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1. Introduction

In electron storage rings a common solution for
meeting the pump requirements in the lcng and hence
conductance limited vacuum chambers, has been to install
linear ion pumps in the field of the bending magnets].
These pumps form an integral part of the vacuum chamber
and extend over that part of the machine circumference
which is subjected to the desorbing action of the
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tne vacuum system or LLP,
integrated ion pumps have alsc been prcposed?. However,
a particular problem is that these pumps must operate
at exceptionally low magnetic field levels-at injection
typically 0.02 Tesla.

We have investigated firstly the dependence of the
minimum field at which a pump cell of given size remains

ignited function of the pressure and the

............. pressure
veltage, taking as a measure of the pump performance
the discharge intensity I/P i.e. the ratio of pump
current and pressure. Secondly, using a calibrated
dome, the pumping speeds of various pump models were
measured as function of the pressure, cf the anode vol-
tage and of the applied magnetic field. The ignition
characteristics of pump cells with diameters ranging
from 34 mm to 60 mm were studied. The irtegrated pumps
have been designed for optimum conductance from the beam
pipe to the active pumping volume. For this reason, we
have constructed anode cylinders with perforated walls
or anode structures consisting of 3 or & metal strips
stacked in sandwich fashion with matching holes defining
the anode cylinder.
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2. Fump models

Because the total length of linear pumps in LEP
mounts to about 20 km, a
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has to be avoided and we attach great importance
design which is easy to prcoduce in large quanti-
and reliable in operation. These considerations
have determined the cheoice of diode pumps. A diode
pump is also preferred because of its compact con-
struction and because it uses more efficiently the
limited space in the gap of the bending magnets.
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The test pumps were designed to fit into an exis-
ting magnet 0.4 m long, with an aperture of 0.26 by
O 2 m Mha maAa ~F rmiiva
0.2 m. The pump made of pure

plates and spaced by 7 cm.
made of stainless steel,
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The height of the anode,

has been 4 or 5 cm depending

on the pump model. Since the magnet aperture was
sufficiently wide, three rows of anode cells were com-
bined into one anode structure of 27 to 30 cells in
total. A variety of different cell sizes from 34 mm
diameter up to 60 mm as well as various anode structures
have been tested.

sists of cylindrical cells made of thin-walled tubes.
For one cf the gumps, type G, perforated ancde cylinders
have been used with the aim of increasing the conduc-
tance between the beam pipe and the active pumping
volume.

Ag shown in Fig. 1, model C con-

The anodes of type P pumps have been assembled
from several layers of thin perforated steel plates
stacked with a spacing of several millimeters. The
holes have been obtained by a photographic etching me-
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boards. The diameter of the holes corresponds to the

anode diameter - a complete stack being electrically
equivalent to a conventional anode cylindexr. Two ver-
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sions of such sandwich type anodes with different hcle
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layers and with 40 mm holes,
layers and 40 to 60 mm holes.
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Fig. 1
from left,
perfeorations
50 mm holes and Ti-cathodes;

Arode configurations used for pump tests

anode assemcled from 5 layers with 40 mm

(5P40); linear pump with single row of

anode with 3 layers and

conventional cylinder ancde with
(C36).

40 mm holes (3P40),
36 mm diameter cells

3. Test apparatus

The pump elements were measured using a pumping
Fitted with a

csnead test dome
tegt dome 1tted with a

speed s om
conductance C. The pressure difference yields the pum-
ping speed S through the relaticn § = C tp/r. The

test pump assembly is mounted in a separate vacuum
chamkber attached to the measuring dome and mounted in

the dipole magnet. The magnet can be gowered to any
field value up to 0.22 T; it can be ramped to simulate
the acceleration cycle in LEP. During the preparation

of the system, which consists essentially of a bakeout

at 300°¢ for 24 hours, the vacuum system is pumped
successively by a mechanical pump group, a turbomolecular

diavhyaom of known
aiapnragm CI Xnoewn

ekt ar—i A oM

DL)U.L_LCL ion Muliip . LAICD!: PUILpS al <
valved off during pumping speed measurements. After a
bakeout, the total pressure with the 60 £/s sputter ion
pump is typically in the low 10710 torr range. The test
pump is powered from a DC regulated high voltage supply
adjustable between zero and 10 kV. Pump currents can

be measured from about 1072 A to 10 mA, the lower limit
being determined by the leakage current of the insula-

tors.
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ally used ceramic feed-

through insulator by glass the leakage currents could be
reduced to well below 1072 A at 6 xv.

After replacing the
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4. Dischaxrge characteristic at low magnetic field

Several authors have studied the Penning discharge
at low pressure and have proposed design concepts for
diede ion pumps operating in high magnetic fields“s>,

We have based our study on the work of W. Schuurman®«?
Assuming long Penning cells and a crossed field mobility

~AF the ala~tirens
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sroportional to w,_/BZ,
total collision frequency and B the applied magnetic
field, he derives expressions for the discharge intensity
I/P, for the ignition field, Bi, and for the transition
field B, to the high magnetic field mecde where the dis-

charge internsity reaches a maximum. At injection the
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integrated pumps in LEP will operate close to the ig~
nition field in the low magnetic field mode. Schuur-
man's result for the discharge intensity in a cell of
radius r and length £ can be put in the form

I/P = & |a (1)

where a and b are constants, v, /vt is the ratio of ion-
isaticon frequency and of the total collision frequency
and v is the electron velocity corresponding to the

ionisation pctential of the gas molecules. The Qis-
charge ignites for —— 8 m Ve Approximately",
i 3 e vy

By = 3 107" Tm. However, we observe significant vari-
aticns of this product with different anode structures,
with pressure, see Fig. 2, and with anode voltage, Fig. 3-
The pressure dependence of Bjr in Tig. 2 can be fitted
by the relation Bjr = 2 107 b - 3.5 10-% log e.
Furthermore, our rebult% obtained with the sand—

wich type anode of 40 to 60 mm diameter support at con-
stant p a scaling ¢Pp; = const., with n = 0.53. &
particularly low starting field can be observed with
the sandwich type pumps, 3P and SP. Here the electron
orbits appear not to be limited to the anode diameter
resulting in an effective cell radius which is larger
than for a cylinder anode. Some of our observations
would indeed suggest that at very low fields the dis-
charge does not remain confined to individual cells but
rather fills uniformly the whole anode volume. The
cptimum anode voltage to ignite the discharge at low
field has been found to be between 2 and 3 kV.

At transition to the high magnetic field mode the
discharge intensity reaches a maximum . The transition
field depends on the anode voltage U and is related to
the ignition field through th = 2(U/V)Bi/r. Hence
lowering the ignition field by increasing v, also
lowers B, and the maximum discharge intensity. Within
limits this loss can be compensated by increasing U.
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Fig. 2 Bjr versus nitrogen pressure for various anode
configurations with 6 kV anode voltage.
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5. Results of pumping speed measurements

The dependence of the
netic field, voltage, cell
bakeout temperature and cn
been studied. The pumping
magnetic field is shown in

pumping speed on the mag-

diameter, anode structure,
operating conditions have

speed S as function of the
Fig. 4.

All curves exhibit an approximately linear rise of
S at low magnetic field followed by a maximum at the
transition to the high magnetic field mode ? The high-
est pumping speed has been observed with the pump model
S5P. We attribute the low speed of the model 3P to the
fact that the anode is not sufficiently closed to con-
fine the discharge.

The existence of an optimum anode voltage for a
given magnetic field is illustrated in Fig. 5. The
requirement of a low anode voltage for igniting the
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FPig. 4 Pumping speed for nitrogen versus magnetic

field for various anodes including a perfcrated
cylinder anode of 36 mm diameter (type G).



discharge at low magnetic field and of a high voltage to
increase By and hence the pumping speed at high field,
leads tc a pump voltage increasing proporticnal with the
magnetic field. For the linear pumps of LEP, optimum
performance would imply an increase of the anode voltage
from about 2 kV at the injection field to 6 kV at the
full field. The conditioning of the pump, in particular
the bakeout temperature has a significant effect on the
pumping speed, as shown in Fig. 6. Following a 200%
bakeout, which can be considered acceptable for an alu-
minium vacuum chamber, the effective pumping speed is
only 80% of the value for a 300°¢ bakeocut; this is re-
duced to 50% for a bakeout at 150°C. We have observed
a similar important reduction in pumping speed for a
pump operating above ambient temperature. In fact, af-
ter a 300°¢ bakeout, only 60% of the initial speed re-
mains when the temperature of the pump is increased to
100°C. For the integrated pumps in LEP, which are ex-
posed to large amounts of scattered synchrotron radi-
ation, this effect may become important unless adequate
cooling of the pump elements is provided.

Between the different pump models we have observed
large variations of the ratio between measured values
of pumping speed and discharge intensity. Typical re-
sults for 34 mm cylinder cells and for 40 mm sandwich
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Fig. 5 Pumpirg speed for nitrogen versus anode vol-
tage for different magnetic fields. Measured with an
arode cf 27 cylinders of 40 mm ciameter and 50 mm
length (type C40).
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Fig. 6 Pumping speed for nitrogen as function of
arode voltage for different bakeout temperatures
measured with a 5P50 type anode at 0.1 T.

type anode cells are presented in Fig. 7. Our results
obtained with cylinder cells are in good agreement with
the average values of 0.075 quoted for diode sputter
ion pumps®. However, for the same operating conditions
the pump elements 5P yield about twice this value. The
large discharge intensity of this anode structure pro-
vides a more than proportionally higher pumping speed
than the cylinder type anode (see Fig. 4).
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Fig. 7 Ratic of pressure to discharge intensity (SP/I)

versus magnetic field at
type anode, curves A,B,C
D,E,F. Curves A,B,C show

107" torr nitrogen for a 5P40
and a C34 type anode, curves
the effect of the anode voltage,

metal sheets.

respectively 4,6 and 8 kV, after a 300°C bakeout.
Curves D,E,F show the effect of the bakeout temperature,
3009c, 200° and 150°C.

Summary

Measurements of the ignition characteristic of
large diameter anode cells indicate a more than propor-
tional increase of cell radius for a given reduction of

B, - Censiderations of conductance have lead to an open

anode configuration with several layers of perforated
The pumping speed is found to be larger
than for anodes with conventional cylinders. Moreover,
since the electrons can move more freely inside the
anode the discharge ignites at a lower magnetic field.
Scaling from our measurements on model pumps, we expect
to obtain with a single row of anode cells, designed to
ignite at a field below 0.02 T, a linear pumping speed
cf about 60 &/sm at a transition field of about 0.1 T.
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