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* Throughput mechanisms:

Positive displacement: Molecules are compressed into a smaller volume, raising the pressure

Momentum transfer: Molecules are given a preferred direction by very fast moving surfaces
or oil molecules

« Capture mechanisms:

Chemical combination: Molecules react with active metal surfaces and are converted to a
solid

Condensation: Molecules land on a very cold surface and freeze into a solid
Adsorption: Molecules land on a surface and remain there
Absorption: Molecules land on a surface and dissolve into the bulk material

lonization & burial: Molecules are ionized and accelerated into a surface with enough
energy to burrow in
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|2 1Z == (Rotary Vane Pump)

Exhaust Inlet
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oil level
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Typical pumping speed curve
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ANZE == (Scroll Pump)
Positive displacement

Typical pumping speed curve
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[Wikipedia]
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Diaphram Pump

[Kurt J. Lesker ]
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Gas Volume Being Pumped
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ZatZi =z (Diffusion Pump)

Momentum transfer

Intake Port

N % A % ° cooling

[° colls

o 1 1 " % 4

To Chamber
3 o Discharge
10 Torr% Port

Oil Vapor
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SEAIE= (Turbo Molecular Pump: TMP)

Momentum transfer

Operate in the molecular flow regime 5 ey ca— ||

Operating range 102 to 1010 Torr

Pumping speed 10 to 10,000 I/s \ me BN ' _4

R
. . . . | .
Infinite pumping capacity sz | N e
Blade rotation s(gJeed ranges from @)l
14,000 to 90,000 rpm (mechanically
vulnerable) ‘ ESE! >
+




Vacuum side

"Stators redistribute directions
of molecules at each stage”
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32te| 2 &= (Cryo-pump)

Physical combination

Cryo-pump design and performance

@ Water
. Inlet o @ O @ Nitrogen and Oxygen
= e . .0 : © Helium
ol o O Hydrogen
(H,0 only) «< !>>)> ......................
Cold
£33 53%
Cold
Charcoal

Safety

Refrigerant Relief



E|Ef§ S¥IE 3T (Titanium Sublimation Pump: TSP)

Chemical combination

e / JNIMOIXI
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Ti filament [~ sl |
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v" Ti evaporation > Deposited fresh Ti layer > Gas-Ti chemical combination
v" No pumping ability for inactive gas (Ar, He, CH4)
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NEG &= (Non Evaporable Getter)

Chemical combination
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1000
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Sorption :25°C
tivation: 60' @ 1575 V (85W)
Sorption pressure 3E-6 Tor

0.001 oo 01
Sorbed Quantity [Torr’l]

v" Activation of surface (by heating) > chemical combination
v" No pumping ability for inert gas (Ar, He, CH4)



ANIHE| o|2F == (Sputter lon Pump: SIP)

Chemical combination

v" Electron cloud - ionization = high energy impact on Ti plate 2> Ti
Sputtering > Deposited fresh Ti layer 2 chemical combination

v" Pumping ability for CH4

v' Low pumping speed for noble gas (Ar, He)
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Figure 1. Cyclic instability of Penning pump with a tantalum cathode
and a titanium cathode pumping a continuous leak of xenon.

[VACUUM 20(3) 1970, Pages 109-111]
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* Throughput mechanisms:

Positive displacement: Molecules are compressed into a smaller volume, raising the pressure

Momentum transfer: Molecules are given a preferred direction by very fast moving surfaces
or oil molecules

« Capture mechanisms:

Chemical combination: Molecules react with active metal surfaces and are converted to a
solid

Condensation: Molecules land on a very cold surface and freeze into a solid
Adsorption: Molecules land on a surface and remain there
Absorption: Molecules land on a surface and dissolve into the bulk material

lonization & burial: Molecules are ionized and accelerated into a surface with enough
energy to burrow in



103 10" 10° 107
Direct measurement

Indirect measurement

Conduction

Radiation

P (pressure)

l,,n (iOon current)
A

0 F------- Secondary
5 jonization
Xx-ray limit >

D {pressure)



Direct force on surface
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Direct force on surface

Chemical
Electrode Structure Getter Purmp
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Diaphragm \\ Electronics
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Indirect (neutral gas)
lecul
moecuei QS _ QR n QL + QC
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C= =0
—p>
current a
L) .
o
QY o /

Qg : radiation (ocT4)
Q, : wire conduction (o< A4T)
Q¢ : gas conduction (< PAT)

P



4L
Circuit for Pirani type
v Wheatstone bridge v' Feedback
Vo = ( R, — Ry A — R<Ry; =V, ;<0 = V>0 — Ip>0 — R.>R;
""'R+R, R +R rc )
_ (E R, " — R>R; =V, >0 — V=0 — l5c=0 — R.<R;
2 R+ R,

4 Wh_eatstone bridge
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Cathodes

Penning discharge

9 °lZHI°|A]

\\. Ring anode

+ 3 kY

Fast response time

Burst Disk test: result from 1st and 2nd runs Time interval upto 1 x 1077 Torr:

10603 - 00 - MKS 937B 1strun=4.8 ms
- MKS 937B 2sd run =5.2 ms
g MO - TPG 300 1st run =13.8 ms
< 0.00 - TPG 300 2st run = 15.0 ms
T 10605 1
£ — .
78 =X Time travel for the gas reach the gauge
© &
g L™ 050 & using the most probable velocity
E %; equation:
§ Loe07 = Temp=24C
T M =28 g/ mol (N,)
o TPG 300 1st -1.00
% 1.0E-08 | . = | Distance = 100 cm
= 4 MKS937B 1st Ti =2
o £ TPG300 2nd Ime = 2 ms
Y 10609 i i
o ® MKS 9378 2nd
Trigger ist 130 Time response of the controllers at
1.0E-10 + Tiigger 2nd | analog port:
MKS 937B = 3-4 ms
1.0E-11 -2.00 TPG300 =12-13 ms
-0.005 0.000 0.005 0.010 0.015 0.020 0.025
Time [sec]
| 7 Office of g ay 111 BROOKHFAIEN
Science July 11-14, 2011 8 NATIONAL LABORATORY
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Quadrupole mass filter (RGA)

V(+) = U + V cos(wt)
V(=) = -U =V cos(wt)

potential

A

U+V] <

+U :

0 W /\ /
-V+U| T \/
V(+) center V(+)

N

High pass filter

V()

T

center

potential

£
-

[\

M

VE

V(-)

A

Low pass filter



buadrupole mass filter (RGA)

"Mathieu Equation”
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Residual gas amount (normalized)
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—— painted chamber (1st)
—— painted chamber (2nd)
— steel chamber (as is)

Hydrocarbon
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Magnetic Field Deflects
Helium lons 90, Other lons To .
More or Less Than 90 Preamplifier
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