¢ Brookhaven

National Laboratory
BNL-102037-2014-TECH
AD/RHIC/125;BNL-102037-2013-IR

The Pumping of Helium and Hydrogen by Sputter-lon Pumps Part II:
Hydrogen Pumping

K. M. Welch

October 1993

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



. BNL-49596
AD/RHIC-125

Informal Report

The Pumping of Helium and Hydrogen by Sputter-Ion Pumps
" Part II: Hydrogen Pumping

K. M. Welch, D. J. Pate and R. J. Todd

October 1993

RHIC PROJECT

Brookhaven National Laboratory

Associated Universities, Inc.
Upton, NY 11973

Under Contract No. DE-AC02-76CHO00016 with the
UNITED STATES DEPARTMENT OF ENERGY



THE PUMPING OF HELIUM AND HYDROGEN BY SPUTTER-ION PUMPS*
PART II: HYDROGEN PUMPING

K.M. Welch, D.J. Pate, and R.J. Todd
RHIC Project, BNL, Upton, New York 11973.

ABSTRACT

‘The pumping of helium by various forms of sputter-ion pumps
(i.e., SIPs) is given in Part I.! The pumping of hydrogen in

diode and triode SIPs is herein discussed. The type of cathode

- material used in these pumps is shown to have a significant
impact on the effectiveness with which hydrogen is pumped.
Examples of this include data for pumps with aluminum, titanium
and titanium-alloy cathodes. Diode pumps with aluminum cath-
odes are shown to be no more effective in the pumping of
hydrogen than in the pumping of helium. The use of titanium
anodes and titanium shielding of a pump body is also shown to
measurably impact on the speed of a pump at very low pressures.
This stems from the fact that hydrogen is x10¢ more soluble in
titanium than in stainless steel. Hydrogen becomes resident in
the anodes because of fast neutral burial. Ions and fast
neutrals of hydrogen are also buried in the walls of pump
bodies. Outgassing of this hydrogen from the anodes and pump
bodies results in a gradual increase in pump base pressure and
consequential decrease in hydrogen pump speed at very low base
pressures.

*Work supported in part by the U.S. Department of Energy.



INTRODUCTION

There are three types of SIP configurations: i) conventional or
standard diode pumps; i) noble diode pumps; and, iii) triode pumps.
The varlety of presently available commer01al SIPs and their
pumping mechanisms are discused in detail elsewhere.? In brief,
the configuration of single-cell triode and diode SIPs is shown
in Fig. 1. The cathodes are customarlly made of some chemi-
cally active material. Gas is ionized in the hollow, Penning
discharge cells by sw1r11ng clouds of electrons. These elec-
trons are trapped within the cells by orthogonal electric and
magnetic fields. Gas ions bombard and sputter the chemically
active cathode material. The lighter gases, such as He and H,
do not effectively sputter the cathodes. Gases chemlcally
active with the cathode materials are pumped by chemisorption
and the inert gases by physisorption.
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Figure 1. Conflguratlons of single—cell diode and triode sputter—ion pumps.

If an energetic gas ion strikes a metal surface, there is a
probability that it will sfeal an electron from the surface, and
-rebound as an energetic neutral atom. These energetic neutrals
are reflected back from the cathodes and buried as neutrals in
exposed pump surfaces. If a gas is not chemically active with
the cathode material, it can only be pumped by burial as a high
energy neutral or gas ion. - Therefore, physisorption mechanisms
include the burial of cathode-reflected high energy neutrals
and ion implantation in the cathodes.

The only difference between standard and noble diodes is in
the selection of cathode material. 1In the case of the noble
diode, sometimes called DI® pumps, one cathode comprises Ti and
the second Ta. The Ta atoms in the one cathode serve as a
‘high-inertia crystal lattice for the reflection and burial of
neutrals in other surfaces.  In the conventional diode, - both
cathodes comprise Ti. The diode anode is operated at a posi-
tive voltage with respect to ground and the cathodes at ground
potential.



The triode anode - the word triode is a misnomer - is operated at
ground potential, and the cathodes at a negative potential with
respect to ground. The cathodes of triode pumps are somewhat
transparent to high energy neutrals created by .charge exchange
brocesses at these surfaces. Some of the gas. ions created in
- the discharge cell pick up an electron on impingement with the
cathodes, and pass on through the transparent grids as high
eénergy neutrals. These neutrals are implanted in the walls of
the pump, immune to subsequent sputter-desorption.

UNIQUE HYDROGEN PUMPING CHARACTERISTICS

In order to understand the pumping of hydrogen by SIPs, we must
first understand how the heavier chemically active gases are
pumped. When these gases are ionized and bombard the cathodes -
they very effectively sputter these surfaces. For example, the
sputter-yield of Ar ions on Ti - the ratio of the number of
atoms sputtered off the. cathodes to the number of bombarding
ions - is greater than unity at z 1 kev.:3 Therefore, chemically
active cathode atoms are liberally spewed onto the surfaces of
the anodes and juxtaposed cathodes. ' Later in the process,
these atoms chemically combine with neutral gas molecules. The
" 'preponderance of gas is pumped by chemisorption on the pump
-‘'anodes. Jepsen noted that the efficiency, 5, with which N, is
pumped is 0.25 - 0.5.4 The efficiency is merely the ratio of the
number of gas atoms removed from the system to the number of
ions bombarding the cathodes. ' '

Hydrogen pumping by SIPs primarily stems from diffusion into
the cathodes.® Molecular hydrogen ions bombard the cathodes,
. dissociate at the cathode surfaces, or at some modest implanta-
tion depth therein, and diffuse on into the bulk. Surface
oxides on the cathodes inhibit this process. 'The sputter-yield
for 7.5 kev H, ions on Ti is only ~0.011.¢® A moderate oxide
(or nitride) surface coverage on the cathodes inhibits pumping
by H, dissociation on the cathode surfaces. This effect is
illustrated in Fig. 2 wherein the H, speed of a pump with ~190
cm?® of cathode surface area is given as a function of the
amount of pumped gas.? At point "A" in this figure, the speed
of the pump is ~35% of the steady-state value (ie., point "cv).
This low initial speed is due to surface oxides. :

As the cathodes are sputter-cleaned by H, ions, the. speed
gradually increases to a value of ~160% of the steady-state
value (ie., point "B"), At this point y is found to be ~3.
This startling result indicates that hydrogen molecules are being
spontaneously dissociated at the cathode surfaces, and H atoms
are diffusing into the bulk. This effect was first reported by
Rutherford and Jepsen.?® They noted the spontaneous pumping of
H, by an SIP for almost 60 h after turning off the high voltage
supply. However, because of the low sputter-yield of H, ions,
even slight traces of a contaminant .gas such as co, co,, N,,
efc., will result in. an » < 1. The decrease in H, speed noted
after point "B" of Fig. 2 stems from complex H2 implantation
effects described elsewhere.?®
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Figure 2. Speed and quantity -of hydrogen
pumped with Ti—6A/-4V cathode material.

The above findings make evident the complexity of making mean-
ingful H, - speed measurements. Also, it is very difficult to
interpret published H, speed data of SIPs in the absence of
knowledge of partial pressures of other gases at the time of
the speed measurements. For obvious reasons, even slight
traces of argon in the H, gas will lead to inordinately high H,
speed results. For example, Rutherford noted that the H, speed
of a pump could be increased by x10 by first sputter-cleaning
the cathodes with argon.!° Conversely, slight traces of CO, CO,
or N, will result in decreases  in measured H, speeds over that -
of pure hydrogen. This in part may explain Singleton’s finding
that speeds of SIPs do not follow the I/P ratio of the dis-
charge at very low partial pressures of H,.!!

CATHODE MATERIALS

Gurewitsch and Westendorp first proposed the use of Ti . SIP
cathodes. They also proposed C, Mg, SS (ie., stainless steel)
and AL cathodes in single-cell SIPs in 1953.!2 Most quantita-
tive work to follow involved pumps featuring Ti cathodes. Many
papers indicated possible alternate cathode materials, but few
gave quantitative data related to these materials.  Rutherford
and Jepsen noted work with Zr cathodes.® 1In 1966 James and Tom
proposed combining one Ta and one Ti cathode in an SIP pump
element for noble gas pumping.!?® This cathode pairing and other
heavy metals paired with Ti was extensively studied.!* In 1961
Jepsen worked with a sintered cathode matrix material, compris-
ing Ti particles 10-25 microns- in -size, -for the purpose of
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enhancing H, pumping in SIPs.!5 In 1969 Singleton studied Hg
pumping in single-cell diode pumps with Ti and A4 cathodes.!?

He later reported on tests of single-cell diode pumps with Ta,
Ti, Zr, Mo, SS and Af cathodes, and reported that "... all
gave virtually the same pumping speed ..."!! In 1971 Tom
reported on the use of Mg/Ti cathode pairs in an SIP.!7 How-
ever, there were some technical problems associated with the
use of Mg, the solutions of which were fiscally unattractive.

Little quantitative work was done thereafter with alternate
cathode materials for H, pumping until Hill reported on the use
Ti-alloy cathodes.!® Hill was assisting Vissers with hydrogen
concentration monitors used for detecting water leaks into
sodium-cooled reactor heat exchangers.!® Instruments comprising
single-cell SIPs were coupled through Ni diaphragms to the Na
loops. In the event of a water leak into the Na loop the water
would dissociate and some of the resultant nascent hydrogen in
the Na would diffuse through the Ni diaphragm and into the SIP.
It was hoped that by monitoring the changes in the SIP current
one could thereby deduce the concentration of hydrogen in the
Na loop and be alerted of a water leak problem.

The problem with this scheme was that the pumping speed of
SIPs for H, varied so significantly over time that the pump
current was of marginal benefit in deducing the actual hydrogen
‘concentration in the Na loop. This problem was solved,?° and
work started in comparing the H, pumping characteristics of
various forms of titanium alloys.2?2! Three materials were
tested: 1) pure titanium; 2) Ti-6AfL-4Va alloy; and, 3)
Ti-10V-11Cr-3A4 alloy. These three materials are unique in
their respective diffusivities. The pure Ti, prior to H,
implantation, has an hecp crystal lattice; the Ti-6Af-4Va mate-
rial is referred to as an "a-gf alloy", the oa-phase comprising
an hep crystal lattice and the f-phase comprising a bcc crystal
lattice; the Ti-10v-11Cr-3aj alloy, referred to as
B-stabilized, has a bcc crystal lattice. Findings of H, life
tests of these materials are summarized in Table T.

Table I. Hydrogen speed and capacity for a water—cooled sputter—ion
pump with cathodes of different titanium alloys.

1 Hz PUMPED @ INITIAL3
MATERIAL  SPomnAl, END OF LIFE? DIFFUSIVITiES ENDOF-LIFE
Torr—{/cm? cm?/s
TITANIUM 20 15.8 5.0 x 107*  Diffusion Limited
Ti—6AL—4V 30 55.3 1.8 x 107° Diffusion Limited
Ti—10V—-11Cr—3A/( 50 84.2 5.0 x 1077  H, Embrittlement

Notes: 1) Speed measured at ~107° Torr.

2) Life data taken at a pressure of 1-2 x 107%
Torr, and with water—cooled cathodes.
‘3) Diffusivities decreased markedly with H, pumping.

The cathodes of the pumps were water-cooled, and speed measure-
ments were conducted.at a-pressure of ~10"* Torr. End of life
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in pumps with pure Ti cathodes and cathodes of the Ti-6A{-4Va
material stemmed from diffusion limitation. End of life of
pumps featuring the Ti-10V-11Cr-3Af material stemmed from
catastrophic shattering of the cathodes because of H, embrit-
tlement.??

PUMPS WITH ALUMINUM CATHODES

The present work with A4 cathodes started about three years
ago. Dr. Derek Lowenstein, the Brookhaven AGS Department Head,
found an article published in an obscure journal which cham-
pioned the benefits of the use of AL cathodes in SIPs. Because
of argon pumping instabilities in LINAC SIPs, we had just
incurred great expense for Ta to convert 30% of these pumps to
DI® diodes. We were asked: "Why not use Af{ cathodes in these
pumps?" We had reservations about H, pumping with Af cathodes.

About this same time Liu and his colleagues reported on the
stable pumping of gases, including H,, with a triode with at
cathodes.?® Liu’s results are shown 1n Fig. 3. The H, speed
data were reported as steady-state and taken under saturated
conditions. The H, results were very puzzling as the relative
solubilities for H, in the metals A£:SS:Ti are ~1:106:10!2.2¢
“From this we speculated that the steady-state pumping of H, in
. “the triode pump resulted from the burial of neutral hydrogen in

the SS walls of the triode pump.
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Figure 3. Nitrogen speed for a conventional triode

sputter—ion pump and nitrogen and hydrogen speed for .
a triode pump with grided aluminum cathodes (Liu).(19)

To test this hypothesis, we built and tested a diode SIP with
A4 cathodes. The pump comprised two elements having a total of
126, 20.3mm ¢ by 25.4 mm long anodes and a total projected
cathode surface area of 1176 cm?. At the time we were unable
to measure the amount and rate of H, being input to the systen.
Therefore, we had to use speed measurement data, using-a CERN
dome and calibrated Bayard-Alpert -gauge, to determine the
amount of H, pumped in- time. This diode-puimp proved extremely
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unstable when pumping H,, the speed was erratic and end of life
was manifest by pressure runaway. However, after a thorough
analysis of the data we concluded that we had pumped 2-4 Torr-A
of H, at end of life. This corresponds to an H, capacity of
1.7-3.4 x 107% Torr-f/cm?, and is comparable to findings of the
more refined He capacity measurements made with this pump at a
later date (ie., ~3.4 Torr-4 He prior to pressure runaway).! As
the result of these measurements we concluded that hydrogen and
He have comparable solubilities and diffusivities in Af.

We verified Liu’s results for the steady-state pumping of N,
with Al cathodes. Steady-state N, speed with Af cathodes at a
pressure of ~1077 Torr, and after pumping ~0.17 Torr-{ N,, was
140 £/s vs. 110 £/s with Ti cathodes. Also, we noted a steady-
state CO pumping speed, with the same Af cathodes, of ~110
A/sec at ~3.5 x 107® Torr after pumping ~10 Torr-{ of CO. .

ALUMINUM CATHODES AND TITANIUM AN ODES

Liu’s results, in conjunction with the above diode pump results
with AL cathodes, suggested that substantive quantities of H,
neutrals were being implanted in the walls of the triode punp.
These neutrals on subsequent outgassing would result in reduced
pump.speeds at very low pressures. '
. Andrews and others, using autoradiography techniques, estab-
lished that . significant amounts of inert gas neutrals are
buried in the anodes of pumps.2?5~2%8 This suggested to us that
- the same low pressure outgassing problem would hold true for H,
in diode pumps with SS anodes. That is, H and H, neutrals are
implanted in the anodes and thereafter outgas at low pressures,
thus reducing the speed at these low Pressures to values dis-
parate with known I/P values.

We modified the diode SIP described above to include new Al
cathodes and Ti anodes. We speculated that if H and H, neu-
trals were implanted in the anodes during H, speed measure-
. ments, even with A# cathodes, we should observe some low,
steady-state pumping speed after pumping 2-4 Torr-4 of H,.
This low steady-state pumping speed could only be attributable
-to H and H, implantation and retention in the anodes. The

refined apparatus used in making these experiments is described
elsevhere.!? : -

" As shown in Fig. 4, this proved to be one of those rare '

instances when one has a hunch about a complex mechanism, and
it proves to be the case. An initial H, speed of ~120 £/s was
observed. The speed gradually decayed to a value of ~6.6 L/s.
Thereafter it remained steady-state at this value even after
~15.28 Torr-f of H, had been pumped. Speed measurements were
conducted at pressures ranging from 10728 to 5 x 10™6 Torr. At
H, pressures >5 x 107¢ Torr the pressure tended to gradually
increase, indicating possible thermal runawvay due to desorption
of H, from the cathodes (ie, ~14 mW/cm?). At pressures <5 x
107¢ Torr the pump was totally stable. We continued these
speed measurements for several hundred hours and then concluded
the test. From these results we concluded that 5-6% of the
primary H and H, ions were reflected off the cathodes as neu-
trals and were buried in the anodes of the pump. :
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——_ments and a description of the measurement apparatus have
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Figure 4. Hydrogen pumping speed of a diode sputter—ion
pump with aluminum' cathodes and titanium anodes.

‘HYDROGEN BASE PRESSURE & SPEED MEASUREMENTS

“As reported, when pumping He with a large diode SIP 21.5% of
‘the He is buried in the walls of the pump.! This resmlt and the
above tests with Ti anodes suggested that the H, pumping speed

of a conventional SIP might be enhanced at low pressures if
this pump was constructed with Ti cathodes and Ti anodes, and

some effort was made to shield the SS pump body from stray H,

ions and neutrals emanating from the Penning - discharge. Also,
the base pressures of pumps with these features should be lower
after high pressure H, capacity tests or. subsequent to a high
temperature bakeout w1th the pump energlzed.

To test this hypothesis a direct comparison was made of the
speed and base pressures of: 1) a conventional 270 £/s diode
SIP with Ti cathodes and SS .anodes (ie., the standard pump hereaf-
ter); 2) an identical SIP featuring Ti-alloy anodes, and with-
out the benefit of pump body shielding. (Speed and base pres-

sure results of these tests were only marginally better than

that of the conventional diode. It was after these tests that
we stumbled onto the fact that about 1.5% of the pumped gas was
being buried in the walls of the pump body.); and, 3} the same
diode SIP but with Ti anodes and body shielding (L&, the shielded
pump hereafter).

The body shielding comprised ~1 mm thick Ti sheet. This
sheet was used to line the pm%zm of the SIP. The body was

shielded from line-of-sight ions originating in the Penning-

cells and first-bounce neutrals from reflected the cathodes.
This was done by leaning sheets of Ti on a diagonal %o the foot
of the element pockets. This left the top and dlagonal por-
tions of the sides of the pump plenum unshielded (ie, ~20% of
the pump body)

Comparisons of the standard and shielded pump were made with
the same pump body and magnetic circuitry, but the pump ele-
ments were new in each instance. Dimensions of the pump ele-

-8-
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previously described.?

Experiments were first conducted on the standard pump with
SS anodes. In each case we baked the pump at 250°C for ~48
hours into a turbopump.  Thereafter, at a temperature of
~250°C, the SIP was started, the turbopump valved out, and the
pump baked on itself at 250°C for an additional ~24 hours. The
H, base pressure of the system was limited after bakeout by the
H, speed of the pump and outgassing of the apparatus. All
pressure data were taken using the calibrated QRGA and are
given in absolute H, pressure. Frequent electron multiplier
gain measurements were taken, and the gain compensated. for in
the interpretation of the data. »

The series of H, measurements included: i) system base

pressure and pump speed measurements at various times
‘subsequent to the initial system bakeout; i) speed measurements
at ~107° Torr; ii) speed measurements at higher pressures in the
course of pumping fixed quantities of gas; i¥) system base
pressure and speed measurements subsequent to pumping specific
quantities of H,. The elapsed times and quantities of gas
pumped in each case were not identical as we took leave from
the apparatus from time-to-time. 1In all but one instance the
pumps were operated at 7.0 kV.
X Equations for calculating the speed of the pump did not
‘include a term which compensated for the base pressure of the
pump. The practice of including such a term when calculating
(and reporting) speed data is utterly nonsensical as it
obscures the real, useable speed of a pump at low pressures.
Results of the tests are given in Table II.

When measuring speeds at the system base pressures, H,
outgassing of the upper region of the CERN dome served as the
source of gas. The outgassing of the upper dome region was
determined by measuring the H, pressure difference across the
dome aperture. In the comments section of Table II., the total
outgassing from the dome is given. This number was arrived at
by assuming the total dome outgassing was proportional to the
total dome surface area. ,

The H, base pressure of the  standard pump 144 hours after
bakeout was 6.4 x 107!° Torr. Using the dome outgassing data,
we calculate that the speed of the pump was ~40 4/s at this
pressure. With all pumps, speed data were taken over extended
periods. 1In the case of the standard pump, the first high
pressure speed test was conducted at ~2.6 x 10”7 Torr. Prior
to measuring the speed, ~6.6 Torr-f of H, was pumped. Thereaf-
ter, speed data were taken until ~11.9 Torr-{ of H, had been
pumped. The gas source was then turned off and the gas intro-
duction system evacuated. The SIP pumped on the system for 43
hours, at which time the next base pressure measurements were
taken. Thereafter, successively greater amounts of H, were
pumped, efc. In instances when only a few speed datum were
taken, the average (ie., AVG.) of the data are reported. When
greater than eight speed datum were taken, the standard devia-
tions of the data are given (ie., o of Table II). With a value
of o < 5% we reported negligible (ie., NEG) data spread. '



Table II. Hydrogen base pressures and speeds at various pressures vs. the
quantity of Hz2 pumped for standard and shielded diode sputter—ion pumps.

HYDROGEN  Hz PRESS.  Hs SPEED [qq¢ mp HOURS

TYPE PUMP BASE PRESS. OF SPEED AFTER COMMENTS
Torr TEST —-Torr L/sec o Torr-L  TEST
6.4 x 1071 - ND®© - ~0 144  After 48 hr., 250°C Bakeout.
- 2.6 x 1077 223 35 6.6-11.9 -
1.6 x 107® - 25 - 11.92 43 Dome Q ~4.0 x 1078 Torr—-L/sec Hz.
Standard - 5.0 x 1077 207 NEG  57-74 -
270 L/sec 1.1 x 107? - 236 - 74.2 47  Dome Q ~2.6 x 1078 Torr—L/sec Hz.
Diode - 6.0 x 10°° 128 14  B81-117 -
1.1 x 1079 - 23.6 - 117.6 42 Dome Q ~2.6 x 1078 Torr-L/sec Hz.
8.3 x 10710 - 31.3 - 159.5 48 Dome Q ~2.6 x 1078 Torr-L/sec Ha.
1.8 x 107° - 128 - 159.5 ~49 Dome Q ~2.3 x 1079 Torr~L/sec Hz.
2.5 x 10710 - - - ~0 24 After 24 hr., 250°C Bakeout.
2.0 x 10710 - 413 AVG. ~0 47
- 2.9 x 107° 136 4.8 0.004 -
- 1.6 x 1077 185 6.7 ~0.23 -
- 3.6 x 10710 - 472 - 0.241 14 Dome Q ~1.7 x 1078 Torr-L/sec Hz.
Standard - 26 x 107° 1165 8.9 ~0.241 -
D?de% 739“ S M 0% 235 10 .6.3-8.6 -
Anodes & ~80% 93 X 10‘;‘J - - 28 45 8.65 16 i 4
Internal Body 4.5 x 107 - 46.7 - 8.65 39 Dome Q ~2.1 x 107° Torr—L/sec Hz.
Ti Shields - 2.6 x 107° 120 12 ~8.65 -
T 3.0 x 107 -240 12 55-61 -
5.4 x 10” - - - 61.91 28
4.0 x 10710 - 50.0 - 61.91 72 Dome Q ~2.0 x 1078 Torr-L/sec Ha.
4.2 x 10710 - 59.5 - 61.91 96 Dome Q ~2.5 x 1079 Torr-L/sec Hz.
- 2.6 x 107° 168  16.3 ~61.91 -
4.3 x 10710 - - - ~61.91 20 After 2nd 24 hr., 250°C Bakeout.

We conclude that there is a gradual deterioration in base
pressure of the standard pump as ‘a consequence of pumping
successively greater amounts of H,. There are two subtle and
competing effects in this regard.” On the one hand, the base
pressure of the pump will deteriorate as a consequence of the
burial of ions and neutrals in the pump anodes and pump walls.
This has the effect of increasing the H, outgassing from these
members, and thus decreasing the measured speed of the pump at
low pressures. On the other hand, the pumping of significant
amounts of H, eventually sputter-cleans the surfaces of the
cathodes so that the H, pumping efficiency, and -therefore
speed, increases markedly in time. Therefore, the base pres-
sure subsequent to the pumping of substantive quantities of H,
may or may not be lower than prior to this pumping depending on
the two competing effects. This explains why the base pressure
of the pump in the middle of the series of measurements
appeared to decrease as a consequence of H, pumping (ie, an
increase in pump H, speed), whereas at the conclusion of the
experiment, sufficient gas had been buried in the SS members of
the pump to overcome the benefits of increased H, speeds.
Results of the shielded pump test series indicated the
following: 1) The base pressure of the shielded pump, after
bakeout, was x2.7 lower than that of the standard pump. 2)
Subsequent to the pumping of substantive quantities of H, with
the standard and shielded pumps, - H, speeds in the low 10™% Torr
range were ~x10 dgreater with the shielded pump. 3) After
pumping ~0.24 Torr-f£ of Hz the speed of the shielded pump was
116 &/sec. This increased to 168 f£/sec at the same pressure
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(le., 2.6 x 107° Torr) after pumping ~62 Torr-{ of Hz. However,
the base pressure of the pump deteriorated by ~16%. 4)
Subsequent to pumping comparable quantities of gas, the base
pressure of the shielded pump was in all cases ~x3 lower in
pressure than that of the unshielded pump, and substantial
speeds were observed at the lower pressures.

CONCLUSIONS

From these tests we conclude the following: 1) The H, capacity
of a diode SIP with A¢ cathodes is ~1.7-3.4 x 1073 ‘I'orr-ﬂ,/cm2
2) This H, capacity is comparable to the same pump’s capacity
for He (Le, 2.89 x 1078 Torr-ﬂ/cmz) 3) Approximately 5.5% of
the hydrogen ions impinging on the cathodes of a diode SIP are
‘reflected and buried as neutrals in the anodes. 4) Substantive
quantltles of H,, in the form of reflected neutrals, -will be
pumped in the anodes of an SIP if the anodes are made of Ti or
a Ti alloy. 5) The use of Ti anodes is necessary but not
sufficient to eliminate low pressure H, outgassing effects. 6)
Substantiative quantities of ions and neutrals of gases are
buried in the walls of all SIPs. 7) Shielding the walls of an
SIP with Ti and constructing the anodes of this same material
will result in a 51gn1f1cant increase in pumping speeds for H,
‘at low pressures and thus improve on the base operating pres-
sures.
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