Vacuum Technology

ESS3271 Lecture

Basics

e Pressure units

Pa Bar Atm Torr
Pa (N/m) 1 1x105 9.87x10% | 7.5%x103
Bar 1x10° 1 0.987 750
Atm 1.013x10° 1.013 1 760
Torr (mmHg) 133.3 1.333x103 | 1.316x103 1

— 1 psi = 6895 Pa = 0.068 atm
e |deal gas law
- PV = NKT
— k = 1.38%x1022 Joules/molecule-K




Pressure Ranges

e Rough vacuum

- 0.1 torr - 760 torr, 10 Pa-10°Pa
e Medium vacuum

- 104 torr - 101 torr, 102 Pa- 10 Pa
e High vacuum

- 108 torr - 104 torr, 10°% Pa- 1072 Pa
e Ultrahigh vacuum

- <108 torr, <10°% Pa

Working Ranges of Vacuum Pumps

|||||||||||||||||| High vacuum Aed
| 107 10 10~ mbar 1 1 mb
0-* 1o 10 Fa
| |
i m pump
urbomolecy
Liquid
Vapor AU P
Diffusi n
|
Diffusi
|
Adadrphion pump
|
Siabimik
|
Sputle




Positive Displacement Pumps

e Diaphragm Pump

— A flexible membrane seals a small,
usually cylindrical, chamber at one end

— At the other end are two spring-loaded
valves: one opening when the chamber
pressure falls below the pressure
outside the valve and the other opening
when the chamber pressure exceeds
the pressure outside the valve

— A cam rapidly flexes the diaphragm,
causing gas to transfer in through one
valve and out through the other

High-Vacuum Pumps

e Pump the gas by

— Transferring momentum to gaseous
molecules

e Diffusion pump

e Turobomolecular pump
— Trap gaseous molecules

eCryopump




Diffusion Pump

e Operate by boiling a fluid, often a
hydrocarbon oil, and forcing the dense
vapor stream through central jets
angled downward to give a conical
curtain of vapor

e Gas molecules from the chamber that
randomly enter the curtain are pushed
toward the boiler by momentum
transfer from the more massive fluid
molecules

Diffusion Pump




Turbomolecular Pump

e Has a large number of

stages In series

e Fan blades rotate at
extremely high speed

e The high-pressure side
must be attached to a
roughing pump to have
Inlet pressure in the
molecular flow regime

Cryopump

e Closed cycle
refrigerator

e Condensation
-77K
e Water vapor
- 15K
N, O, and Ar
e Sorption
- 15K
eHe , Ne, and H

F 1 Cold element

- —— Pump hawsing

High pressure

(-old head

Low prossure

Electrical
coanections




Pressure Measurement

e Capacitance manometer
e Thermocouple gauge
e lonization gauge
— Electrons
— Provided by filament
— Attracted by grid
— Strike and ionize gas atoms
— lons flow to cathode

Thermocouple gauge

e A constant current supply feeds the

filament, though the filament's

temperature depends on thermal losses

to the gas

» At higher pressure, )
more molecules hit hermocoupie Z;c
the filament and T
remove more heat
energy, changing the "

thermocouple voltage Power

Millivoltmeter




Working Ranges of Vacuum Gauges
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(Please attention)
A.

1. Protect ion gauge filament :
a. @&-pﬁjﬁ? 107 torr ?ﬁ??ﬁﬂjﬁf’ﬁj lon gauge, ik i laﬁ% turn
off

b. Hf eﬁiﬁﬁﬁq,tum off lon gauge .V =,/ 2237 Ff] vented valve, ['][% -

filament Zir
2. Protect turbo pump :
a. B fifi 7 (AT 107 torr

b. = uFEahH=", HY (0 Turbo pump 7% % Egh
C. RN i, 1S ’rﬁj 15 min ’F*‘g{u_ turbo [, 7' H vented
valve,I" |3Ead i [l
d. EJ%J machanic pump ;I/ﬁfj,éﬁitﬁﬁ’ angle valve Fﬁ%f, P M sécin
T
B.
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