
Appl. Sci. Converg. Technol. 25(6): 108-115 (2016)

http://dx.doi.org/10.5757/ASCT.2016.25.6.108

108

Ion Pump Design for Improved Pumping Speed at Low Pressure

Chiara Paolinia*, Mauro Audia, and Mark Denningb

aAgilent Technologies Italia S.p.A., Via Fratelli Varian 54, 10040 Leinì (Italy)
bAgilent Technologies, Inc, 5301 Stevens Creek Blvd, Santa Clara, CA 95051-7201, USA

Received September 26, 2016; revised October 16, 2016; accepted October 17, 2016

Abstract  Even if ion pumps are widely and mostly used in ultra-high vacuum (UHV) conditions, virtually every

existing ion pump has its maximum pumping speed around 1E-6 mbar (1E-4 Pa). Discharge intensity in the ion pump

Penning cell is defined as the current divided by pressure . This quantity reflects the rate of cathode

bombardment by ions, which underlies all of the various pumping mechanisms that occur in ion pumps (chemisorption

on sputtered material, ion burial, etc.), and therefore is an indication of pumping speed. A study has been performed

to evaluate the influence of magnetic fields and cell dimensions on the ion pump discharge intensity and consequently

on the pumping speed at different pressures. As a result, a combination of parameters has been developed in order to

design and build an ion pump with the pumping speed peak shifted towards lower pressures. Experimental results with

several different test set-ups are presented and a prototype of a new 200 l/s ion pump with the maximum pumping

speed in the 1E-8 mbar (1E-6 Pa) is described. A model of the system has also been developed to provide a framework

for understanding the experimental observations.
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I. Introduction

Conventional ion pumps usually provide the maximum

pumping speed at 1E-6 mbar (1E-4 Pa), while they are

widely used as main pumps in high vacuum (HV) and

ultra-high vacuum (UHV) applications, in the pressure

range of 1E-8 mbar (1E-6 Pa) or lower. The goal of this

work was to individuate a set of values of the different

parameters influencing the operational efficiency of an ion

pump in order to optimize its performance, with a specific

focus on the pumping speed at low pressure. In order to

test several parameters in a wide range of values and to

obtain reliable and consistent results, we concentrated our

attention on characterizing the ion pump discharge

intensity, the ratio of discharge current to pressure.

A detailed description of the complex physical

phenomena that take place inside an ion pump is beyond the

purpose of this paper and we refer the reader to the large

number of publications available in literature [1-3]. In a

very simplified way, we can say that the basic component of

an ion pump is the Penning cell, inside of which a cold-

cathode gas discharge exists. Electrons, trapped via static

electric and magnetic fields, are generated through

ionization of gas particles and through secondary electron

emission resulting from ion bombardment of the cathodes.

Apart from their role in maintaining the discharge, the

main function of the electrons is to produce ionization of

neutral gas atoms and molecules, including the

dissociation of complex molecules such as water vapor

and hydrocarbons. Once generated, the ions give rise

to pumping mainly through sputtering which provides a

continually refreshed chemisorption surface, but also via

burial, both of electric-field-accelerated ions burial and

energetic neutrals produced by glancing incidence of ions

on the cathode. Therefore, the number of molecules that

can be pumped is a function of the number of the ions

bombarding the cathode, providing that their energy is

sufficient to cause sputtering. The sputtering yield is

defined in fact as the number of target atoms removed per

incoming ion. If Q is the throughput (that is to say the

number of molecules pumped per time unit) and I is the ion

current, then:

where h is a constant depending on the parameters of the

pump, referred to as the “discharge pumping efficiency”

[2]. For the definition of pumping speed S we also have:

The above equation clearly shows that the pumping

speed is proportional to the ratio , as is well known

[4]. This explains why the optimization of this quantity for

the Penning cell becomes so important. The current to
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pressure ratio depends on several parameters, such as

voltage Va, magnetic field B, electrode geometry (e.g. the

cell radius r) and materials (via the sputtering yield),

species of gas, and pressure P. Some of these parameters

have a mutual dependence; their combination defines

different discharge intensity “modes”, that were qualitatively

described in the form of a mode diagram, first proposed by

Schuurman [3] and then modified by Hooper [5], as a

function of anode voltage, pressure and magnetic field.

Typically, only two of these discharge modes are

significant for ion pumps working in the region of high and

ultra-high vacuum, the Low and High Magnetic Field

(LMF and HMF) modes. According to classical Penning

cell theory, in the LMF mode the potential profile in the

cell is strongly deformed by the space charge of an electron

cloud spread out over the whole volume of the cell. In the

HMF mode there is a field-free plasma region around the

axis of the cell and a cloud of electrons in the form of a

sheath adjacent to the anode. The highest ion pumping

speed is achieved at the transition to the HMF mode. In the

LMF mode the speed increases with the magnetic field

strength (proportionally to B2). Using a semi-empirical

formulation, Hartwig gives the value of the magnetic field

at which the transition from LMF to HMF occurs, as

function of voltage and pressure [6]:

Originally, Schuurman presented this theoretical model

for Penning cell modes, assuming that the electron

transport was dominated by classical cross-field mobility,

in which electrons diffuse across the magnetic field

through collisions with neutral particles (so-called “normal

diffusion”). Using this assumption, Schuurman was unable

to achieve satisfactory agreement with experimental data in

the HMF regime, attributing this to instabilities (which can

result in so-called “anomalous diffusion”). Later, Redhead

revisited this issue, emphasizing that indeed instabilities, in

particular the diocotron instability, will dominate electron

transport and loss at very low pressures [7]. The diocotron

instability occurs in magnetized devices when a distribution

of electrons produces a space charge that results in electric

fields (E) of opposing directions [8]. The resulting E × B

drift leads to shear and vortex formation [9]. (E × B drift is

the essential phenomenon that enables magnetrons to

generate microwave power through a rotating electron

cloud.) Anomalous diffusion is empirically addressed by

Hartwig by incorporating an exponential dependence of the

current on pressure with an exponent somewhat higher than

unity (P1.2) [6]. In the early days of ion pump development,

before the adoption of turbo pumps, they were commonly

operated at relatively high pressures in which collisions are

frequent. Consequently, early theoretical treatments focused

primarily on this regime. Ion pumps are now operated

overwhelmingly in the UHV regime. Understanding and

improving pump performance will require consideration of

theories that are valid at these pressures.

This not-exhaustive introduction makes us understand

how challenging prediction and modeling of the discharge

characteristics and pumping speed can be. For this reason,

the optimum design of the ion pump has been often

determined by phenomenological considerations rather

than by fundamental functions.

II. Materials and Methods

As a first step, we performed an extended test campaign,

by measuring the dependence of the current to pressure

ratio on the magnetic field and on the diameter of the cells

composing the ion pump anode. The measurements were

carried out also at variable voltage (at 3, 5, and 7 kV). 

A sketch of the setup is shown in Fig. 1. We built a

special ion pump body, which was specially configured to

easily mount and dismount a diode element composed of

two titanium plates, acting as cathodes, and an anode made
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Figure 1. Sketch of the experimental setup used for current to
pressure ratio measurements, showing: 1) vacuum chamber
equipped with UHV24 gauge, variable leak valve and support
ion pump; 2) special ion pump body with electrical
feedthrough; 3) electromagnet poles; 4) diode element; 5) valve
for connection to backing pump.
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of ten identical Penning cells. The vacuum system was

evacuated by means of a backing turbo-pumping system;

then the support StarCell ion pump was switched on and

the system was isolated from the turbo by means of an all-

metal valve. The complete vacuum system was then baked

at 200 oC for at least 12 hours. The pressure reached after

this bakeout at mild temperature was in the medium/high

1E-10 mbar (1E-8 Pa) pressure range. The measurements

were performed by injecting nitrogen into the chamber

through the variable leak valve and by acquiring the value

of the current drawn by the ion pump at different pressures.

Several elements were tested, by varying the anode cell

diameter from 12 to 28 mm. The cell height and the gap

between anode and cathode were always kept constant.

Every time that the system was exposed to air to change

the element, the bakeout procedure was repeated.

Moreover, the external magnetic field was varied from

1000 gauss to 2200 gauss by means of an electromagnet

(model LEP/100-4S, whose poles have a 120 mm diameter).

The field is produced by a current in twin coaxial excitation

coils and shaped by iron pole pieces, to produce a field in the

air gap. In the air gap we placed the pocket of the ion pump

inside which the ion pump element is located. The magnetic

field provided by the electromagnet in the direction

perpendicular to the poles is very uniform; the maximum

field deviation at 4 cm from the pole center is much less

than 10%, at 5 cm is <15%. The design of the special ion

pump body was optimized in order to guarantee the radial

alignment of the element with the center of the poles.

Based on the results obtained during the first test stage,

as a second step a special 200 l/s ion pump was built, in

which the diameter of the anodes was chosen based on the

experimental campaign to be the most promising for our

application. Different possible pole piece configurations

were evaluated before building this prototype, by means of

the simulation software FLUX, developed by Cedrat. The

most efficient configuration, in terms of both field

maximum value and uniformity along the anode area, was

then applied to the pump and tested. This engineering work

was done in the attempt of shifting the pumping speed

maximum value into the pressure range around 1E-8 mbar

(1E-6 Pa). The pumping speed performance of the pump

was evaluated by means of a Fischer-Mommsen dome

[10], according to the norm DIN28429.

III. Results and Discussion

Due to the large amount of data that we acquired, we will

report here the data that we consider the most significant for

the understanding of the phenomenon under investigation.

In particular, we will focus the attention on the pressure

range around 1E-8 mbar and below, where ion pumps are

today typically used (and often also started). In the past the

need to ignite and use ion pumps at high pressure was due

to the fact that they were directly connected to the primary

pump; thanks to the invention of turbomolecular pumps,

this practice, that could affect the pump lifetime, is no

longer necessary.

Moreover, we will investigate those magnetic fields that

are typically applied to ion pumps or that could be

reasonably applied to them without requiring an excessive

increase of weight (or cost) or a reduction of the distance

between the magnets not compatible with the typical

dimensions of an ion pump pocket.

1. Discharge intensity and magnetic field

Our first observation is about the influence of the

magnetic field strength on the discharge intensity. For cells

of small diameter, at all tested voltages (5 and 7 kV) the

increase of the magnetic field component parallel to the

cell axis causes a significant shift of the  curve

towards higher values, as shown in the graph of Fig. 2(a),

referring to an anode composed of 10 cells with 12 mm

diameter. The increase is particularly significant around

1E-8 mbar (1E-6 Pa). At 7 kV the improvement effect is

remarkable for anodes with cell diameter up to 20 mm (see

Fig. 2(b)), while for anodes composed by bigger cells

(24 mm and 28 mm diameter, see Fig. 3(a)) a flattening of

the  curve is observed, for magnetic field values equal

or greater than 1200 Gauss. At 5 kV, as shown in Fig. 3(b),

an analogous flattening occurs, not only for 24 and 28 mm

anodes, but also for the 20 mm cells if the applied

magnetic field is greater than 1400 Gauss.

It is useful to also apply the theory presented by
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Figure 2. Current to pressure ratio as a function of pressure,
measured at 7 kV for an element whose anode is composed of
ten cells with (a) 12 mm and (b) 20 mm diameter. Each curve
refers to a different value of applied magnetic field.
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Schuurman to these measurements to analyze the operating

behavior of the Penning cells as a function of the applied

magnetic field. To perform this analysis, the measured

current, originally taken at various pressures, was used to

generate interpolated values of current as a function of

magnetic field at arbitrary given pressures. Hartwig defines

the transition point from the LMF to the HMF to be the

peak in the discharge intensity as a function of the

magnetic field. This definition is adopted for our data

analysis. The transition from the LMF to HMF mode is

evident throughout the data. Due to limitations of the

electromagnet used, the magnetic field window (1000 to

2200 G) is more narrow than that provided by Schuurman

(approximately 300 to 4250 G). Nevertheless, within a

given set of measurements, a rising, falling, or a rising then

falling current is seen as a function of magnetic field which

is consistent with the predicted behavior.

Fig. 4 shows the current versus magnetic field at various

Penning cell diameters for Va=3 kV and P=1E-7 Torr

(1.33E-5 Pa). The pressure is here expressed in Torr units,

in order to allow an easy direct comparision with

Schuurman data. For each diameter, a quadratic fit was

done to estimate the transition magnetic field (Bt). It is

evident that Bt is an inverse function of the cell radius. As

shown in Eq. 1 from [6], this is the predicted behavior

using Hartwig’s semiempirical formulation. Fig. 5 shows

Bt as a function of diameter, along with a least squares fit

using a 1/r dependence. The theoretically predicted Bt is

also shown, for the given pressure and Va. The measured Bt

is significantly higher than the predicted value, but does

exhibit 1/r dependence.

Similarly, Fig. 6 shows the current versus magnetic field

at various applied voltage, for 16 mm diameter cells and P

=1E-6 Torr (1.33E-4 Pa). As stated above, we use here Torr

units in order to allow an easy direct comparision with

Schuurman data. For each voltage, a quadratic fit was done

to estimate the transition magnetic field (Bt). In this case, Bt

is predicted to be dependent on the square root of Va. Fig.

7 shows Bt as a function of Va, along with a least squares

fit assuming a dependence on square root of Va. Though

closer in agreement to the theoretical value compared to

the measured Bt versus diameter case, the measured Bt

versus voltage is again higher than expected. The reason

for this discrepancy is not immediately clear. Since the

mode transition point from LMF to HMF represents the

peak in discharge current, these measurements are used to

guide our design of ion pumps and therefore optimize

pumping speed. The conclusion is that, depending on the

Figure 3. Current to pressure ratio as a function of pressure,
measured for an element whose anode is composed by ten cells
with (a) 24 mm (7 kV applied) and (b) 20 mm diameter (5 kV
applied). Each curve refers to a different value of applied
magnetic field.

Figure 4. Current versus magnetic field for various Penning
cell diameters. Solid lines are quadratic fits to the data. X’s
and dashed lines indicate maxima in the I vs. B curve which
indicates the transition from LMF to HMF mode.

Figure 5. LMF to HMF transition magnetic field (Bt) as a
function of Penning cell diameter. Solid line is a least squares
fit to a 1/r function. Dashed line is the predicted Bt vs.
diameter in which Bt is proportional to the inverse of the cell
radius [6].
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cell diameter, the strength of the applied magnetic field can

give an important contribution to the increase the pumping

speed, to which, as already stated above, the discharge

intensity is directly related. 

2. Discharge intensity and cell diameter

On the other hand, another factor to be taken into

account during the investigation of parameters affecting the

discharge intensity is that, at low pressure, we measured

the highest values of current to pressure ratio for anodes

made of cells with larger diameters. This last information

must be anyway weighted by the obvious observation that

ten cells of 24 mm diameter need more space that ten cells

of smaller diameter, e.g. 20 mm; in this particular case the

ratio between the areas is about 1.4 (that is to say at least

40% of more space needed). In other words, given the

dimension of the ion pump pocket in which the element

has to be placed, it is worth carefully evaluating if it is

more convenient to place inside it more cells of smaller

diameter, but providing individually a lower contribution to

the discharge intensity, or less cells of bigger diameter,

each one supplying a higher discharge intensity value. 

Looking at the measurements under another perspective,

the plots of the data at constant magnetic field can be

commented as follows. At 1000 Gauss, that is the typical

magnetic field in which boundary cells of the anode are

immersed, the  curve behaviour clearly shows an

improvement with the increase of the diameter of the cell.

The data shown in Fig. 8(a) were measured at 7 kV but the

same trend was observed at 5 kV. At 1200 Gauss, that is

the maximum magnetic field usually measured in the

central region of the pockets for the majority of

commercial ion pumps, both at 5 kV (see Fig. 8(b)) and

7 kV (not shown) anodes with 24 and 28 mm cells exhibit

a flat and significantly higher value (almost the double in

average) of the current to pressure ratio for pressures

between 1E-9 mbar and 1E-8 mbar. At 1400 Gauss, 7 kV

applied, 24 and 28 mm still perform better for pressures

below 1E-8 mbar (by a factor 1.7 in average with respect

to the 20 mm), while, always at 1400 Gauss, but with 5 kV

applied, the flat behaviour at low pressures is observed also

for the 20 mm cells, as plotted in Fig. 9(a). At 1600 Gauss

(see Fig. 9(b)), the flattened performance is observed at

low pressure, both at 5 and 7 kV applied, for diameters 20,

24 and 28 mm. The “plateau” effect becomes more and

more evident for increasing fields, as put in the evidence in

the graph of Fig. 9(c), referring to an applied magnetic

field of 2000 Gauss.

A clear trend can be seen in the data, in which the

discharge intensity remains flat across some range of
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Figure 6. Current versus magnetic field for various applied
voltages. Solid lines are quadratic fits to the data. X’s and
dashed lines indicate maxima in the I vs. B curve which
indicates the transition from LMF to HMF mode.

Figure 7. LMF to HMF transition magnetic field (Bt) as a
function of applied voltage. Solid line is a least squares fit to a
square root function. Dashed line is the predicted Bt vs.
applied voltage in which Bt is proportional to the square root

of the applied voltage [6].

Figure 8. Current to pressure ratio as a function of pressure,
measured for an element whose anode is composed by ten
cells, with (a) 7 kV, 1000 Gauss applied and (b) 5 kV, 1200
Gauss applied. Each curve refers to a different value of cell
diameter.
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higher pressures (indicating a linear change of current with

pressure), and then begins to drop as the pressure is

reduced (indicating nonlinear behavior). Linearity persists

to lower pressures both as the diameter of the cell

increases, and as the magnetic field increases. Considering

only diffusion, whether normal or anomalous, a cell with a

smaller radius will experience higher electron losses at the

anode, all else being equal. A higher magnetic field will

reduce collisional cross-field diffusion and also reduce

anomalous diffusion, suppressing electron losses even at

lower pressures. Depending on the pressure range in which

the transition to nonlinearity occurs, normal collisional or

anomalous diffusion may dominate. The transition is also

likely to be a consequence of additional dynamics,

involving the electron space charge, the rate of volumetric

ionization and secondary electron production from the

cathode, and instabilities. From the perspective of ion

pump design, maintaining linearity to the lowest possible

pressure is desired.

If we now try to translate all these results into guidelines

on how to design an ion pump for which the discharge

intensity (and consequently the pumping speed) will be

optimized around 1E-8 mbar (1E-6 Pa) and below, we can

draw some conclusions:
● The first point is to provide a high and uniform

magnetic field. The goal value is 1600 Gauss, to be applied

to a number of anode cells as large as possible, therefore

including also the boundary cells.
● It is reasonable to immediately discard the 28 mm

diameter, due to the “space” reasons already mentioned

above: it would allow in fact to accommodate less than a

half of the cells with respect to the 20 mm diameter for

which performance per cell is not dramatically different.
● If we focus the attention on the two cell diameters (20

and 24 mm), that demonstrated to provide the highest

current to pressure ratio at 1E-8 mbar (1E-6 Pa) and below,

and we also take into account that in that pressure range

typically ion pumps are switched by step-mode functions

from 7 to 5 kV operating voltage [11], we understand that

the use of cells with diameter close to 20 mm, instead of

24, would provide the valuable advantage of allowing the

accommodation of more cells in the ion pump pocket. It is

worth noticing that a “side-effect” of using cells of smaller

diameter is that the titanium sputtered during the pump

operation has a larger surface available for coating. The

same amount of titanium will therefore cover the inner

surface of the cells with a thinner film, consequently

reducing the risk of peeling effects that could take place

after prolonged operation

3. Pumping speed measurements 

Based on the above considerations, we decided to build

an ion pump prototype, that was equipped with four

pumping elements. The diameter of the cells in the anodes

was chosen to be close to 20 mm; a slight reduction of the

diameter with respect to the nominal value that was in fact

introduced, in order to optimize the number of cells in each

element, while preserving a conventional pocket depth.

This ion pump was designed with the aim of reaching a

target performance of about 200 l/s (saturated pumping

speed for nitrogen) at low pressure and in a compact

volume. Moreover, a long and in-depth analysis of the

magnetic field configuration was carried out by means of

a powerful simulation software (FLUX). The goal was of

course to obtain an even distribution of the magnetic field,

with values of the component parallel to the cell axis close

to 1500-1600 gauss.

If the magnetic field is either nonuniform or misaligned

with the cell axis, the confinement of the electrons and

therefore the efficiency of the device can suffer. Kriesel

performed experiments in which a transient asymmetry

was introduced to the anode wall potential and observed

enhanced radial electron transport in two regimes, one in

which the transport is dependent on the inverse square of

the electron cloud “rigidity” (the ratio of the axial bounce

frequency to the azimuthal E × B drift frequency), and one

in which it is independent of B [13]. While this asymmetry

was in the electrostatic field, an equivalence between the

Figure 9. Current to pressure ratio as a function of pressure,
measured for an element whose anode is composed by ten
cells, with (a) 5 kV, 1400 Gauss applied, (b) 7 kV, 1600 Gauss
applied and (c) 7 kV, 2000 Gauss applied. Each curve refers to
a different value of cell diameter.
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electrostatic asymmetry and an effective magnetic field tilt

was described. Garner [14] used a 1-D computational

particle model which predicted the failure of magnetic

insulation of planar diodes (in a crossed-field configuration)

resulting from even slight misalignment of the magnetic

field (~1o). Fine performed experiments showing that

transport rates are a function of magnetic field misalignment,

which causes both in a drop in momentum of the electron

cloud and in the peak central density [15]. It was shown that

the sensitivity to this tilt drops quickly as the magnetic field

is increased (proportional to 1/B2). Kervalishvili and

Kortkhondzhiya showed that the discharge current is a

significantly lower when there is even a small angle (~1o)

between the magnetic field and the axis, for both Penning

cells and magnetrons [7]. These various experiments and

simulations illustrate the importance of providing a

uniform and aligned magnetic field to any crossed-field

device, such as the Penning cell. Failure to do so will mean

enhanced radial transport and loss of electrons, reducing

the rate of ionization and therefore reducing the pumping

efficiency.

The goal of a uniform magnetic field was reached by

placing some additional magnets below the ion pump

pockets, as hightlighted by arrows in the cut-away of Fig.

10. A similar solution is already implemented in some

special ion pumps typically used for application in Scanning

Electron Microscopes [12]. In Fig. 11, the simulated

distribution of the component of the magnetic field parallel

to the cell axis is shown, in the form of isovalues, referring

to conventional (Fig. 11(a)) and optimized (Fig. 11(b))

configurations. Thanks to the addition of these magnets,

with respect to the conventional configuration a larger

portion of the anode area lies in a region of high magnetic

field. The weight of the pump is increased by these

additional magnets, but this potential shortcoming is for

sure overcome by the advantage in magnetic field intensity

and uniformity.

Furthermore, the simulation work showed that for large-

size ion pumps (pumping class greater than 100 l/s), such

as the one we tested, the “closed-yoke” configuration, that

is to say with all the sides of the polepiece closed by iron

plates, is more efficient in reducing the stray field with

respect to the “open-yoke” configuration, where two pump

sides are simply covered with plates of magnetic stainless

steel. This second solution could in fact cause trouble in

applications sensitive to stray magnetic fields.

We characterized the performance of our improved-

design ion pump by measuring its pumping speed for

nitrogen, according to the standard procedures described in

the already cited norm DIN28429. We would like to put in

evidence that carrying out pumping speed measurements

on ion pumps is not at all a trivial task. Some precautions

must be implemented in order to avoid pitfalls that can

arise, due for example to a not complete saturation of the

pump or to a lack of stability while acquiring the data. We

tested five diode-type ion pumps in the same conditions

and we measured each pump several times (an average of

fifteen measurements per pump if we consider the different

Figure 10. Cut-away of the special 200 l/s ion pump; the two
arrows indicate the additional magnets placed below the ion
pump pockets.

Figure 11. Isovalue curves showing the values of the magnetic
field component in the direction of the cell axis, on a plane that
is parallel to the anode and in the center of the ion pump
pocket, for conventional (a) and optimized (b) magnetic yoke
configurations. The white areas represent values above the
maximum of the scale on the left.

Figure 12. Typical pumping speed curves measured for the 200
l/s ion pump with optimized cell size and improved magnetic
field.
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applied voltages). The average curves reported in Fig. 12

are the result of this extended and careful measurement

campaign. As shown in the graph, the pumping speed

maximum occurs in the low 1E-8 mbar region, which was

our desired target regime for maximum pumping speed.

Moreover, in spite of the compact size of the pump, whose

volume is 12.2 liters (quite small if compared to a standard

150 l/s ion pump, with a volume of about 12 liters), the

pumping speed maximum reaches about 200 l/s. 

IV. Conclusions

We evaluated the influence of varying the magnetic field

applied to an ion pump on the discharge intensity, and the

effect of the cell diameter. We also evaluated the impact of

the applied high voltage for the entire pressure range we

were interested in. As a result, we found out a set of

parameters providing a high current to pressure ratio in the

pressure range that we were targeting; our goal was to

ensure that the ion pump performance at low pressure is as

similar as possible to the performance at higher pressure,

which is not typical of conventional ion pumps.

We then built an ion pump in which the cells composing

the anodes have the dimension that we found out to be

optimal; moreover, we designed an optimized magnetic

circuit, that was developed in order to obtain the high and

uniform magnetic field in the anode region. It is well

known that in conventional ion pump elements, the

contribution to the pumping speed given by the peripheral

cells is marginal (especially at lower pressures). This

limitation was overcome thanks to this new design. The

actual pumping speed measurements confirmed the results

that we were expecting based on the ion discharge intensity

data. These new ion pumps, whose dimensions are

comparable to those of a 150 l/s pump provide a pumping

speed for nitrogen of approximately 200 l/s and it is worth

noting that the peak value of speed was reached in the 1E-

8 mbar (1E-6 Pa) range, where a conventional 150 l/s ion

pump usually has a pumping speed around 120 l/s. The

major elements responsible for this high performance is the

optimized cell diameter, and an improved magnetic field,

that is not only higher than in conventional ion pumps, but

much more uniform.
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