Vacuum and Low Temperatures

1. Pumping
pressure ranges
pluming
pumps

2. Measuring Pressure
mechanical
thermal conductivity
viscocity
ionisation

3. Vacuum flange
feed throughs
seals
leaks
leak detection
diffusion
outgasing
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Units

1N/m2 =1Pa =107 bar

1 Torr =4/3 mbar

1 dyn/cm? = 10-°N/cm? = 0.1 Pa

1 atm. =760 Torr physical atmosphere
1 at. = 1 kp/cm? =0.981 bar technical atmosphere
1 psi Ib/in?

1y 10-3 Torr
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Vacuum Pumps and Pressure Ranges

Ultra-high vacuum High vacuum Medium vacuum Low vacuum

molecular flow
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Pumping Lines

throughput

dv mbar /¢
1=P g

S

. A
Flow resistance: W = 2p

Flow conductance: F =

W =W+ Wy + W3+ ...

1 1 1

F:E+FQ+FS+...

1 1 1 1

1 2 3
W:W1+W2+W3+m
parallel
F=F+F+F+..




Flow conductance

average pressure

dV /7rfr4

q = Pa ar — palGnL

viscosity

Viscous regime (p1 — p2)

Molecular flow (long tube, L/r >5)

short tube, L/r <5

Clausius factor



Flow conductance

F/Fmolecular

Tr'ansiTion r‘egion: F = Fviscous + @ Fl'nolecular
o(T,p,n,r) = 081.1

o~ 1
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Design of Pumping Systems

most cases: molecular flow

Fs
F‘Z A

2r;
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<
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final segment at room temperature
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Pn-1 Dn _ ﬁ
Tn—l \% T’n T’%
3 kg
A=Sgor /B
1™V orm

Do
VT W=AZ

if po. To. g are known, the design of the
pumping system is straight forward
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Types of Pumps

Gas transfer pumps Entrapment

Positive displacement

Kinetic

| Adsorption
Rotary pum
Sl Drag Getter
Sliding vane ]

Turbo molecular  Fluid entrainment Non-evaporable getter
Rotary plunger

Roots t Water jet Sputter ion
Ory pumps

Diffusion Diode
':Diuphrugrn

Triode
Multi-stage rotor

pumping speed liters/second {/s
throughput

minimal pressure
operating range
inlet pressure
oil or dry
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Pumping Process

Gas load

Outgassing
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Rotary Pumps

Exhaust T # Inlet
GCIS bﬂ[LﬂS‘l‘ ﬁ_r' | |
J L E?

inlet valve

Exhaust valve — ) Pump
7 ——fluid

Gas ballast:
inlet

Rotor
Sliding vanes —

7/ Stator

Drain plug—1]

Inlet #

T Exhaust

Fluid seals
s

two stage rotary pump
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Operating Principle of a Rotary Pump
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Rotary Pumps With Gas Ballast

Without gas ballast
— — — — With gas ballast

1071
107510°%10°2 102107 1 10 102 103

p (mbar)
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Root Pumps

large throughput ~ 250 torr /s two lobed rotors interlocked and synchronised

typical application: 12
SHe/*He-Kryostat S

backing pump needed
no sealing fluid - dry
potential trouble spots:

rotating seal
close mechanical tolerance 0.3 mm
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Pumping Speed of a Roots Pump

— —
—

r
’ =
Ve st .;hfr pETRETE!
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Diffusion Pumps

Gas molecules
Inlet flange

Cooling
coils

Condensed____
vapour

Hot vapour

trapping the pumped gas molecules in a high velocity
stream of oil

low ultimate pressure, high pumping rate, small cost

pumping speed between 102 .. 10% ¢/s
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Typical Diffusion Pump Setup

Vacuum chamber

Ionisation gauge

Roughing valve

High vacuum
- 14 m T ——— - .
isolation valve Thermal conductivity

[ j gauge
g — Fore-line trap
Diffusion pump : . Backing 'FSE: .
Air admittance valve and

valve
leak detector connection

Rotary pump——:




Turbomolecular Pumps

NS YN
QW AN

N SN

works like a high speed fan
high pumping speed 1500 #/s
low ultimate pressure

start at ambiente pressure

expensive
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Turbomolecular Pumps

Pumping Speed

Helium

Hydrogen

1072

p (mbar)

gas compression ratio
H, 103
He 104
N, 10°

rotary backing pump is required
producing a pressure of 10-? mbar

magnetically levitated
bearings - no oil or grease
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Scroll Pumps

dry mechanical pump

used as backing pump in dry pumping systems
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Adsorption Pumps

large surface area (charcoal)

Vapour pressure
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Measurements of Pressure

P R ES SURE ( mbar )
102 ‘ l[-)ﬂ' . 10_'2 ‘ 1*0'15. 10‘5 -llﬂ‘ﬂ ‘ 1;}-10‘ 1!:]'{? 1!:}"145 1‘0'15

e~ BOURDON &
DIAPHRAGM
- >~ CAPACITANCE

~U-TUBE
LIQUID-OPTICAL

Mec LEOD
- = VISCOSITY -DECREMENT
- =VISCOSITY - ROTATING

- »VISCOSITY - RESONANCE
KNUDSEN st o i ich
- — — = PIRANI , THERMOCOUPLE

- = HOT - CATHODE 1ONIZATION
LAFFERTY =
= PENMING

OMEGATRON =
- ~ QUADRUPOLE
MAGNETIC GAS ANAL.= ———
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Mechanical Gauges

Bourdon gauge (10 mbar to 1 bar)

o : [I!'.i. .:-
@ bar @ pzs

Oval
cross section

1X5

9 By

Hairspring

Fixed
open end

pressure
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Thermal Conductivity Gauges

Pirani Gauge (10-* mbar to 1 bar)

Gauge head

Resistance change of a gas cooled wire is measured with a bridge circuit
under constant joule heating
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Thermocouple Gauge

(10-4 mbar to 1 bar)

Filament

s

— Thermocouple \E

Milliammeter

f‘%

Battery

@

S

Rheostat for
current

adjustment

Vacuum gauge

Microammeter
( low - resistance

type!
(b)

Temperature of gas cooled resistive wire is measured via thermocouples
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Tonisation Gauges

Hot cathode ionisation (10-7 mbar to 10-2 mbar)

IONIZATION GAUGES

__— CERAMIC INSULATOR

, STAINLESS STEEL
/" ENVELOPE

: 1 LANTHANUM BORI
ION COLLECTOR : : COATED mmmﬂe

1 FILAMENT

‘Il GRID
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Tonisation Gauges

Penning cold cathode ionisation (10-7 mbar to 10-2 mbar)

+ -

High voltage - gas ionisation - plasma - measurement of ionisation current
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Capacitance Gauge

Reference
Pressure

Diaphragm

\ Electrode

Reference
Pressure

|
|
|
I
|
I
I
|
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|
|
I
|

Gas
Diaphragm -_-'I:' | I Inlet
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Seals and Feed Throughs

Epoxy

NS ‘(_\‘

Fiberglass—epoxy
Flange for bolting ferini composite (G-10)
to bottom of RS ; epoxied into top
connector box SRR | of support tube

/ _ N epoy Ve

Chassis box

Soldered Stainless-steel
support tube

\ Electrical leads C ) Nonvacuum-

tight multipin

with solid-bonded

& &
e (|© &
& &,

/ connectors

\
/ BNC connectors
Stainless-stéeel Epoxy-sealed vacuum-
support tube tight lead-through
\ (see expanded view)
I

hermometer and
sample leads

o



Seals and Feed Throughs

Connector
box wall

Continuous leads
epoxied into tube

= -

S
ks .'-I

\ "?t..‘g:

Heat-shrink tubing serves
as temporary mold for epoxy

Epoxy

[ OO D

9,

~3 mm dia.

Lip of epoxy around
brass tube

Vacuum outside of tube

coupling Shrink onto brass tube by

touching bottom of heat-shrink
Y. tubing with soldering iron
Soldered into -
vacuum-tight flange

Instrumentation leads
4« Wwith coated insulation
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Indium Seals

SN
- \

Y

l l N
A A A AR A A N
T taNy
R o L

R SRR A, SRR NN

\

External
clamp
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Indium Seals

Socket head
clamping screws

=3 = Indium
Stainless-— [£=§ g=77 O-ring
steel jaws™

QO-ring holder

Pure indium wire wrapped
around stainless-steel ring,
before being compressed.

&

o
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Leaks and Leak Detection

Indications to have a leak in a cryostat:
oscillating base temperature
higher 1 K pot temperature
higher base temperature
bad vaccum

thermal short
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Leaks and Leak Detection

mass spectrometer
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Outgasing

Neoprene

Araldite

Cast brass
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Stainless .
steel Mild steel

Aluminum
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Permeation

Pyroceram
9606
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1720 Glass
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97% Alumina

Helium permeation
through ceramics

0.8 1.0 1.2 1.4 1.6 1.8
1000/T(K™")
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