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PRESSURE MEASUREMENTS FOR THE ISR AT CERN
J-M. Laurent, C. Benvenuti, F. Scalambrin

CERN, Geneva, Switzerland

Abstract: A total pressure gauge of the Bayard-Alpert type has been
developed for the 2 km ISR vacuum system which now operates at an
average pressure lower than 107° Pa (Np equivalent). Approximately
350 such gauges will finally be installed. Prior to installation,
all gauges undergo calibration on a specially designed vacuum sys-
tem which can handle 20 gauges in simultaneous operation and rou-
tinely yields ultimate pressures ranging between 1 and 3 x 107!0 Pa,
Calibration for sensitivity is carried out at higher pressures by
means of the dynamic expansion method. So far about 300 gauges

have been tested and 137 installed on the ISR. Their average
characteristics are : sensitivity for Ny 0.32 Pa~l (42 torr~!), pres-
sure equivalent to the residual current 2.4 x 10710 Pa, modulation
factor 0.86. These values are obtained with + 150 V and + 50 V

bias voltages on grid and filament respectively, and modulation from

grid voltage to ground.
INTRODUCTION

About 700 titanium sublimation pumps were
added over the last years to the ISR va-
cuum system in order to reduce pressure
and beam instabilities in presence of in-
tense proton beams /1/. As a consequence
the average pressure decreased from about
1078 Ppa (N2 equivalent) to below 1072 Pa,
i.e. below the measuring possibilities of
the pressure gauges which had been initi-
ally installed /2/. A laboratory inves-
tigation as well as clearing current
measurements in the ISR showed that pres-
sures in the low 10710 Pa range would
have to be measured /3/. Specifications
were subsequently written /4/ for new
gauges which, in addition to fulfilling
the more common requirements of reliabi-
lity, leak tightness, etc., had to pro-
vide reasonably accurate measurements at
these extremely low pressures. More
precisely the required low pressure
measuring uncertainty was better than

7 x 107!l Pa and the sensitivity high
enough to yield, at the operating elec-
tron emission current, an ion collector
current not lower than 7.5 x 107% A Pa~!
(or 107! A torr~!). The = 400 gauges
initially installed on the ISR were of
the Bayard-Alpert type (BAG) with modu-
lator and the choice of a gauge of dif-
ferent type would have required expensive
modification of the power supplies. An
investigation of the low pressure beha-
viour of the BAG gave the somewhat
surprising result that its sensitivity
remains practically constant when redu-

cing the collector diameter down to 25 u
provided that the grid structure is prop-
erly closed /5/. Since the reduction of
the collector diameter is accompanied by
a proportional decrease of the residual
current (I,) of the gauge, the pressure
equivalent to this current (Pr) can be
reduced such as to fulfil the ISR mea-
suring requirements. Extra benefits are
provided by enlarging the grid diameter,
as is made possible because of the size
(60 mm diameter) of the tubular connec-
tions in which the ISR gauges are insert-
ed. Larger grids present a two—-fold ad-
vantage. The decreased solid angle sub-
tended from the grid to the collector
results in a smaller value of IR /6/.
Furthermore, the gauge sensitivity in-
creases because the path of the ionising
electrons inside the grid is lengthened.

For all these reasons, a BAG was finally
selected for the ISR with a grid diame-
ter of 35 mm and a collector diameter of
50 p. The grid, 45 mm long and closed
at both extremities, is made with Pt-Ir
wires of 130 ¢ diameter and 2 mm pitch.
The 2 tungsten filaments have a hair-pin
structure to reduce the measuring limi-
tations produced by space charge /5/

and their distance from the grid is 3
mm. Two modulators (which are of tung-
sten, as is the collector) of 0.7 mm
diameter, are symmetrically placed at
30° with respect to the straight line
which joins the two filaments and the
collector.
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TESTING APPARATUS AND PROCEDURES

Prior to installation in the ISR all the
500 purchased gauges undergo a series of
acceptance tests, namely leak detection,
thermal cycling to 350°C (at least twice),
calibration for N, and Hy, measurements

of the modulation factor k (Redhead's
definition /6/), of the rate of degassing
during normal operation and of PR

To reduce the number of manipulations and
therefore the risk of pollution and acci-
dents, all these tests are carried out on
a unique vacuum system. The main require-
ments for this system are a very low ulti-
mate pressure (10710 Pa) and a reasonably
high testing rate (of the order of a gauge
per day). The calibration system is shown
schematically in Fig. 1. It consists of

a condensation cryopump /7/ to which two
vessels of spherical geometry, each fur-
nished with 10 gauge ports, are symmetri-
cally connected. The pumping speed of the
cryopump is about 27'000 ¢s~! for H, and
about three times lower fer N,. Its ulti-
mate pressure is about 1.5 x 1071l Pa. A
condensation cryopump is ideally suited
for this application because it provides
large pumping speeds which are indepen-
dent both of pressure and amount and nat-
ure of the pumped gases in the range from
10710 to 1073 Pa /7/. Rough pumping is
provided by a 120 2s~! turbomolecular pum-
ping station and by a 350 gs~! sputter ion
pump, which can both be valved off. The -
spheres have a diameter of 600 mm and a
surface area of approximately 1 m? each.
This large diameter is required for spa-
cing the gauges, thus avoiding mutual
influence.

Between each sphere and the cryopump a two
position moveable diaphragm provides ef-

ISR
[ GAUGES
FIXED
CONDUCTANCE, 7
=

L
DIAPHRAGMS.

POROUS PLUG.

—»
GAS INLET. oL
MANOMETER.

Fig. 1. The calibration system

fective pumping speeds on the spheres of
about 28 and 2500 ¢s~! for H, in the
closed and open position respectively. If
open, the diaphragm offers the large con-
ductance which is required to achieve a
pressure of about 10710 Pa at the level

of the gauges. This pressure is monitored
by two reference gauges of the Helmer

type to within 2 x 107!! Pa /8/. Addi-
tional information on the gas composition
at the ultimate pressure as well as on the
evolution of the partial pressures at the
various stages of the tests are provided
by two residual gas analysers of the qua-
dupole type. In the closed position the
diaphragm provides the small and known
conductance R28.4 + 2)4s”! for H2] which
is required for calibrating the gauges by
means of the dynamic expansion method.
This consists in injecting gas in either
sphere at known rate in presence of known
pumping speed, so defining a pressure to
which the readings of the gauges are com-
pared. The controlled injection rate is
provided by a plug, made of sintered sili-
con carbide, in which the small size of
the pores maintains a molecular gas flow
even when a pressure drop in the range of
one atmosphere is established across the
plug. The conductance of the plug is
therefore constant for variations of
pressures in a range where absolute and
precise measurements are possible by means
of a differential o0il manometer.

Calibration of the new gauges is carried
out in two steps. First, the reference
gauges are calibrated by the dynamic ex-
pansion method in the range 1075 to 107©
Pa with the new gauges switched off. The
uncertainty of this measurement, about 77,
is mainly due to the uncertainties in the
values of the conductances of the porous
plug and the diaphragm. Then the new
gauges are switched on and their sensiti-
vity is obtained, in the same pressure
range, by comparison with the reference
gauges. The reason for this double step
is that each gauge can provide pumping
speeds of a few #s~! for H, because of
dissociation of H, molecules which im-
pinge on the tungsten filaments. These
speeds are not negligible with respect to
the conductance of the diaphragm with the
result that the effective pumping speed
on the spheres is no longer known when
the gauges are in operation. The refer-
ence gauges are trouble-free in this res-
pect because dissociation does not occur
on their thoriated filaments. The esti-
mated uncertainty for the sensitivity of
the new gauges obtained in this manner is
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about 15%. However, the calibration un-
certainty does not affect the sensitivity
spread, which is directly obtained by
simultaneously exposing the 20 gauges of
each batch to the same pressure. This can
be done for instance by varying the tempe-
rature of the pumping surface of the cryo-
pump which had been initially saturated
with Hy. By this method any pressure in
the range from 10710 to 107* Pa can be
achieved and carefully stabilised for
indefinite times. The corresponding tem-—
perature variation of the He bath is from
2.3 to 4.2 K. The possible use of the
saturated vapour pressure of H2 as a
pressure reference is also being investi-
gated.

TESTING CYCLE

After reception the gauges are ultrasoni-
cally cleaned in an alcohol bath to re-
move dust particles which could stick to
the electrodes and carbonise during de-
gassing. After installation of the
gauges on the spheres the system is pum-
ped to 1072 Pa and leak detection is
carried out. Bakeout at 350°C follows
and a pressure of about 1078 Pa is achiev-
ed in two days (see Fig. 2). The cryo-
pump is precooled with liquid N,, and
then the liquid He is transferred and
cooled to 2.3 K by reducing the pressure
on the He bath to 50 torr. At this
stage, with all gauges in operation

(=4 mA emission current) a pressure of
about 2 x 10710 Pa is normally obtained,
which usually drops to slightly below
1010 Pa when switching all gauges off
(see Fig. 2). From this pressure vari-
ation the rate of degassing of the gauges
in normal operation is obtained. At the
ultimate pressure of the system the col-
lector currents with modulator at grid
and ground potentials are measured and

Iz is derived. The pressure PR equiva-
lent to this current is then obtained af-
ter measuring the sensitivities of each
gauge as described above. During the in-
jection required for calibration the
modulation factors k are also individual-
ly measured. After calibration a second
bakeout is carried out while pumping with
the cryopump. For the same temperature
cycle as shown in Fig. 2 this second
bakeout provides much lower pressures due
to the larger pumping speed now available.
Typically, a pressure of about 1077 Pa is
measured at 350°C on the spheres and the
degassing of the gauges is started at

~ 1078 Pa. This second bakeout has many
functions. It provides a second thermal

cycle to check possible appearance of
leaks subsequent to mechanical failure.
It permits gauges to be degassed at lower
pressures thus resulting, hopefully, in
lower residual currents. Finally, it
gives an indication of the evolution of
sensitivity after each degassing of the
gauges. In fact, the gauges are cali-
brated again after the second bakeout.
In addition to this normal cycle about
107 of the gauges have been cycled 20
times between 20 and 350°C to check the
dependence (if any) of the appearance of
leaks on ageing.

RESULTS

About 300 gauges have been tested so far
and 175 installed in the ISR. Statisti-
cal information given herein is relative
to these numbers. Only two leaks have
been found, both on the first batch of

20 gauges. The average degassing rate

for a gauge operating at 4 mA is 7 x 1071!!
Pa m3 s7! (5 x 10710 torr #s7!). This
degassing is mainly Hy, (957) desorbed by
the tube in which the gauges are inserted.

PRESSURE .
Torr. |Pa.
162
START HEATING (350°C).
-3 WHILE _PUMPING WITH
10° TURBOMDLECULAR PUMP.
SPUTTER-ION PUMP ON
0%
-5 TEMPERATURE REDUCTION (200°C)
10°4
lo-6“—10_ ¢
END OF DEGASSING.
104 55
HEATING OFF.
8| g
10°4 5
AUGE
g | DEGASSRG
1074 457
PRECOOLING OF THE
0] _g CRYOPUMP WITH LIQUID Ny
104 5
FILLING OF
LIQUD  He.
= .
'—109
=12 -0
01410 NEW GAUGES OFF.
-3
10 . ! A | ) . , TIME

. < 3 (days)

Fig. 2. The bakeout cycle
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These tubes heat up due to the power dis-
sipated by the gauge (about 10 W) and to
the presence of heating elements around
the tube which prevent cooling by air
convection. The residual 5% of the de-
gassing is CO which comes from the elec-
trode of the gauge. The average modula-
tion factor k is 0.86 with a standard
deviation for individual gauges o = 0.02.
The average sensitivity S for N, is 0.32
Pa~l (42 torr™l} witho= 0.033. For Hy,
S = 0.15 Pa”l (20 torr™!) with o = 0.017.
These values are relative to the standard
operating conditions, i.e. gauge inserted
in a tubular stainless steel connection
of 60 mm diameter and bias voltages of

+ 150 V applied to grid and of + 50 V to
filament relative to ground. However,
values as high as 0.45 Pa~! (60 torr~!)
were measurad when adjusting the voltages
for maximum sensitivity. This situation
is achieved when the orbits of the ioni-
sing electrons cross the grid cage at
right angles /9, 10/.

The average value of the pressure Pp equi-
valent to the residual current is 2.4 x
10710 Pa with ¢ = 1.2 x 10710 Pa, This
average value is about three times higher
than the lowest values consistently mea-
sured on a few of these gauges and which
are attributed to the x-ray effect. It
follows that Pp is mainly the result of
the collection of ions desorbed from the
grid under electron bombardment. Parti-
cular attention was devoted to determin-
ing the origin of this grid pollution
which was even more important for the
first gauges delivered. It was finally
attributed to O, released by a small glass
tube which protects the collector feed-
through. This tube was overheated during
degassing of the gauge because it approa-
ched too closely to the grid. Degassing
was therefore tending to pollute, rather
than clean, the grid. Drastic improve-
ment was obtained upon shortening this
glass tube, and the values of Py which
are now measured are about a factor of 2
smaller than specified. In fact, if one
assumes that the value of PR as obtained
by modulation is affected by 107 uncer-
tainty /11/, the low pressure measuring
uncertainty of these gauges is now in

the low 1071! Pa range.

USE IN THE ISR

The 175 new gauges which have so far
been installed in the ISR indicate an
average pressure, in the absence of cir-
culating proton beams, of about 8 x 10710
Pa. In the presence of beams they can
detect pressure variations smaller than
10710 Pa, and are extremely useful to lo-
cate the weak points of the machine, even
when the currents of the proton beams are
not yet critical. Also, their use has
clearly revealed a '"fine structure" of
the ultimate pressures as a function of
the various pieces of equipment which

are regularly distributed along the 2 km
long ISR vacuum system. Furthermore,

the pressure profiles in the sectors
which have been baked a few times,

after the replacement of the gauges, are
very reproducible and therefore even
small pressure changes from one bakeout
to the next can be used as an indication
to trigger specific action, as, for
instance, leak detection.
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