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Week 3 Objectives

• Option 1:

➡Measure the conductance of 
gas through pipes

➡Compare/discuss your 
results w.r.t. vacuum 
conductance formulas

• Option 2:

➡Measure outgassing of 
vacuum system as chamber 
temperature rises

➡Discuss with basic 
considerations of atomic/
molecular adsorption 
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Introductory Reading (Option 1)
• Please see class homepage at: http://

sites.apam.columbia.edu/courses/ap4018y/, and 
read background information about vacuum science 
and technology…

HIGH AND ULTRA-HIGH VACUUM 
FOR SCIENCE RESEARCH

Seminar Handbook

http://sites.apam.columbia.edu/courses/ap4018y/UHV_Seminar_Handbook.pdf

Very Good Introduction…
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Throughput
Throughput is the actual amount of gas – 
or the number of atoms and/or molecules
– moving through or being removed from
a vacuum system. This is the work really
being done by a vacuum system. Through-
put is expressed by the letter Q.

The flow of gas through a pipe is de-
scribed as the amount of gas (Q) flowing
through a pipe is equal to conductance (C)
of the pipe times the pressure (P1 – P2)
over the pipe.

Or: Q = C x (P1 – P2)

For the case where a pump is removing
gas from a chamber at pressure P, we can
look at how throughput is related to pump-
ing speed (S) by taking another look at the 
definition of speed

Pumping Speed: amount of gas flowing 
into a chamber

pressure in the chamber

or: S = Q   (liters/second)_
P

reworking this formula:
Q = P x S (torrliters/second)

Or in words: the amount of gas being
pumped from a chamber is equal to the
pressure in the chamber multiplied by the
speed of the pump attached to the chamber.

Notes

10 High/Ultra-High Vacuum Seminar

High Vacuum
Chamber

http://sites.apam.columbia.edu/courses/ap4018y/
http://sites.apam.columbia.edu/courses/ap4018y/


Adsorbed Gas 
The diagram above illustrates the fact that
once the pressure in a high vacuum system
has reached high vacuum levels, most gas re-
sides on the walls of the system. At a pressure
of 1 x 10-6 torr there are 500 molecules resid-
ing on the walls of the system for every mole-
cule moving through the system. 

This highlights the fact that at high vacuum
and ultra-high vacuum levels, the pressure 
in the system is determined by the surface gas
in the system. The right column in the diagram
shows that it only takes 2.2 seconds to coat 
a perfectly clean system (a system without 
a single molecule in it!) with a monolayer of
gas when it exposed to that gas at a pressure
of 1 x 10-6 torr. At 1 x 10-9 torr it will take
2,200 seconds to coat the system with one
monolayer. This explains why surface analysis
equipment usually operates at ultra-high 
vacuum pressures.

Agilent Technologies  7

Notes

Introductory Reading (Option 2)
• Please see class homepage at: http://

sites.apam.columbia.edu/courses/ap4018y/, and 
read background information about vacuum science 
and technology…

HIGH AND ULTRA-HIGH VACUUM 
FOR SCIENCE RESEARCH

Seminar Handbook

http://sites.apam.columbia.edu/courses/ap4018y/UHV_Seminar_Handbook.pdf

Very Good Introduction…
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Overview of Week 3 (Option 1)
Auxiliary Chamber

Ionization Gauge Pressure indication:
Pi = 10(V-11) Torr or mbar
where V is controller output in Volts

Tube

Calculate conductance = (P1 - P2)/Qleak



Overview of Week 3 (Option 1)
Calculate conductance = (P1 - P2)/Qleak 

What is Qleak? 

Answer:  

Qleak ≈ S P2 

where S is measured from Week #2. 

∴ C ≈ (P1/P2 - 1)/S



Notes about Conductance
• See notes online

• Recall: two vacuum regimes

• Molecular regime (long mean free path), when the conductance is 
independent of pressure and depends only upon pipe size

• Viscous regime (short mean free path), when the conductance is 
proportional to the pressure (and the pipe dimensions.)

• Roughly, when P(mTorr) > 27/D (with D = pipe diameter in inches), 
then flow is in viscous regime. 
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Notes about Conductance
With Conductance in l/s, diameter D in inches, and pipe length L in inches, 

then useful formula are:

Molecular Flow Viscous Flow
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Tubes (Only 1” and 2” Used)

2-inch diameter

1-inch diameter9



Overview of Week 3 (Option 2)

Adsorbed Gas 
The diagram above illustrates the fact that
once the pressure in a high vacuum system
has reached high vacuum levels, most gas re-
sides on the walls of the system. At a pressure
of 1 x 10-6 torr there are 500 molecules resid-
ing on the walls of the system for every mole-
cule moving through the system. 

This highlights the fact that at high vacuum
and ultra-high vacuum levels, the pressure 
in the system is determined by the surface gas
in the system. The right column in the diagram
shows that it only takes 2.2 seconds to coat 
a perfectly clean system (a system without 
a single molecule in it!) with a monolayer of
gas when it exposed to that gas at a pressure
of 1 x 10-6 torr. At 1 x 10-9 torr it will take
2,200 seconds to coat the system with one
monolayer. This explains why surface analysis
equipment usually operates at ultra-high 
vacuum pressures.

Agilent Technologies  7

Notes

Adsorbed Gas 
The diagram above illustrates the fact that
once the pressure in a high vacuum system
has reached high vacuum levels, most gas re-
sides on the walls of the system. At a pressure
of 1 x 10-6 torr there are 500 molecules resid-
ing on the walls of the system for every mole-
cule moving through the system. 

This highlights the fact that at high vacuum
and ultra-high vacuum levels, the pressure 
in the system is determined by the surface gas
in the system. The right column in the diagram
shows that it only takes 2.2 seconds to coat 
a perfectly clean system (a system without 
a single molecule in it!) with a monolayer of
gas when it exposed to that gas at a pressure
of 1 x 10-6 torr. At 1 x 10-9 torr it will take
2,200 seconds to coat the system with one
monolayer. This explains why surface analysis
equipment usually operates at ultra-high 
vacuum pressures.

Agilent Technologies  7

Notes



Overview of Week 3 (Option 2)

¡s
Absorption is the process whereby gas diffuses into a solid and stays

there in a dissolved state. For gas dissolved in a solid, the equilibrium

concentration is e: = bl/j, where b is the solubility of the gas in the solid,

and j is the dissociation constant of the gas (j = 2 for diatomic gas in

metal and j = i for all gases in non-metals). Thus, as pressure is reduced,

dissolved gases diffuse~
is described by D ~

dx2
øt H is the activation

out and must be pumped away. Time dependent diffusionde: H
= dt ' where the diffusion constant D = Do exp (- jRT))

energy for absorption and D is a function of the gaso
and the solid. In equilibrium flow, gas will diffuse through a wall from

high pressure to low pressure at a rate equal to the diffusion into the

wall on the high pressure side. This process is called permeation. The

desorption or outgassing of an actual system may be described as follows.

Let K be the rate at which gas appears to emanate from system walls per

unit area. As a function of pumping time, K may be de&cribed empirically

by K( t) = Ku + Ki t -Y, where Ki is K at t equal to one hour, Ku is the
limiting value of K, and Y is a funciton of time. A typical plot of K

versus pumping time is shown in figure 1, with and without baking. Note that

the scales are logarythmic.
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Overview of Week 3 (Option 2)
~ 1/2 hour bake
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Binding Energy of Adsorbed Gas

From Prof. Andrei Mardare 
Institute of Chemical Technology of Inorganic Materials 
Johannes Kepler University Linz (Austria) 
https://www.jku.at/en/institute-of-chemical-technology-of-inorganic-materials/about-us/team/andrei-ionut-mardare/

Outgassing rate ~ Exp(kT/ΔW) 
where ΔW is the wall “binding energy” 

as T increases outgassing will  
exponentially increase (at least initially)



Week 3 Summary

• Option 1:

➡Measure the conductance of 
gas through pipes

➡C ≈ (P1/P2 - 1)/S 
 

• Option 2:

➡Measure outgassing of 
vacuum system as chamber 
temperature rises

➡Outgas: G ~ Exp[ kT/ΔW]
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