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Ion pumps continue to be a staple in ultra-high vacuum (UHV) applications. Since their 
adoption as a primary UHV pump in the 1960’s, it has been known that a variety of particles 
can emanate from within the ion pump and cause undesirable effects on current measurements 
and optics components. Historically the solution has been baffling and shielding which results 
in longer conductance paths to the ion pump. Those solutions can work, but require a larger 
pump and more vacuum plumbing to compensate for conductance losses. The first step was 
to fully understand the nature of the particles and their charges. Once those were characterized 
options for emissions reduction were evaluated. It was determined that an efficient design 
of shielding near the source of the particle generation site was the most cost effective solution. 
With a slight modification to the chamber of a small ion pump, internal shielding was 
developed that reduced the emissions by a factor of up to 1000 times.
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I. Introduction

The main objective for any vacuum system is to 

maximize the conductance which includes creating 

the smallest vacuum system possible, using UHV 

appropriate materials and proper processing of the 

system. Through the design process, consideration 

must be given to specific technologies being used for 

the process itself in addition to creating and measuring 

the vacuum environment. In the case of the ion pump 

design criteria for no vibration, system ultimate 

pressure, and low maintenance and operational costs 

must be weighed against the potent affect of particles 

in the application. Those affects range from neutrals 

interfering with the electrons in a synchrotron beam, 

neutrals coating isolating ceramics (see image 1) and 

stray electrons building additional charges on 

electron gun components.

II. Goals

In order to understand how to efficiently eliminate 

any emissions from the ion pump, it is critical to 

understand two items:

1. What particles are coming out of an ion pump?

2. Are those particles a concern for the given 

vacuum application?

The first question was addressed through experimen-

tation conducted by Gamma Vacuum. The initial goals 
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Figure 1. New and after life condition of ion pump 
insulators.

were to:

ㆍQualitatively determine emission types emanating 

from an ion pump

ㆍQuantitatively determine the magnitude of ion 

pump emissions as a function of ion pump 

operating pressure and voltage

ㆍDevelop prototype hardware solution to 

reduce/eliminate emissions

ㆍQuantitatively determine magnitude of improvement 

of prototype solution

ㆍEngineer and test production capable solution

The second question relates to individual applications 

and can be answered through historical knowledge, 

current design evaluation, and/or appropriate educated 

guesses. For example, it is know that direct line of 

sight of an ion pump to an electron gun can cause 

predictable line of sight coating and unpredictable 

arcing due to excessive charge build-up.

III. Assumptions

A set of assumptions was developed based on known 

facts of ion pump operation. To start, the most 

sensitive applications involve charged particle columns 

that utilize small ion pumps. As a consequence a 20 

L/s Gamma Vacuum Diode ion pump was used at 

minimum and maximum operational voltages. Diode 

ion pumps have a voltage potential up to +7000 volts 

and as a result any electrons or negative ions 

generated within the pump have an unlikely chance of 

escaping. Therefore, emissions from the pump will be 

limited to neutrals, positive ions, low intensity 

cyclotron radiation and even visible light photons. 

Positive ions may have kinetic energies up to the 

voltage of the ion pump while neutrals would have 

significantly less energies.

IV. Hardware Set-Up

Collection of emission data was conducted according 

to the vacuum system as shown in Fig. 2. A main 

chamber with multiple ports was constructed and 

included the following features as labeled in Fig. 2:

1) A main 4.5" CFF (DN 63) port for the ion pump 

with line of sight to the entire chamber. For this 

experiment a standard 20 L/s ion pump from Gamma 

Vacuum was used.

2) A second 4.5" CFF (DN 63) port opposite the ion 

pump with a 1.33" zero length adapter incorporating 

a silver collector plate. The collector plate is capable 

of being dismounted for future XPS inspection of 

deposited material. The collector was located 364 mm 

from the ion pump representing a real world scanning 

electron microscope application.

  a) At ground potential, measured current is the 

sum of positive ions plus net secondary 

electron emission from the target

  b) At -90V, secondary electrons are rejected 

from the collector.

  c) At +90V, secondary electrons are attracted 

from the collector.

3) A 1.33" CFF (DN 16) for incorporating a 128 mm 

long stainless steel deflector plate.
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Table 1. Collector and deflector variables.

Collector Voltage (V) Deflector Voltage (V) Chart 1 Result Set

0
Mimics ground potential in 

SEM systems
0

Allows positive ions 

to collector
C0/DO

-90
Rejects secondary electrons 

from collector
0 C-90/D0

 90
Attracts secondary 

electrons to collector
0 C90/D0

0 1000
Deflects positive ions 

away from detector

C0/D1000

-90 1000 C-90/D1000

 90 1000 C90/D1000

Figure 3. Collector Current vs. Pressure.

Figure 2. Collector Apparatus.

  a) At ground potential positive ions are not 

deflected from the collector.

  b) At +1000V positive ions are deflected away 

from the deflector.

4) Two 2.75" CFF (DN 35) ports for rough pumping, 

a leak valve and gauging for control of pressure 

mimicking real world SEM applications (mid 10-6 to 

low 10-8 Torr).

V. Collector and Deflector Variables

In order to determine that all possible types of 

particles predicted in the assumptions were able to be 

identified, the voltages for the collector and deflector 

were set as referenced in Table 1.

VI. Discussion of Results

Results for each set of variables are presented in 

Chart 1. In all cases the collector current is linear 

with pressure which lends validity to the test method. 

Each collector result set is observed to have minimal 

difference with respect to deflector voltage. The 

immediate conclusion can be reached that positive 

ions have a minimal contribution to the overall 

quantity of emitted particles. Furthermore, attraction 

of secondary electrons yields substantially higher 
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Figure 4. XPS spectra.

Figure 7. 20S vs. 25S Emissions.

Figure 5. XPS Depth Profile (Å).

currents. It should be noted that the negative 

application of voltage to the collector yielded 

negative collector currents which are represented on 

Fig. 3 as positive for comparative purposes.

Following the initial pump Emission Current 

measurements, the test apparatus was backfilled to a 

static pressure of 3.0×10-6 Torr of air and held for 7 

days. The Ag collector was removed and analyzed by 

X-ray Photoelectron Spectroscopy (XPS) to determine 

if any material deposition had occurred and results 

are presented in Figs. 4 and 5. At the stated 

pressure, a titanium oxy-nitride film was deposited 

on the collector at a rate of 0.9 Å per hour at the 
distance of 364 mm from the top of the ion pump.

Based on these results, the overall conclusion was 

reached that the emissions from an ion pump can 

substantially contribute to grounded and charged 

surfaces through current contribution as well as 

significant physical titanium deposition. The emissions 

are primarily neutrals with a small quantity of 

positive ions, assumed to Ti+. Neutrals are thought to 

be primarily photons but could include some energetic 

atoms, molecules or fragments. While the exact neutral 

classification is an assumption, their generation of 

secondary electrons is known to be significant and 

the objective is to eliminate them.

VII. Solution Development

As demonstrated, the particles emitting from the 

ion pump lacked any significant amount of charged 

particles and historical measures of shielding line of 

sight were determined to be the most economical and 

practical method for eliminating line of sight along. 

Given the high percentage of neutrals and their 

potential disbursement throughout the vacuum system, 

various other solutions involving charged grids were 

rejected due to inadequate elimination of neutrals and 

likely added cost.

Evaluation of the internal structure of the 20S ion 

pump revealed that there was almost enough physical 

space to incorporate a shield above the pumping 

element for neutral shielding and around the inlet for 

complete secondary electron shielding. To accommodate 

for both sets of shielding, the 20S body was extended 

within the original envelope of the 20S pump and was 
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Figure 6. 25S Shielding.

renamed the 25S.

Several iterations were designed with the final 

design being shown in Fig. 6. The objective of the 

internal shielding for the 25S pump was to:

ㆍblock direct emission of high energy primary 

particles (Fig. 6, green line)

ㆍblock secondary particles created from high 

energy primary particle impact (Fig. 6, blue line)

ㆍretain pumping speed by allowing maximum 

conductance into the ion pump (Fig. 6, yellow 

shielding above anode assembly)

After completion of the internal shielding solution, 

the test was run a second time and the results are 

shown in Fig. 6.

The results of the 25S and its added shielding 

resulted in a reduction in the current at the collector 

of approximately 1000 times the non-shielded values. 

Conductance loss was calculated at 9%, however 

subsequent testing did not reveal any loss in ultimate 

pressure or time to achieve ultimate pressure. This is 

in contrast with conductance loses of 36% for classic 

dual elbow configurations. For space considerations, 

reduction of vacuum hardware costs, and elimination 

of ion pump emissions the objectives of the experiment 

were successful.

The design was officially patented and marketed as 

the EXIMO element, including additional features for 

enhanced XHV pumping including electron emitter 

posts and titanium anode elements.
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