.
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump

Diffusion pump is a vapor jet pump. 
The pump consists of a pump body 
with a cooled wall and a three or four 
stage nozzle system "pumping stack".
• High purity oil (Most commonly, 
hydrocarbon oil is used as pumping 
fluid) at the bottom of the pump is 
heated and evaporates. 
The oil is heated to a temperature of 
about 250 °C. At this temperature 
the heavy oils have reasonable
high speeds of about 300 m/s. The 
hot vapor molecules move up the 
stack at high velocity where they 
are deflected downwards by the
shape of the exit nozzles in the 
stack.

• When the oil leaves the stack it moves 
in a downward direction colliding with 
gas molecules (arriving there due to 
molecular diffusion) and driving them 
towards the bottom of the pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump

• At the bottom of the pump the gas 
pressure is high enough that
a rotary pump can remove the gas to 
atmosphere. 
The oil vapor hits the sides of the 
pump that are cooled by water pipes, 
and the condensed oil runs to the 
bottom of the pump to be reheated. 
• A diffusion pump typically can pump 
to a pressure of 5 × 10−5 Pa (3.7 ×
10−7 Torr). 
•The main advantage of a diffusion 
pump is its lack of any moving part.

• The use of diffusion pumps in the high-tech area is limited due to oil back 
streaming. However, other areas take advantage of vacuum technology by 
diffusion pumps. For instance, this is the case for the fabrication of decorative or 
optical coatings or coating tools.
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.1 Diffusion Pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.2 Turbomolecular pump

• The turbomolecular pump compresses gas 
by transferring kinetic energy from high 
speed rotating blades to gas molecules
• The pump is an axial compressor. Its 
active part consists of a rotor and a stator. 
Each pair of rotor and stator rings represents 
one stage of the turbomolecular pump.
• Rotor high rotational velocities of 24,000–
80,000 min−1, in conjunction with the 
geometry of the moving rotor blades and 
stationary stator blades, create a geometry 
which favors a motion of the gas molecules 
from the pump inlet to the pump outlet. 
• A gas molecule which strikes the blades of 
either the rotor or stator is ejected to outlet 
upon reflection. In order to produce an 
effective pump between 8 and 20 stages are 
used, half in the rotor and half in the stator.
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.2 Turbomolecular pump

•Turbomolecular pumps are increasingly 
employed for thin-film deposition and 
characterization
Equipments. Typical ultimate pressures 
are 10−8 Pa (7.5 × 10−11 Torr) and typical 
pumping speeds 50–103 l/s.

Inlet

Outlet
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps
2.6.2 Turbomolecular pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps

• Same as normal turbomolecular pump but equiped with a magnetic 
bearing and a drag stage
• The drag stage transports gas by means of high-speed molecular rotors. 
The rotor is a drum with helical grooves or is a disc with spiral grooves

2.6.3 Turbomolecular Drag Pump
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2.6 High Vacuum Pumps I-Kinetic Transfer Pumps

• The drage stage enable molecular pump to work at relatively high pressure 
at the outlet and hence can be connected to diaphragm pump
• The magnetic bearing and diaphragm pump enable us to have a system 
free of oils and hence no oil contaminants exist in the system
• A magnetically levitated turbomolecular pump with a diaphragm 
roughing pump represents an oil-free system very attractive for 
applications sensitive to hydrocarbon contamination

2.6.3 Turbomolecular Drag Pump
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2.7 High Vacuum Pumps II- Entrapment Pumps
2.7.1 Cryogenic Pumps I—Cryopump

• A cryopump is a gas-entrapment pump that pumps by 
condensing gas molecules at very cold surfaces. compressed 
Helium is used to cool a cold head 
• Responsible for physically binding or adsorbing gas 
molecules are temperature dependent van der Waals or 
dispersion forces. 
• Cryogenic pumps provide vacuum low in contamination at a 
pressure of 10−1 to 10−8 Pa (7.5 × 10−4–7.5 × 10−11 Torr). 
• Can remain cold for months or even 
years in normal high and ultrahigh 
vacuum operation.
• At some point, the pump is shut down, 
and allowed to heat up. The trapped 
gasses evaporate and are flushed out, a 
process know as regeneration.
• Since cryopumps don't use any oil in the 
vacuum side, they are used when very 
clean pumping is needed.
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2.7 High Vacuum Pumps II- Entrapment Pumps
2.7.1 Cryogenic Pumps I—Cryopump

The pump has three different cooling 
surfaces, which jointly represent the 
cryopump’s cold head. 
• An 80 K condensing array is at the top of 
the pump inside the high vacuum flange,
while the 15 K cooling area and an active 
charcoal is located beneath. 
• The 80 K (first-stage) cooling area mainly 
condenses water, which accounts for the 
bulk of the gas load. 
• Most of the remaining gases are 
condensing within the 15 K (second stage) 
cooling area. 
• Others are exceptions: He, H2, and Ne would require a third stage with a 
temperature of 4.2 K. This may not be accomplished with a reasonable effort. 
Instead, a portion of the 15 K cooling area is covered with activated charcoal to 
bind these gases by sorption.
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2.7 High Vacuum Pumps II- Entrapment Pumps

• A Meissner trap with an area of a given size inside a vacuum chamber acts like 
a perfect pump for water vapor  trap water molecules into ice piece  rapidly 
enhance pumping speed for vacuum pump used in the vacuum champers.
• If positioned unobstructed inside the vacuum chamber, the effectiveness
of the Meissner trap is 100 %. 
• The disadvantage of the Meissner trap is the need to warm it up and defrost it 
each time when the vacuum is broken.

2.7.2 Cryogenic Pumps II—Meissner Trap

• Double-walled Meissner trap. The space 
between two walls is filled with liquid nitrogen 
(LN2), which leads to the condensation of water 
and other gases at the inner wall.
• The use of LN2 with a temperature of
77 K is much less complex and costly than the 
use of liquid He with a temperature of 4 K as 
used for cryopumps. Furthermore, LN2 is 
available worldwide, practically, in every thin-
film lab.
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2.7 High Vacuum Pumps II- Entrapment Pumps
2.7.3 Getter and Sputter Ion Pumps

• Getter pump (titanium sublimation pump - TSP) and sputter ion pumps are 
types of entrapment (capture) pumps. 
• They are considered as chemical method of pumping
• All gases are not pumped equally well. Two or more capture processes are
usually combined to pump effectively a wide range of active and noble gases.
• Clean pump with no backstream of heavy organic molecules.
• Getter and sputter ion pumps are applied as auxiliary pumps.
• They are most useful in UHV applications where very clean conditions 
must be maintained over a long time
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2.7 High Vacuum Pumps II- Entrapment Pumps
2.7.3 Getter and Sputter Ion Pumps

1. Titanium Sublimation Pump (TSP)

• A titanium sublimation pump (TSP) is a getter pump. The reason Ti is chosen is 
because its sublimation temperature (i.e., its temperature, at which it changes 
from solid to vapor without passing through a liquid state) is much lower than for 
other metals and it reacts with a large number of gases
• The figure schematically presents a Ti sublimation pump. An assembly of 
filaments of Ti is surrounded by a double-walled cylindrical reservoir cooled by 
water or liquid nitrogen.
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1. Titanium Sublimation Pump (TSP)

• Heating the filaments electrically sublimes the Ti into the vacuum and deposits it on 
the cylinder wall. This fresh Ti layer has a high pumping speed for reactive gases. 
• Gases reacts to form a surface compound (TiO) or diffuse (like H2 gas) into the bulk 
of the getter.
•TSP are cooled to enhance the sticking coefficient.
• Clean surface of reactive metals such as titanium are surface getters for active 
gases, and will pump N2, O2, CO2, H2O, and CO by chemisorption.
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2. Sputter Ion Pump

Figures below illustrate the schematics of 
a sputter ion pump. It achieves pumping 
by sorption processes initiated by ionized 
gas.

https://www.youtube.com/w
atch?v=_snzYepQTjI
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2. Sputter Ion Pump

A schematics of a sputter ion pump

Grounded 
cathodes

Grounded 
vacuum chamber

Magnet outside 
the chamber

Magnetic steel to 
concentrate 
magnetic field 
into the ion pump 

Isolated anode 
assembly
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2. Sputter Ion Pump
Magnet create strong magnetic 
field through the vacuum pump

Ion pump turned on after having a 
pressure of 10-4 torr or lower.
Free electrons (emitted from Ti cathode) 
are pulled by anode. Due to magnetic 
field passing anodes, electrons rotate 
around that magnetic field

With so many electrons, they hits gas molecules like Oxygen  ionizing oxygen to positively charged 
molecule  ionized gas cloud (plasma); Plasma is the fourth state of matter. It can simply be considered as 
a gaseous mixture of negatively Charged electrons and highly charged positive ions,
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2. Sputter Ion Pump

https://www.youtube.com/
watch?v=_snzYepQTjI



1 Permanent magnets 
2 Pump envelope 
3 Titanium cathodes 
4 Anode stainless steel cell array 
5 Positive high voltage lead 
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2. Sputter Ion Pump
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