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ABSTRACT

We report H2( CO and COj pumping speed measurements on a linear pump using

NEG strip St 707 (Saes Getters Inc) as a function of both adsorbed gases and

number of activations. To simulate the conditions of an operating storage ring

& gas mixture of 50% Hj, 35% CO and 15% CO2 is used in all measurements. Initial

measured pumping speeds of >450f m "1 s"1 decrease to 200 and 1001 m"1 s"1 for H2

and CO, respectively, after 70 air exposures. A further drop to 50f m~1 s~1 for

CO occurs at CO loading of 1 x 10"2 Torr I m . COj and CO pumping speeds are

about the same. The photon stimulated desorption (PSD) for both baked and

activated stripB is an order of magnitude lower than that for stainless steel.

X. IHTRODOCTION

Nonevaporable getter (NEG) modules and strips have been used in

accelerators1 and transfer lines2 and much information has been accumulated in

publications and internal reports. In particular, Benvenuti3'4 has done

definitive work on the high temperature NEG type St 101. Comparable data do not

exist on lower temperature type St 707 which is more suitable for storage rings,

especially those using stainless chambers. In addition, several questions should

be answered such as:
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1. How many times can NEG be regenerated before its performance become

unacceptable, and

2. Can NEG strips be used as clearing electrodes?

We have therefore undertaken comprehensive studies of ST 707 getter and

hope that the results presented will be usesful to accelerator technologists.

XX. PUMPING SPEED MEASUREMENTS

The three moat important properties required by an operating storage ring

are:

a. no-beam pressure of £ 1 x 10"10 Torr

b. good pumping speed in 10'10 -10"' Torr ranges

c. multiple regeneration capability without unacceptable degradation of

NEG equilibrium pressure and pumping speed.

Most gases evolve in storage rings during the initial stages of

conditioning due to photodesorption of synchrotron radiation. The gas

composition is approximately 40-50% H2, 30-40% CO, 15-25% CO2 and some methane

and water. During operation, as the walls of the vacuum chamber are cleaned the

concentration of all gases except H2 decreases. In order to simulate the

operating conditions of a storage ring, a mixture of 50% H2i 35% CO and 15% CO2

was used rather than individual gases, since CO and COj inhibit the pumping speed

of hydrogen4. Pure H2, CO and CO^ test gases were used only for a short time to

obtain their pumping speeds. Furthermore, in dedicated light sources with many

beam lines, especially those proposed for VLSI chip production, the danger of the

NEG being exposed to the atmosphere is much greater than that for a well

controlled research facility.

A. Experimental set-up

The schematic of the apparatus, shown in Fig. 1, consists of a gas supply which



contains the above gas mixture, pure H2 and CO as test gases and Ar for

calibration. All gases can be valved off and the lines are pumped out by a

sorption pump, S^. The gases are introduced into chamber A via Vj, where the

pressure is measured by G2. On orifice, O, having a conductance of 1 l/s for Nj,

separates A and B in order to determine the gas flow. The main chamber, B, a

2.5m long stainless steel tube 8.8 cm in diameter, contains a 2.2m long 3cm wide

St 707 NEG strip (Fig 2) equipped with a thermocouple, calibrated gauges and

RGAs.

Pumping speed, S, in (m a"1, is computed from the differential equation of a

1inear pump (F ig.2):

at

In steady state ~ = O and Equation 1 becomes

E + 0 = 0
C Cdx2

which yields the following solution:

where Q and C are the outgassing rate and the conductance of chamber B, L is the

length of the NEG strip, P3 and P4 are the pressures measured by G3 and G4,

respectively, and Po is the background pressure before the test gas is let in.

B. Measurements and Discussion

During the course of our investigation we have tested 2 NEG strips which

were exposed to dry nitrogen 20 times and to air of varying degrees of humidity

63 times. The results cf NEG 1 are used only to corroborate the data from NEG

2. Before each measurement the entire system is baked out to 200°C for 48 hours.



At the end of each bake the NEG is regenerated at temperatures from 400° to 700°C

resulting in pressures during regeneration of 10'5 to 10'3 Torr.

At the end of each regeneration TMP is valved off and V3, is open. After

cool-down the background pressure with S3 on reaches the 10'11 Torr range within

2 days and hydrogen accounts for 95% of the residual gas. Valving off the

triode, Sj, raises the pressure slightly due to negligible NEG methane pumping.

After reaching an equilibrium, H2, CO and COj pumping speeds, S, of the

unloaded NEG were measured for several flow rates, Q, between 5 x 10'5 and 5 x

10"4 Torr I s~1. Only small differences in S were recorded for the above pressure

range. Using the gas mixture, we observe in Fig 3 about the same pumping speed

for Hj and CO up to a significant gas loading (0.5, 0.35, and 0.15 Torr £/m of

H2, CO and CO£, respectively). COj pumping speed, not plotted in Fig. 3, is

about the same as that of CO. This is in contrast to the behavior for single gas

loading where SH2 remains high up to several Torr f/m. The same effect was

observed by Hseuh5 and Benvenuti4 using St 101. After a few air exposures, Sco

decreases faster than SH2 (Fig. 4). In addition, very long periods between

measurements (several days) seem to increase all pumping speeds.

In Fig. 4, H2 and CO pumping speeds show a monotonic decrease with the

number of exposures to air. The biggest decrease occurs during 20 exposures,

after which the pumping speed levels off to still acceptable values for storage

rings. In this figure, we also plot the amount of gas loading at which Sco drops

to 80 t s"1 m"1. Even though only the quantity of CO is indicated, each point

contains H2, CO and CO2 in a ratio of 5:3.5:1.5. In contrast to air exposures,

20 exposures to dry nitrogen produce only a small decrease in pumping speed.

Finally, we have investigated activation temperatures and found that

optimum pumping speed is achieved by heating the NEG strip to 400° - 450°C for



about 30 minutes. Temperatures above 550°C produced lower speeds, possibly due

to high pressures during activation. An attempt to restore high S after 40 air

exposures by heating it above 600°C yielded inconclusive results for CO and

significantly lower S for H2.

XXX SYNCHROTRON RADIATION STUDIES

NEG devices used in operating storage ring vacuum chambers are generally

shielded from both synchrotron radiation and resulting photons by slotted metal

walls. In order to gain more experience with photon beams we have installed the

NEG and its chamber (Fig. 2 and 3) in the U10B beamline described previously6.

Briefly, a white photon beam having critical energy of 500 eV irradiates the wall

of an 8.8 cm diameter chamber at 11 milliradian incidence. The normalized

pressure rise, AP/I, due to desorbed neutral gases is measured using calibrated

BA gauges and RGAs. In this experiment the photon flux is 4 x 1014 photons s"1

mA"1.

After a two day 200°C bake-out the chamber is exposed to direct photons,

fince the NEG strip is mounted on the bottom of the chamber (Fig. 2) only

reflected photons and photoelectrons can strike it. Biasing the NEG negatively

produces only a negligible decrease in AP/I. We therefore conclude that most

desorption takes place at the stainless steel tube surface (Fig. 5).

At a dose of 3 x 1021 photjns/m the NEG was activated and after H2 and CO

pumping speeda were measured, the chamber was again exposed to photons. No large

initial pressure peak was observed which confirms the fact that during

regeneration adsorbed gases diffuse into the bulk of the getter and do not

contaminate the system. As seen in Fig. 5 AP/I decreased by a factor of four and

kept decreasing at a steeper slope during exposure. We can conclude that at a

dose of 1023 photons/m AP/I would Le ten times lower with NEG pumping.



At the end of photon exposure the total of pumped gases was estimated to

be 0.2/ 0.015 and 0.008 Torr f/m for H2, CO and CO2, respectively. During this

run Hj pumping speed was almost unchanged while CO spaed dropped by a factor of

two. At this concentration, CO effect on Hj is still negligible.

Finally, we have applied both positive and negative potential to the strip

to see if it could be used as a clearing electrode. As seen in Fig. 6, applying

negative bias prevents photoelectrons from reaching the NEG strip and expels

photoelectrons produced in the strip by diffusely reflected photons. A very

small decrease in both the current and pressure is therefore observed. When

positive voltage is applied, photoelectrons produced by the incident photon beam

at the wall are collected by the NEG. At 200 V, photoelectron current saturates

(all photoelectrons have been collected) and reaches 2.3 /iA per mA. As the

voltage is further increased, the energy of the electrons hitting the NEG strip

also increases, resulting in a proportional pressure rise due to electron

desorption. By 3 kV the pressure has increased almost 30 times. He note that

at V = O, partial pressures of Hj, CO, COj and CH4 which were approximately 83,

10, 4 and 3 percent, respectively, changed to 40,25, 25 and 10 percent when +4

kV were applied to the NEG strip. Fig. 7 depicts the ratios as a function of

applied voltage.

After this series of experiments the NEG chamber was opened, rotated 90°,

pumped down and baked to 200°C for two days. After cool-down, when the

background pressure reached 3 x 10"10 Torr, the shutter was opened and the NEG

exposed to direct synchrotron light, yielding almost an order of magnitude lower

pressure than stainless steel (Fig.5). This unexpectedly large improvement could

be due to:

a. roughness and waviness of the getter which may considerably increase



the local angle of photon incidence, resulting in lower PSD7,

b. net pumping speed when the MEG is heated above 200°C which wae

measured in this experiment to be 10-20 f/s.m for Hz and 1 - 2 l/m.m

fcr CO. Activating the getter decreased AP/I by only a factor of

two with a very shallow slope.

XV CONCLUSIONS

Our investigation was aimed primarily at answering the questions pertinent

to using NEG strips as linear pumps in electron storage rings and, in particular,

in compact rings. Since CO and CO2 inhibit H2 pumping speed, all measurements

reported were done with gas mixtures. Based on our work we draw the following

conclusions:

1. Initial H2 and CO pumping speeds of St 707 getter strip are about

the same, i.e., > 400 I s'1 m "1. CO speed decreases faster than H2

speed with subseqrant regeneration after air exposures (Fig. 3). H2

and CO pumping speeds of St 101 are approximately two to three times

higher.3'4

2. Exposure to dry nitrogen has only a small negative affect on NEG

behavior. For any controlled opening of a storage ring vacuum

system, LN2 boil-off should be used.

3. Even after 70 air-exposure activation cycles, the pumping speed is

still acceptable. However, regenerations have to be done more

frequently (Fig.4).

4. If the NEG is brought to atmospheric pressure, activations for

optimum pumping speed occurs at 400 - 450°C for thirty minutes.

Temperatures below 400"C are sufficient, if NEG is routinely

regenerated after its speed drops below a desired level (-50 t a"1



a'1).

5. NEG can be exposed both to reflected and direct photons with no

adverse affects. PSD from both baked and activated NEG is

significantly lower than from stainless steel (Fig.5).

6. NEG strips can be used as clearing electrodes, provided that only

negative voltage is applied to them, which constitutes normal

operation. Positive voltage causes excessive outgassing due to

photoelectron bombardment (Fig. 6).
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FIGURE CAPTIOUS

Fig. 1 NEG experimental setup: Ĝ  through G4 BA gauges; Vi-bleed valve; Si

sorption pump; Sj-Ion pump; O-orifice; Ft-feedthrough; Th-

thermocouple.

Fig. 2 NEG mounting in the measuring chamber, ID = 8.8 cm.

Fig. 3 Hj and CO pumping speed vs. amount of pumped H2/ CO and CO2 mixture.

Fig. 4 H2 and CO pumping speed vs. number of air exposures. Also plotted

is the amount of gas mixture pumped for Sco = 80 I.a'
1 m"1.

Fig. 5 Pressure rise due to photons incident on a) beam tube (solid line)

and b) on NEG strip (dashed line).

Fig. 6 Pressure ratio (triangles) and NEG current (circles) vs. NEG

voltage.

Fig. 7 Partial Pressure ratios of COj, CH4, CO and Hj vs. NEG voltage.
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