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(1)
It was proposed that the "pressure bump" phenomenon observed

in the CERN ISR proton machine is caused by ion induced desorption

of gas molecules from the vacuum chamber wall. Residual gas

molecules ionized by the proton beam are accelerated by the beam

to wall potential (order of kV), and bombard the chamber wall with

near normal incidence sputtering off molecules. Mass spectrometrie

analysis of the residual gas content showed that gas molecules

desoxbed during the pressure bump are mostly carbon containing

molecules e.g. carbon monoxide and hydrocarbons. Such evidence

seems to indicate that carbon containing contamination adsorbed

on the vacuum chamber wall may be one of the major contributors

to the pressure bump. The important parameter in the heory of

the pressure bump is the ion desorption coefficient n which is

the net number of molecules desorbed from the wall per incident

ion. The desorption coefficient r\ for carbon containing contamina-

tions can be defined as the number of carbon containing molecules
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desorbed per incident ion.

Both stainless steel and aluminum have been proposed or used

as the vacuum wall material for the recent generation of accel-

erators e.g. ISR at CERN uses stainless steel and aluminum is

being proposed for ISABELLE at Brookhaven. Here we are going to

compare the ion induced desorption rate of carbon containing mol-

ecules from the surfaces of these materials, n which depends on

the surface coverage of the adsorbate does not characterize the

material. At very high (»monolayer) coverage, n is expected to

be constant with coverage as it depends mainly on the interaction

among the adsorbate molecules. At low coverage CSmonolayer), we

can define the ion desorption cross section c by

°c " V n c (1)

where n is the number of adsorbate molecules per unit area. Assum-

ing the collision cascade theory of sputtering, a is expected

to depend on the energy and mass of the sputtering ions and the

surface potential between the adsorbate molecules and the substrate,

o is hence a convenient parameter for the comparison of aluminum

and stainless steel and for the comparison of the efficiencies of

various species of sputtering ions.

Equation (1) can be rewritten in the following form
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c

% " "dN? = V c (2)

where M., the ion dosage, is the number of sputtering ions incident

on unit area of the surface. Integrating,

n « n (O)e"°<=Ni . (3)

c c

In our experiment, n was measured with Auger electron spectroscopy.

For low coverage close to a monolayer the size of the carbon Auger

signal V is proportional to the surface density of carbon atoms.

Assuming that the molecules contain one carbon atom per molecule

(e.g. CO, CO., CH.), V is proportional to n . A plot of log V

versus ion dose N. should give a straight line with slope -c .

The samples used in the experiment were half-inch square

flat pieces of 304 stainless steel and 6061 aluminum. They were

jubjected to the following three kinds of surface treatments:
(4)

(I) chemical polishing, (II) chemical polishing and argon dis-

charge cleaning, (III) chemical polishing, argon discharge and

oxygen discharge cleaning. Then they were being exposed to

air in the laboratory for time periods ranging from half a day

to about a week in a closed container, a situation that may be

encountered in the actual accelerator assembly procedure. Then

the samples were mounted on a sample manipulator inside a stain-

less steely ion pump, ultrahigh vacuum system. The system base
-9

pressure was in the 10 torr range. The samples were then heat
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treated to about 190°C for at least 8 hours.

The samples were examined with a Varian cylindrical mirror

Auger electron unalyzar unit. A 1.5 keV, 50 nA normal incidence

electron beam was used to excite the Auger transitions. The

diameter of the electron beam which defined the area of the sample

examined was a few hundred microns. The beam was turned on only

during measurements although desorption by the electron beam was

not noticeable. During sputtering a continuous leak of sputtering

-4
gas raised the chamber pressure to about 1x10 torr and a Physical

Electronics ion gun was used to produce a 1 keV ion beam. The

angle of incidence was about 70° with the sample normal. The

oblique incidence is expected to give a slightly higher sputtering

rate. However, since the sample surfaces were microscopically

rough, the angular dependence is not expected to be significant.

She ion beam was intentionally defocused to provide a uniform

bean throughout the whole sample surface. The dose of ions

intercepted by the sample is estimated by the ion current collected

by the sample.

All Auger measurements were taken after the sputtering gas

was pumped out and the chamber pressure returned to the low 10

torr range. The standard ac modulation technique for the deriv-

ative (dN/dE) of the energy distribution N(E) was used to recover

the Auger electron spectrum. Curve (a) of Fig. 1 shows a typical
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Auger spectrum of an aluminum surface. Al, C, and 0 are the major <

peaks. Assuming a standard line shape, the peak to peak value of j
I

dN/dE of the carbon line is proportional to the surface density j

of carbon atoms on the surface at low coverage (~monolayer). On :j

stainless steel surfaces, Fe, Cr, C, and 0 are the main peaks. :

Surfaces that were just chemically polished often showed small i

amounts of P and S, possibly from the etching agents. The amount :

of carbon containing contamination gathered once the surfaces were

exposed to air did not show any obvious correlation to previous

surface treatments. Curve (b) of Fig. 1 shows the Auger spectrum

of the sane surface after 80 MA-min/in dose of 1 keV N+ ions.

The carbon signal is significantly reduced while the aluminum

signal is much enhanced. We attribute these to the decrease of

the carbon containing overlayer which attenuated the aluminum Auger

electrons. There is no abrupt change in the size of the oxygen

signal* showing that the concentration of oxygen in the contamina-

tion layer was comparable to that in the top layer of the aluminum \

oxide. The strong nitrogen Auger signal shows an appreciable em-

bedding of the bombarding ions. Stainless steel samples showed

sinilar behaviors.

The exponential behavior of equation (3) was actually observed

in our samples except at high ion dose regions where the carbon
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Auger signal in general tended to level off. We suspect that this

residual carbon signal was due to the carbon inclusions in the

Material and possibly small amount of carbon contamination from

the filament of the sputter gun. 95% of this residual signal

which usually amounts to less than 10% of the initial carbon Auger

signal before sputtering is subtracted off from all the Auger

readings. Figure 2 shows a log plot of V versus N. after such

a correction. The straight line obtained suggests that the cov-

erage is close to the monolayer limit at which equation (3) applies.

The resulting correction on the slope at the low ion dose end is

not serious (—10%). The desorption cross section is deduced from

the slope. Table I gives the desorption cross section o of some

tested samples determined in this way. Hydrogen ions which are

probably less efficient in energy transfer during the collision

cascade process because of its smaller mass, gave lower a than

H, and Ar . The desorption cross sections associated with N* and

Ar* are very similar. The results showed no clear correlation

. between the variation of o < with the different surface treatments.

For the same material (aluminum or stainless steel) our

results have about a factor of two variations in the desorption

cross sections for the same kind of sputtering ion. We suspect

that the composition of the contamination might vary from sample

to sample and the distribution of contamination on the surface
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was nonuniform and possibly with patches of multilayer coverage.

Aggregates of carbon containing molecules might be desorbed and

thus enhanced the local desorption rate. Scanning of the Auger

electron beam across the sample indeed showed nonuniform carbon

concentration on the surfaces. Aside from such variations, the

desorption cross sections for carbon containing contaminations

on stainless steel and aluminum are very similar in magnitude.
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Table I

Oesorption cross sections of carbon containing molecules
for various 1 keV sputtering ions with 70° angle of
incidence. I, II and III refer to surface treatments
described in the text.

Ion

-:

<

Surface
Treatment

I

XXX

X

XX

XXX

X

XI

xxz

"•16 2
Desorption Cross Section (1C cm )

Aluminum

0.32

0.33

0.40

3.3

4.2

3.6

1.5

3.6

2.0

Stainless Steel

0.87

0.33

0.63

3.6

4.3

3.6

4.5

2.0

2.2



Figure Captions

Fig. 1. Auger spectrum of an aluminum surface (a) before and
2

(b) after sputtering by a dose of 80 MA-min/in 1 keV

N_ ions with 70° angle of incidence.

Fig. 2. Variation of carbon Auger signal on an argon and oxygen

discharge cleaned stainless steel surface with Ar ion

dose.
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