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Electron Gun Tutorial and Resource

Introduction

Kimball Physics specializes in the design and
manufacturing of precision high-tech scientific
instruments with over 50 years of experience in
ultra-high-vacuum electron and ion optics. Our
expertise is in high stability electron emitters,
precision electrostatic and magnetostatic optics,
along with state-of-the-art vacuum chambers
and fittings. Electron and ion systems are
optimized for beam energies ranging from 1 eV
to 100 keV and beam currents from
femtoamperes to amperes.

Our goal with this informal resource is to provide
a fundamental knowledge  base  for
understanding the basic terminology, principles
and parameters, and specifications of electron
and ion beam systems.

Many scientists, engineers and graduate
students would like to incorporate electron and
ion beam systems into applications within their
specific fields and need to “get up to speed”
quickly with this fundamental information. With
this information resource, our intent is to help
you move more quickly towards your
solution and to choose the electron or ion
system and components that would work best
for your application.

The first section, Introduction to Electron Beam
Systems (101), is a ground level introduction to
the terminology and basic mechanisms related

to electron beam systems. The next section,
Electron and lon Gun Systems (201), provides
more advanced details about the electron and
ion beam parameters and the associated
instrumentation. The intent of this section is to
provide more specific and detailed information
about the systems to enable the interpretation of
the technical specification documents available
for our electron and ion gun products and
options. The last section includes basic Gun
Operations and Questions. Advanced Topics
(301) will be added over time and will dive into
more detail about the scientific and technical
aspects of chosen topics related to the systems.

Please excuse any errors or areas that are not
complete; this document is always a work in
progress!

Basic Components of an Electron Gun

System

Let's get started with a dissection of an electron
gun system with basic description of how the
various elements work and come together. For
this first pass through the information, the
description of each element will be basic. Later
in the document, we will add more details,
parameters, and technical description.

Figure 1. Example of a Kimball Physics Electron Gun.
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Electron Guns: Basic Anatomy

The figures included will provide an overview of
a typical electron gun. The first figure above
(Figure 1), is an exhibit of a typical electron gun.
Figure 2 below is a 3D model, with a cross-
section of a typical electron gun with the

Gnd connector

elements labeled. Figure 3 below is a simplified
schematic of the electron gun components and
applied voltages. Figure 4 shows a schematic
block diagram of the typical power supplies
(represented as circles) and how the voltages
are typically applied to the parts of the gun to
produce and control the electron beam. Please

Mounting flange

Figure 2. 3D solid model with a zoomed in area with
more detailed three-dimensional drawing showing a
labeled cross-section of a typical electron gun

components.

www.kimballphysics.com Email: info@kimphys.com Tel: +1 603 878 1616



http://www.kimballphysics.com/

reference these figures as we progress through
the discussions that follow.

Triode

The electron gun is a descendant of the early
vacuum tube, and some parts still utilize the
same names although they are somewhat
different in structure.

In a triode vacuum tube, which is the basis for
many electron guns, there are three electrodes-
1) the cathode that generates free electrons, 2)
the anode which attracts and accelerates the
electrons to a displaced point in the beam
direction, and 3) a grid (in electron guns know as
a Wehnelt grid) to provide control of the electron
emission from the cathode.

Electron Emitter

The simplest source of the electrons in an
electron gun cathode could be a metallic wire or
filament such as tungsten bent into a hairpin
shape, where we apply a small voltage to pass
a current through the wire’s resistance to heat
the wire.

Depending on the temperature and
characteristics of the wire, such as its work

Cathode  Wehnelt Cylinder
orGrid (G1)

Cathode Heater

Heater Voltage ‘
~0to 6V

S
Grid Voltage
(0to-50V)

Acceleration Voltage
“Energy”

function (we talk more about work function,
cathode materials, designs, and parameters in
our cathode tutorial document), some of the
electrons in the wire will have enough energy to
escape their outer valance shells, become free
electrons and then possibly emerge to the
surface of the cathode and into the partial
vacuum space just surrounding it (thermionic
emission). The electrons initially exit from the
material surface in several random directions
and at low energies.

Electrodes and Electric Fields

Electrodes are simply conductors with
geometries that interface with non-conductors in
the system (such as the partial vacuum space).
They are typically used to establish a point of
voltage potential and in this case, to create
electric field gradients within the electron gun’s
physical configuration. In addition to the
cathode, the anode and Wehnelt grid, there are
typically several additional electrodes present in
the system that modify the path of the electron
beam.

Anode and Cathode
To facilitate the extraction of electrons emitted
from the cathode, and then organize and

Anode (G2) Electron Beam

Vacuum Chamber

l

Ground

(~-100t0 -100,000V)

Figure 3. Schematic view of simplified electron
gun with labelled components.
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accelerate them into a beam with more uniform
characteristics, a strong primary electric field is
created in the region.

The electron source or cathode (the negative
electrode) is typically held at a large negative
potential (such as -1000 V or more) with respect
to the anode (the positive electrode), where the
anode is in a position at some distance and in
the intended beam direction. The anode could
be in the shape of a conductive disk (if it was to
be the target) or ring geometry if the beam was
to pass through or by it.

The anode’s potential is often held at ground (0
V), which is at a much higher potential than the
cathode's negative potential. As the electrons
are emitted from the source and accelerated

towards the anode by the electric field
established between the cathode and anode,
they become somewhat more organized into a
beam like structure. As the beam continues past
the anode, other electron optics techniques and
mechanisms are implemented to focus and
modify the beam trajectory and other beam
characteristics. The potential difference between
the cathode and anode largely determines the
overall energy of the electron beam.

The Schottky effect or field enhanced thermionic
emission is a phenomenon related to how the
electric field magnitude lowers the surface
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barrier for electron emission and allows
increased emission current at a given
temperature.
0
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Figure 4. Simplified schematic of electron gun with typical relative potentials between components.
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Wehnelt Cylinder or Grid

To help focus and control the release of
electrons from the emitting source, a cup-
shaped-cylindrical element with a hole or
aperture in its center is placed in close proximity
to the cathode (emitting) surface. This is
commonly referred to as the Wehnelt cylinder or
grid, and it is typically kept at a potential that is
even more negative than the adjacent cathode
source.

The potential difference between the cathode
electron source and the Wehnelt cylinder
creates another, more localized electric field,
which is somewhat opposite in direction when
compared to the primary electric field between
the cathode electron source and the more
distant anode.

At low magnitude, this electric field will suppress
emission from the lateral surfaces of the electron
source to initially help focus the random
electrons into a more beam-like configuration.
The electric field (formed between the cathode
and Wehnelt) can also be increased to fully
suppress emission of electrons from the electron
source and can be used to create a pulsed
electron beam. The Wehnelt or grid is the first
element in a typical series of devices to control
the electron beam that has been formed.

Electron Optics Overview

An interesting property of a glass lens is its
ability to bend electromagnetic radiation. One
typical application would be to focus
light. Although an electron is considered to be a
particle, it also has properties of a wave that can
be bent and focused in a manner similar to
electromagnetic radiation.

Lens for electrons are not made of glass, but
rather use electrical conductors with voltages
and currents to create electric and magnetic
fields. Some of the ways an electron beam can
be controlled include focus, zoom, deflection
and rastering.

For example, wire can be coiled into a circular
arrangement, and with current flowing through

the wire core, a magnetic field is created that will
focus divergent electrons that pass through it
into a more collimated beam.

Conductive plates, diametrically opposed across
the electron beam path with a potential
difference between them creates electric fields
that deflects the beam trajectory in a controlled
manner.

A typical electron microscope lens system would
be composed of a series of many electron optic
devices that create both magnetic and electric
fields across the electron beam path. As you can
imagine, several challenges are present in these
systems to optimize the beam alignment and
other properties.

For example, the source of the electrons is not
always aligned to the “longitudinal optical axis”
of the system. Furthermore, the electron travel
may not be parallel to the long axis of the
system. To solve this problem, most systems
incorporate magnetic deflectors to center and
align the incoming electron beam. Additional
magnetic coils, often referred to as stigmators,
are used to help correct for asymmetries in the
system. Finally, apertures are placed along the
optical axis to block any electrons that are not
aligned close enough to the intended beam axis.

Supporting Systems

Physical Structure

Typically, all materials used in constructing the
electron and ion guns are compatible with ultra-
high vacuum (UHV) technology, which typically
utilize pressures even lower than about 1071°
torr. It is important that any materials used in
vacuum be UHV-compatible and not out-gas
(release molecules when put into ultra-high
vacuum).

In addition, internal surfaces are typically
smooth to not retain but rather facilitate
evacuation of atmospheric gases and water
vapor, with this material also non-volatile and
non-porous to minimize leaching of gases.
Materials that are bakeable (i.e., heated to 150 -
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Vacuum Range Pressure Molecules/cm? Mean free path
(mmHg, torr)

Ambient pressure 759.8 (~1.0 atm) 2.7 x 10%° 68 nm
Medium vacuum 8x101-8x10* 10%¢ -10%3 100 mm
High vacuum 8x104-8x 108 103 -10° 10cm-1km
Ultra-high vacuum 8x108-8x 1013 10°-10% 1-10%km

Notes: torr x 133 = Pascal, torr /51.715 = PSI. 10 torr ~107 pascal, 10”7 torr ~ 10 pascal
Data adapted from: https://en.wikipedia.org/wiki/Vacuum

Table 1. Examples of vacuum ranges and values. Data adapted from
https://en.wikipedia.org/wiki/Vacuum

350°C) help to further liberate gases and
enhance/enable high vacuum.

To enable these high vacuum conditions, the
gaskets used between connected vacuum
flanges need to have low or no volatility and
tolerate elevated temperatures. Viton (a
synthetic fluorocarbon polymer) or copper are
typically used. A ConFlat™ flange (CF) system
will typically use a cooper gasket ring that is
positioned between the round flange surfaces of
adjacent components, with each of those flange
surfaces also including a circular concentric
knife-edge. As the bolts between the flanges are
tightened, the knife-edge deforms the copper
surfaces to create a seal on both sides of the
copper ring.

Feedthrough insulators are made of ceramic. In
general, common materials (such as most types
of insulated wire, rubber tubing, electrical tape,
tape labels, duct tape or anything with adhesive)
are not UHV vacuum compatible and must be
avoided.

A partial list of UHV compatibly materials with
very low outgassing rates (torr liter/sec cm?) for
electron gun components include 1) metals;
aluminum and alloys (6061, 2024), titanium,
copper (OFHC), silver, stainless steel (304,
316), and tungsten, and 2) ceramics; glazed

ceramics such as porcelain, and glasses such
as Pyrex.

Other considerations in the design of UHV
chambers include highly polished surfaces,
minimally contoured interiors, and minimal
welds, with geometry optimized for maximum
internal access and a usable volume with
minimal optimized surface area that allows a
high density of experimental apparatus.

Kimball Physics has a product line of vacuum
chambers with multiport CF interfaces that are
fabricated with precision geometries and
generally milled from monolithic pieces of either
316L stainless steel or various grades of
titanium. Both the internal and external surfaces
are highly polished. This system includes
standardized CF mounting interfaces and
incorporates mounting features: 1) external
channels and bolt holes for supporting the
system and various attachments, and 2) internal
grooves circumferentially at most inner port
diameters for supporting and positioning the
experimental components. Kimball Physics also
has a complete line of eV parts, essentially a
collection of UHV compatible metal and ceramic
parts (an “erector set” for scientists) that can
provide structure and connectors to create and
allow stable and precision support of systems
placed within the vacuum chambers.
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Vacuum Systems Overview

The quality of the vacuum affects the
performance of the electron gun. To create an
optimal electron beam, we need to get the air
and water gas molecules out of the way.

Typical vacuum for electron beams is in the
range of 10 to 107 torr (for reference, 1
atmosphere of pressure is ~760 torr). For ultra-
high vacuum (UHV) applications, at least 10°
torr is needed. Table 1 provides a nice
comparison of the molecules in a cubic volume
(cm® and the mean free path (the average
distance traveled by a moving particle between
successive impacts or collisions) at atmospheric
pressure and different levels of vacuum at room
temperature.

The high vacuum (or similarly low pressure) is
usually achieved using two types of vacuum
pumps: a rough pump and a turbo-molecular

pump.

An ion gauge, which is a miniature ion gun and
detector system in itself, is used to measure the
gas molecules present in the vacuum chamber
and monitor the chamber pressure. The ion
gauge is typically positioned in the vacuum
chamber near the electron gun, but out of the
way of the electron beam and target.

It is essential to establish a stable vacuum. An
electron gun with a standard refractory metal
cathode requires a vacuum of 107 torr or better,
while a gun with a BaO (barium oxide) or a LaBe
(lanthanum hexaboride) cathode requires 10
7 torr. With some materials, such as Y203 (Yttria
coated Iridium) cathode, a lower vacuum of only
10* torr is acceptable.

A poor vacuum can damage the cathode or
reduce its lifetime. For example, the presence of
oxygen or water vapor while the refractory metal
cathode is hot (over 700 K) will cause oxidation
of the metals, while at higher temperatures (over
1200 K) nitrogen will further degrade the
cathode. Thus, the vacuum must be well
established before the gun is turned on, and
after the gun is turned off, the cathode must be
allowed to cool down (usually for at least a half
hour) before the vacuum system is vented.

If the electron gun is energized without a proper
vacuum, it can be damaged by arc-overs.

Maintaining a suitable vacuum state also keeps
the cathode electron source surface from
oxidizing and altering its emitting characteristics.

Power Systems Overview

Power supplies at Kimball Physics typically
feature a modular design with miniaturized
power supply clusters, optically isolated signals,
and a digital interface controller. A LabVIEW™
software virtual control interface is optionally
available for many of the systems. Beam stability
is an important requirement with stable energy
and emission current controls from the power
supply required to achieve this.

Figure 4 provides a schematic block diagram of
the power supplies (represented as circles) that
apply voltages to the parts of the gun to produce
and control the electron beam in this one
electron gun example.

The power supply provides multiple voltage
and/or current sources to the various elements
of the electron gun system. For example, a
separate power supply module provides for
Beam Energy, Source (ECC-Emission Control
Current), Grid (Wehnelt), 1st Anode, Focus
and X and Y deflection are present.

Typical ranges for each component power
supply requirements are shown in the table
below the schematic (figure 4).

Detectors

Monitoring the output of the electron gun is
typically used during initial gun operation to
position the spot, or align the gun, and to
determine various power supply settings for
optimum performance. The electron beam can
be visually monitored by observing the resultant
spot on a phosphor screen or can be electrically
monitored by measuring the beam current at the
target (Faraday cup). The most desirable
arrangement is to have both visual and electrical
monitoring of the electron beam.

Some of the possible monitoring choices
include:

e A Faraday cup and grounded phosphor
screen, mounted side by side, on a linear
manipulator. Either the phosphor screen or
the Faraday cup is positioned in the beam
line using the manipulator.
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e A grounded phosphor screen with a
centrally located hole and a Faraday cup
mounted directly behind the hole.
Deflection is used to position the spot on
the screen when visual monitoring is
desired. When electrical monitoring of
beam current is desired, the beam is
deflected to aim it through the hole into the
Faraday cup.

e An electrically isolated phosphor screen
connected to a pico-ammeter that enables
view and measurement of the beam current
directly off the phosphor screen.

Figure 4. Faraday cup with optional phosphor
screen.

Electron and lon Gun Systems (201)

This section will provide more content about the
electron/ion beam and its associated systems to
enable the reader to better understand the
technical details provided in the technical
documents and specifications available for the
various electron gun systems.

Beam Energy

Typical ranges for electron beam energies span
several orders of magnitude from 1 eV to 100
keV (100,000 eV). One of the most important
characteristics of the beam is the kinetic energy
of the electrons or ions. The electron beam
energy is determined by the overall potential
difference and distance between the cathode
and anode that accelerates the electrons as they
travel from the cathode source to the final

aperture of the electron gun. This energy,
measured in electron volts (eV or keV) and is
controlled by the “Energy” power supply channel
and can range from 1 eV to 100 keV depending
on the gun. One eV is approximately 1.602 x 10
Bjoules and is typically the amount of energy 1
electron acquires by accelerating from rest
through a potential difference of about 1 volt.

The First Anode (G-2), the first of possibly
multiple anodes in the beam path, is referenced
several hundred to thousands of volts more
positive than the cathode. The electric field
created by the potential difference between the
cathode and the anode also influences the
degree of electron extraction from the cathode.
This effect is modified by the electric field
present between the Wehnelt or grid and the
cathode, which can also modify the number of
electrons emitted from the cathode.

The energy spread of the beam is a measure of
the variation in energies (typically less than half
an eV), as not all particles will exit with the same
kinetic energy. The energy spread can vary with
different cathode sources. For example, with a
100 keV system, the energy spread for a
tantalum (Ta) cathode is ~0.5 eV, Yttrium oxide
cathode (Y.0.) is ~0.4 eV, and Lanthanum
Hexaboride (LaB:) cathode is ~0.4 eV.

Emission and Beam Current

Where the electron goes once emitted largely
depends on its energy and the electrical fields in
the space around the cathode. If the electron
does not have enough energy, or if the space
around it has too much negative charge (space-
charge limited), the electron will return to the
cathode. The electrons that do leave the
cathode can be focused and accelerated into the
electron beam.

10
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Figure 6. The effect of the 1st Anode Voltage
on Emission Current from the cathode and the
final Beam current.

The emission current is all the electron current
that leaves the cathode and eventually goes to
ground. This emission current depends on both
the cathode temperature and the electron beam
energy set by the Energy power supply channel
(approximately the potential difference between
cathode and anode). However, not all the
electrons emitted from the cathode will be in the
electron beam that finally exits the gun (this can
be measured by a Faraday cup at the end of the

gun).
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Some of the electrons may land on other
elements in the gun column and return to
ground, but not through the electron beam.
Thus, the final electron beam current at the
target will be less than the
initial emission current.

As shown in electron gun example Figure 6,
increasing first anode voltage increases the
emission current, and thus increases the final
beam current for a given set of operating
parameters. This effect levels off at higher
anode values, reflecting the change from a
space charge limited situation to a temperature
limited one. The first anode potential does not
determine the final energy of the electrons,
which is reached in this example, only at the
grounded second anode after passing through
the focus region.

The Wehnelt or grid voltage (G-1) will also affect
the beam current. Increasing the Wehnelt
potential makes the Wehnelt aperture more
negative with respect to the cathode. As the
Wehnelt potential increases (becomes more
negative, also called increasing the grid bias),
the electric field between the cathode and
Wehnelt suppresses electron emission from the
cathode perimeter, leaving only the center of the
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Figure 7. The effect of Grid Voltage on final Beam Current, showing cutoff at different
Energy levels on the left, and showing cutoff at different 1st Anode voltages on the right.
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cathode to emit. If enough Wehnelt potential is
applied, the beam wil be completely
suppressed, and the beam is said to be cut off.

This cut-off effect of increasing grid voltage is
illustrated in Figure 7 at different Energy levels.
Although Energy level affects the amount of
beam current, it does not affect the cut-off point
on this example system. The figure also shows
the effect of different first anode (G-2) levels on
beam suppression by the grid (G-1); the grid
cutoff value is an increasing function of anode
voltage.

Grid cut-off can be used to pulse the electron
beam off and on. The various ways that pulsing
can be accomplished using the grid are
described in the pulsing sections below.

The electric field created by the Wehnelt also
controls beam divergence and uniformity by
varying electron trajectory.

Beam Spot Size

The spot size is the diameter (cm, mm or pm) of
the electron/ion beam at a given distance from
the gun (working distance). This may range from
a few microns to several hundred millimeters,
depending on the gun.

The spot is measured either visually on a
phosphor screen, or by a Faraday cup array; as
the edge of the circle may not be clear cut, the
full-width- half-max measurement (FWHM) is
defined as the width that includes all beam
current densities greater than half the maximum
density.

In a flood gun, which does not have focusing
lenses, the size of the spot is mainly dependent
on the working distance, or how far away the
target is from the end of the gun, although other
operating parameters can also effect spot size.

Working Distance

In setting up the system, the working distance
(the distance from the end of the electron gun to
the target) will need to be determined. Many of
the gun specifications are affected by the
working distance; for example, at a longer
working distance, there is more effect of noise,
and beam current may be less, or the spot size
may be larger. In general, the minimum working
distance possible for the experiment should be
chosen to reduce problems associated with

transport of electrons, including space charge
spreading of the beam and beam distortions
from stray magnetic fields and stray electric
fields (i.e., the Earth’s magnetic field and
insulator charge-up).

Beam Divergence

Beam divergence is the angular spread of the
electron/ion beam from the final aperture of the
gun (in degrees) at the working distance and
ultimately affects the spot size.

Beam Uniformity and Current Density
Beam uniformity describes the distribution of
beam current within the spot. The beam current
can be further characterized by measuring the
beam current density- the beam current per unit
area at the target (typically in upA/cm?).

The variation of beam current density at different
positions within the spot is called the beam
current distribution. In most guns, this is a
Gaussian distribution; the spot is brightest in the
central area and fades off at the edges. Other
electron guns have electron optics elements
designed to produce a flatter, more uniform
electron distribution across the entire spot.

Brightness

Brightness or source brightness is generally the
electron density or number of electrons per unit
area or (spherical sector) or is commonly defined
as the ratio between the beam current and the
beam emittance. Emittance is a property of a
charged particle beam and is a measure of the
average spread of particle coordinates in
position and momentum phase space, typically
with dimensions of length or length times angle.
Increasing brightness is often achieved by
increasing beam current with reduction in
transverse emittance.

High brightness applications (which require
small spot and high resolution) include scanning
electron microscopes, transmission
microscopes, electron probes, scanning Auger
systems and electron lithography systems.

Electron Optics

Below we continue our discussion about the
electron optics elements that modify the
transverse motion and axial velocity of the
electron beam particles. The electron has an
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electrostatic charge and therefore its path can
be deflected by an electric field. Furthermore,
the electrons in the beam are moving, similar to
the current in a wire, whereby there is a
magnetic field associated with the beam and
therefore it can be deflected by an applied
magnetic field. The particles typically have
minimal velocities perpendicular to their primary
direction of motion. Thus, both electrostatic and
magnetostatic fields can both be used to provide
forces to change the properties and path of the
electron beam. This includes beam focusing,
zoom, deflection, rastering, stigmators and
condensers. Another interesting property of the
electron is that they will release energy as they
change direction (i.e., release of photons in a
free-electron laser).

Beam Focusing

Focus controls the diameter of the electron
beam as it approaches the grounded aperture at
the end of the gun. In a focusable gun,
additional elements are present in the gun to
further control the size of the beam.
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One focusing approach consists of three axillary
aligned cylinders which together form an
electrostatic converging lens called an Einzel or
single lens. The outer two cylinders are typically
grounded while the middle cylinder is held at a
fixed voltage (Focus Power supply). The
electrostatic field is symmetric (see Figure 8) so
that it the particles will regain their initial energy
on exiting the lens although the direction of the
outer particles will be changed such that they
converge on the axis.

Figure 8. Computer model of the electrostatic
field of an Einzel Lens for focusing charged
particles. Reference
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Figure 9. The effects of focus on spot size at a particular energy, showing two minimums (left), and The
Lens Operating Curve, with the focus values required to produce the minimum spot size (right).
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Some guns will have more complex lens
systems, such as the zoom lens (see below), for
focusing and accelerating or decelerating the
electrons. The focus element is controlled by a
voltage source referenced to the negative
energy supply, typically in the range of 0 to 2 kV.
Increasing the focus potential makes the focus
element more positive with respect to the
cathode. Focus, in conjunction with potentials on
the other elements, affects spot size and forms
part of the zoom lens. Focus controls the
diameter of the electron beam as it approaches
the grounded aperture at the end of the gun.

Zoom Lens

The Zoom Lens consists of the electric fields
created by the potentials on first anode
elements, focus and the grounded aperture
components prior to deflection (please see
figures 2 and 4 above). The beam is pre-
accelerated in the first anode section and then
focused and accelerated or decelerated in the
zoom lens section. The beam attains its final
kinetic energy at the grounded aperture, the
second anode, which completes the zoom lens.

The zoom lens allows flexibility of control
because the ratio between the voltages of each
element can be varied; in addition, there can be
less aberration with more lens elements. Beam
energy, beam current, and beam divergence are
all directly controllable.

The ratio of Focus voltage to 1st Anode voltage
roughly determines the spot size, while the ratio
of Energy to 1st Anode voltages determines the
amount of acceleration or deceleration that the
electron beam undergoes. Since Focus and 1st
Anode are referenced to Energy, this lens
configuration allows spot size and beam current
to remain roughly constant as energy is varied.

The initial elements of this electron gun example
all float on the Energy supply; electron energy in
this portion of the gun is determined by the
potential difference between the cathode and
first anode, and as modified by grid and focus.
As the electron beam leaves the floating region
of the gun and approaches the grounded
aperture, it is either accelerated or decelerated,
depending on the relative voltage differences
between the Energy supply and the 1st Anode

supply.

300 -
a) Acceleration in the Zoom Lens
280 - ENERGY SETTING: 300 6V
200 - 1st ANODE SETTING: 100V
Grid, Focus and Defiection not depicted
150 -

100 -
50 -
0-

300 -

b) Deceleration in the Zoom Lens
ENERGY SETTING: 20 eV
200 - 1st ANODE SETTING: 100 V
Grid, Focus and Defiection not depicted

250 -

ELECTRON ENERGY (eV)

150 -

100 -
50 - A
0-

T ]
CATHODE [Hp— GROUNDED APERTURE

POSITION IN ELECTRON GUN
e

Figure 10. Example of Zoom Lens Acceleration /
Deceleration Schematic

A theoretical schematic energy profile over the
length of the gun might be illustrated by Figure
10. For example, if Energy is set to 300 V and
1st Anode is set to 100 V, then the electron
beam encounters potentials from -300 V to -200
V to 0 V (relative to ground potential) and attains
energies from 0 eV to 100 eV to 300 eV as it
passes through the gun. As illustrated in Figure
10(a), the beam is accelerated from 100 eV to
300 eV in the final zoom lens portion of the gun.

Alternatively in Figure 10(b), if Energy is set to
20 V and 1st Anode is set to 100 V, then the
electron beam encounters potentials from -20 V
to +80 V to 0 V(relative to ground potential) and
attains energies from 0 eV to 100 eV to 20 eV as
it passes through the gun. The energy profile for
this case illustrates that the beam is decelerated
from 100 eV to 20 eV in the final zoom lens
portion of the gun. If the deceleration ratio (1st
Anode to Energy) exceeds 10 to 1, then spot
size and beam current may deteriorate.

Deflection / Rastering

The deflection elements consist of two pairs (X
and Y) of deflection plates located downstream
of the focus element. Potentials applied to these
plates produce an electrostatic deflecting force
in a plane perpendicular to the direction of
electron travel, allowing the beam to be aimed or
rastered (for units with the Raster Generator
option). Deflection allows the beam to be guided
by the operator to the target.

14

www.kimballphysics.com Email: info@kimphys.com Tel: +1 603 878 1616



http://www.kimballphysics.com/

5 L LS L L I SO B O B AL B
40 F ¥-DEFLECTION vs Y—DEFLECTIGN VOLTAGE E
[ EMG-14 ELECTRON GUN : ]

30 F emc-144436 /EGPS-14-306
E nanams

20F
10F

—8— ENERGY=10kev ]
FOCUS = 543 kW ]

GRID - 500V E
—O— ENERGY- Skev
FOCUS-273kV ]
GRID = 500V ]
—¥— ENERGY- 1kev
FOCUS -DSS RV

20 [ CATHODE TYPE: HIGH CURRENT

- [ REFRACTORY METAL

[ SOURCE CURRENT = 230 A ]

_3(0 | SOURCE VOLTAGE = 1.36 v : ]
[ WORKING DISTANCE =07 mm | E

[ CHAMBER PRESSURE = 1.7 X 107 forr ssnigagnsiro ]

_40:_..I....I....I....I...I..'

-200 -100 0 100 200
Y-DEFLECTION VOLTAGE (V)

Y-DEFLECTION (mm)
=
t

Figure 11. The effect of deflection voltage on
the position of the spot a three different energy
in a typical electron gun example.

The position of the spot varies directly with the
deflection voltages applied (as noted in the
Figure 11). However, the amount of movement
also depends on beam parameters such as the
acceleration energy. At low energies, a given
deflecting voltage produces a much larger shift
in position. The maximum possible deflection
may be less at higher energies than at low
energy.

Non-uniformities in the deflecting electric field
present at the edges of the deflection plates can
cause the spot to become distorted if it is
deflected too close to the deflection plates.
Distortion varies with both the diameter of the
electron beam as it passes through the
deflection plate region and the potentials applied
to the deflection plates. The greater the diameter
of the electron beam as it passes through the
deflection plates, the greater the distortion.

Electron beam diameter in the deflection plate
region can be minimized by choosing a focus
voltage which places the beam crossover
between the deflection plates. This however will
not minimize spot size at the target.

If a minimum spot size is desired, then a focus
voltage must be chosen which places the beam
crossover at the target. Under these conditions,
the beam diameter as it passes through the
deflection plate region is not at a minimum and

there will exist more deflection distortion. Better
spot shapes will be achieved if the amount of
deflection is kept to a minimum.

Magnetostatic Lens

A magnetic lens typically consists of several
electromagnets (essentially coils of wire) placed
at the vertices of a polygon in a plane
(perpendicular to the axis of the particle beam)
to create a customized magnetic field to
manipulate the particle beam. For example, four,
six and eight electromagnets would create
guadrupole, hexapole and octupole magnetic
lens systems.

Magnetic beam rocking, which is used in a few
high-energy guns, is very similar to rastering.
Instead of electrostatic deflection plates,
currents in electromagnetic coils around the gun
move the electron beam in an unsynchronized
pattern over the target area. The effect is the
same as rastering, to provide a more uniform
coverage of a larger area.

The passing particle is subjected to two vector
forces, with one parallel to the core and the other
parallel to the lens radius. The magnetic field
parallel to the lens radius causes the particle to
spiral which then allows the field parallel to the
core to influence and focus the electron. The
magnetic fields are typically not homogeneous,
with particles close to the center less effected
than the particles farther away from the beam
axis.

Cross Over Points

Along the beam path there are typically several
Cross over points. A cross over point is simply a
location in the electron beam path where the
converged beam reaches a minimum size or
cross-section. The brightness or beam current
density will typically be greatest at this point. The
first cross over point is typically just past the
Wehnelt cylinder.

Beam Operation and Performance
Factors

The section below speaks about the temporal
control of the particle beam in including methods
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to turn the beam on and off using the Wehnelt or
grid potential along with the various methods
available to pulse the beam.

Beam On/Off

In most guns, the electron or ion beam may be
turned off and on while the gun is running. The
way this is accomplished depends on the
specific gun design; often several methods are
available for an electron gun and some of them
are discussed below.

Grid Cut Off

The grid, sometimes called G-1 or the Wehnelt,
is the first electrostatic element in the gun that
the electrons/ions encounter after being emitted
from the cathode/ion source. The grid serves as
the first control point over the beam and usually
can be used to shut off the beam.

In an electron gun, if the grid voltage is
sufficiently negative with respect to the cathode,
it will suppress the emission of the electrons, first
from the edge of the cathode and at higher (more
negative) voltages from the entire cathode
surface. Please see Figure 7 above for an
example of Grid Voltage vs Emission Current.

Similarly, in some ion guns, a positive grid
voltage can suppress the positive ions from the
ion source. The minimum voltage required to
completely shut off the flow of electrons/ions to
the target is called the grid cut off. The grid
voltage is typically manually controlled by a
potentiometer knob on the power supply; thus, in
most guns, the beam can be turned off while the
gun is running by setting the grid to the “cut off
“voltage. Other automated methods to control
the grid voltage are covered below.

Beam Pulsing

Pulsing, also called fast beam pulsing, is
stopping and starting the flow of electrons orions
in a fast cycle. This pulsing is usually
accomplished by rapidly switching the grid
voltage to its cut off potential to stop the beam.
The gird voltage can be controlled by several
different methods (listed in order of speed):

*  Manual control with the dial potentiometer
* Remote control with computer input into
power supply terminals

» Dual grid power supplies controlled with a
TTL signal input

+ Capacitive pulsing with a pulse junction box
or cable and an external pulse generator.

The simplest method of turning the beam off and
on is just to cycle the grid voltage by hand with
the control knob on the front of the power supply.
Clearly, this would be slow and not reproducible.

A more systematic method of controlling the grid
is by an input signal into the remote terminals on
the rear panel of the power supply. Remote
control is a standard feature on all our Kimball
Physics power supplies, so this method does not
require any system options. However, it may not
provide sufficiently fast pulsing.

With the dual grid pulsing option, there are two
grid power supplies built into the main power
supply. A pulsing TTL (transistor-transistor-
logic) signal switches rapidly between the two
supplies, pulsing the beam on and off. For most
guns, the dual supplies are (1) the normal,
variable control grid supply which is adjusted to
allow the electron flow and (2) a fixed grid supply
which is fixed at the cut-off grid voltage at the
factory.

For guns that usually have a positive grid, the
dual supplies are (1) a variable positive grid
supply which allows the electron flow, and (2) a
variable negative grid supply which is adjusted
to cut-off.

For the capacitive or fast pulsing option, many
guns can be equipped with a capacitor-
containing device (either a separate pulse
junction box or a cable with a box) that receives
signal from an external pulse generator. The grid
power supply and pulse generator outputs are
superimposed to produce the voltage at the grid
aperture. The grid power supply is first set at the
cut off voltage. As the grid voltage is negative
with respect to the cathode, positive voltage
pulses are required to pulse the gun on. The
general pattern of the beam pulsing is a square
wave with a variable width (time off and time on)
and a variable repetition rate. Capacitive pulsing
can provide the fastest rise/ fall time and shortest
pulse length of the various methods. However,
the capacitor does not permit long pulses or DC
operation.
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Electron Sources

Electron guns/sources are often classified by the
type of electric field generation (DC or RF), the
emission mechanism (thermionic,
photoelectron, cold or field emission and plasma
source), and by the number of source
electrodes. Our discussions will focus on DC
field generation, thermionic emission, and single
cathode systems.

As previously introduced, the simplest source of
electrons in an electron gun cathode could be a
metallic wire or filament such as tungsten bent
into a hairpin shape, where we apply a small
voltage to pass a current through the wire’s
resistance to heat the wire. However, most
electron emitter configurations used by Kimball
physics indirectly heat the cathode material by
thermal conduction from the surrounding
support material. The support structure is heated
by placing a potential difference (~ 1 - 4 volts)
across its resistance, with a “source” current
(~1.5 - 3A) heating the conductor.

Kimball Physics emitters provide a reliable
source of electrons or ions for use in a variety of
instruments including scanning and

HEATING CURRENT FLOW

transmission electron microscopy, electron
lithography, x-ray generation, free electron
lasers, electron accelerators, and other custom
applications. Other applications include our own
Kimball Physics electron guns and ion guns.

Cathode types for electron emission available at

Kimball Physics include:

e Lanthanum Hexaboride (LaB6) high
brightness single-crystal

e Tantalum (Ta) disc

Barium Oxide (BaO) coated disc

Yttria (Y203) coated iridium disc

Cathodes are available on several types of
bases to interface with multiple systems:

e Standard ceramic AEI base

Compact Kimball Physics CB-104 base
Compact Kimball Physics CB-105 base
Various microscope bases

Cathodes may also be mounted

on customer-supplied based

Please refer to our cathode documents for more
thorough discussions of Kimball Physics various
cathode parameters and products.

PRECISION MICROFLAT
ON LaB, CRYSTAL

«— LaB, SINGLE CRYSTAL
~«— CARBON FERRULE
CARBON HEATER ROD

CERAMIC
SUB-BASE
[ BASE

~€— BASE PIN

Figure 12. Lanthanum Hexaboride (LaBe) cathode model with heating current path through
slotted precision machined single-piece carbon rod and mounting strips with sub-base for
rigidity and easier mounting. The diameter of the LaBs prior to the conic section is about 440
microns. Cone angles are typically 60 or 90 degrees with a microflat at the tip ranging from 6-

300 microns.
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Other Types of Electron Emission

Photoelectron Emission

Also, known as the photoelectric effect, it
characterizes the emission of electrons from a
material surface when light falls on that object. It
involves the transfer of energy from the light to
the electron to induce changes in the kinetic
energy of the electron.

The energy in the photon to dislodge the
electrons must reach or exceed a threshold
energy. Below this threshold, no electron will be
emitted, even with an increase in light intensity
(number of photons per unit time) or exposure
time. For example, emission of conduction
electrons from typical metals requires a few
electron volts (eV), corresponding to short
wavelength (high frequency) or ultraviolet light
where the photon energy (E = hv) is related to
the product of Planck’s constant h and the light
frequency (v).

This photoelectric effect can occur in any
material. However, as electrons are emitted and
a charge imbalance is created, the conductivity
of the material determines how much current
(electrons) can flow into the material to
neutralize the charge imbalance. The energy
barrier to photoemission is usually also
increased by thin oxide layers on the material
surface. Metals with clean surfaces and minimal
exposure to oxygen in a vacuum environment
are more favorable emitters.

Field Emission

Field emission, also known as field electron
emission, is the emission of free electrons
induced by a strong electrostatic field. The most
common configuration would be from a sharply
pointed solid surface into a surrounding high
vacuum. Field emission in pure metals requires

high electric fields (~1 gigavolt/ meter), high
vacuum (~10%°torr) and are also strongly
dependent on the work function of the material.

Applications that would benefit from high
brightness electron sources include high
resolution microscope and charge neutralization
applications (spacecraft). Cold field electron
emission usually involves minimal heating of the
cathode, with an initial state is internal
thermodynamic equilibrium. The geometry of the
field emitter tip is typically a sharply pointed wire
that enables smaller spot sizes and higher
current densities. Methods are also available to
thermally assist with field emission and lower the
magnitude of the electric field required.

lon Sources and Systems

There are three basic processes by which ions
are generated in the several Kimball Physics ion
guns: electron impact gas ionization, microwave
gas ionization, and alkali metal solid surface
ionization.

Gas lonization

This type of ion source has a filament which
emits electrons when heated by the Source
power supply. Aninert or a reactive gas, such as
argon or oxygen, is introduced from an external
tank via a gas feedthrough into the region inside
the ion gun near the filament. The electrons
emitted from the filament are accelerated into
the gas region and collide with the neutral gas
molecules. If the impact is of sufficient energy,
an electron will be removed from the neutral gas
molecule, resulting in a positive ion. Usually, the
ion will be singly charged. Depending on the
energies involved, the primary and the
secondary (released) electrons may go on to
collide with other gas molecules and cause
further ionization. The electrons finally land on a
positive structure called the ion cage.
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The number of ions produced by electron impact
ionization depends mainly on the number of
electrons emitted, their energy, the type of gas
and the number of gas molecules present to be
ionized. The ionization potential of each gas
species determines the minimum energy the
bombarding electrons must have to remove an
outer electron. Within a normal range, the
pressure of the gas introduced into the gun is
linearly related to the ion beam current
produced.

Plasma

The microwave ion source is similar to the
electron impact ion source in that it generates
ions from a gas introduced into the gun.
However, instead of electron bombardment, it
uses microwave power, which is transmitted
from an external generator to a helical antenna
in the ionization chamber, to heat the gas and
create a plasma, a highly- energized state in
which the gas molecules are disassociated into
ions and free electrons. The plasma can be seen
as a glowing gas in the chamber, similar to a
fluorescent light tube. After the ions are
extracted by several apertures, they pass
through an ExB filter that consists of a region
with an electrical field (E) perpendicular to a
magnetic field (B). This ExB filter separates the
ions based on their mass; by varying the electric
field, ions of different masses can be selected as
in a mass spectrometer. The electrical field is
adjusted so that only ions of the type desired
(based on their mass) can pass through, while
other ions and molecules are deflected. Further
lenses control the energy, focus and deflection
of the selected ions.

Solid lonization

In other ion guns, ions of alkali metals such as
Cs+, Li+, or K+, are generated directly by solid
surface ionization. Instead of having a filament,
this type of ion source has a cartridge containing
solid compounds of the alkali metal. When
heated by the source voltage, these compounds
undergo a solid-solid chemical reaction that
releases the alkali metal ions at the surface.

These positive ions are then accelerated and
focused into a beam as in other guns.

lon Beam

The ions generated by the ion source are then
formed into the ion beam. A gun element called
the extract aperture, which has a negative
voltage relative to the ion energy, accelerates
and extracts the positive ions from the region of
electron bombardment; this is similar to the
function of the anode in the electron gun triode.
The grid element, with its potential controlled by
the Grid power supply, also helps extract and
focus the ions. Depending on the gun, additional
elements may be present to accelerate,
decelerate, focus and deflect the beam.
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Frequently Asked Questions-
Gun Operations

HOW IS THE BEAM MOVED ON THE TARGET?

Mechanical Alignment

Mechanical alignment is available with many
gun mounting systems to aid in aiming the
electron or ion beam at the target. A rotating
flange or a device consisting of two rotating
angled disks (a Port Aligner) can be used to
mechanically change the position of the gun.
Port Aligners are available from several
manufacturers.

Deflection

Many Kimball Physics electron and ion guns
have an electrostatic deflection system as an
option. In the gun column following the focusing
lenses, two pairs of plates (X+, X- and Y+, Y-)
are arranged around the path of the beam.
Voltages are applied to these plates by manually
controlled X and Y power supplies, and the
resulting electrical field bends the path of the
beam. This deflection is used to move the beam
around in the plane of the target to position the
beam. In a few guns, magnetic coils are
optionally available to similarly deflect the beam
for alignment.

Rastering

Rastering, which is related to deflection, is a
continuous movement of the electron or ion
beam over the target plane to uniformly cover an
area over time. This rastering is similar to what
occurs with a TV or CRT screen. Two
synchronized, cyclically varying voltages are
applied to the X and Y deflection plates in the
gun. This causes the beam to move in a
synchronized pattern: sweeping back and forth
X direction) while simultaneously
moving down more slowly (Y direction), then
returning to the start position without sweeping
back and forth (retrace). Visually, it appears that
the beam covers a large square area, instead of
a single small spot. Rastering is occasionally
done in an unsynchronized mode.

Beam Rocking

Magnetic beam rocking, which is used in a few
high-energy guns, is very similar to rastering.
Instead of electrostatic deflection plates,
currents in electromagnetic coils around the gun
move the electron beam in an unsynchronized
pattern over the target area. The effect is the
same as rastering, to provide a more uniform
coverage of a larger area.

HOW IS THE ELECTRON OR ION BEAM
OBSERVED?

Because an electron or ion beam is invisible, it
must be observed by its effects, by employing
some type of detector. Two common types of
detectors are phosphor screens, which emit light
when struck by the electrons/ions, and Faraday
cups, which collect the electrons/ions and allow
current measurement. A variety of phosphor
screens and Faraday cups available from
Kimball Physics.

Phosphor Screen

A grounded phosphor screen in the target
position allows visual, real-time observation of
the spot produced by the beam. The phosphor
screen emits light (photons) when bombarded
by high-energy patrticles, either electrons or ions;
the light color, typically blue or green, depends
on the phosphor material. On the screen, the
electron/ion beam usually appears as a small,
solid circle (the spot). If the beam has not been
focused, the spot may be much larger, or have
fuzzy edges, or be made up of many dots
(beamlets), or even (with an LaB; cathode) have
an unusual cross shape. As the position, size
and shape of the spot can be easily observed,
the screen is useful for alignment and setting the
proper operating parameters for the gun.

The use of ion beams with phosphor screens
has been challenging in that they often become
contaminated quickly with a shortened lifespan.
The use of a Microchannel Plate (array of
electron multiplier tubes) in front of the phosphor
screen seems to help mitigate this problem.
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Faraday Cup

A Faraday cup can be used to detect and
measure the actual beam current emitted from
the electron/ion gun. The Faraday cup consists
of a shielded cup with an aperture, which collects
the electrons or ions, and an output wire, which
is connected to an ammeter. The Faraday cup
can be completely separate from the gun, or it
can be part of an assembly mounted to the end
of the electronfion gun and manipulated
remotely. Some Faraday cup assemblies
include a phosphor screen as well. An array of
small Faraday cups or a Faraday cup on
mounted on a linear manipulator can be used to
measure the distribution of the beam current
across the spot; this shows the beam uniformity.

HOW ARE THE POWER SUPPLIES CONTROLLED?
The power supply unit, which is part of the
electron or ion gun system, is a complete unit
containing electronic circuitry, meters and
controls, that takes power input from the outside
line and converts it to voltages and currents
required to run the electron or ion gun. Individual
power supplies within the power supply unit
provide the voltage to specific gun elements.
The output of a power supply is monitored by
either an analog meter (one with a dial and
pointer) or with a digital voltage meter (DVM).

Manual and Remote Control

These individual supplies can be controlled
either manually by the controls on the front of the
power supply unit, or remotely by a signal into
the remote controls on the rear of the power
supply. The manual dial potentiometer controls
of the FlexPanel directly controls the output of
the individual power supply for the various
electron gun elements. By use of the remote-
control input terminals, the supplies may be
either voltage programmed or resistance
programmed. The voltage control signal can be
obtained from any source, such as a computer
with a digital to analog converter, or an analog
supply. Resistance programming involves
connecting a resistor to the remote terminals.

Feedback Control (ECC)
In addition to the usual manual or remote control,
the source power supply can be controlled in a

feedback-regulated mode, labeled ECC for
Emission Current Control. In electron guns, this
feedback circuitry regulates the source power
supply, which heats the filament, so that a
constant emission current is maintained from the
cathode. Similarly, in alkali metal ion guns, the
ECC regulates the heating of the ion cartridge
and so maintains a constant ion emission
current. In gas ion guns, the ECC feedback
circuitry controls the electrons used for
ionization, but this does not completely regulate
the emission of ions from the ion source, as the
ionization is also dependent on the gas pressure
and other factors.

HOW IS THE GUN CONNECTED TO THE VACUUM
SYSTEM?

Mounted Guns

Most Kimball Physics electron and ion guns are
designed in a mounted configuration, the gun
being housed in a tube with a flange for
connecting the vacuum system. The mounting
system uses a standard type of vacuum flange
(a CF or ConFlat flange) that has a knife edge
on the sealing surface and comes in standard
sizes according to its approximate diameter; for
example, a 1.33” CF flange has about 1.33 inch
or 34 mm diameter, a 2.75” CF flange (70 mm),
and a 6.0” CF (152 mm).

The mounted gun also includes cable
connectors for the power supply and vacuum
feedthroughs. These are insulated connections
for the electrical wires and other tubes needed
to connect the gun to the power supply cable and
to other external parts, such as a gas tank.

A Kimball Physics Flange Multiplexer, which is
used as the mounting system on many
electron/ion guns, has a one (2.75” CF) flange
surface to connect to a vacuum port and five
smaller (1.33°CF) flanges for various
feedthroughs and cable connectors.
Unmounted Guns

Some of the simpler guns are also available in
an unmounted configuration, which allows the
customer to design the housing, mounting
system and vacuum connections.
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HOW ARE THE GUNS TESTED?

Every new electron or ion gun and power supply,
built at Kimball Physics, is individually tested by
being run in our vacuum laboratory, with the data
on various gun parameters collected. This
ensures that each gun functions properly, is well
aligned, and meets its specifications. Graphs are
provided to the customer showing the results of
this testing to aid in determining the operating
conditions for the particular gun. Guns returned
for rebuild or repair undergo similar, but less
extensive, testing. (The only exceptions to this
testing procedure are a few simple, firing unit
models sold in large batches.)

Data

The data collected depends on the gun model
and the needs of the customer. The following
graphs are generally included: 1) the V-I
Characteristic (Source Current vs Source
Voltage), which shows the performance of the
particular cathode/ion source; 2) Emission and
Beam Current vs Source Current, which shows
the overall gun performance, how much beam
can be produced, and is used to set the source
when running the gun; 3) Emission Current vs
Grid Voltage and 4) Beam Current vs Grid
Voltage at various Energies, which together

show how the grid can be used to improve or to
cut off the beam.

Depending on the electron gun, graphs showing
focusing parameters, spot size, beam current
density, or other properties may also be
provided. Additional custom-designed testing
procedures can be performed as required by the
customer.
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Glossary

AEl Base
An industry standard base for cathode emitters.

Typically, the ceramic disk dimensions are
approximately 12.0 mm in diameter with a
thickness of 2 mm. The spacing between the
center of the pins on the socket side is about
6.45 mm, with 1.0 mm pin diameters and 4.7 mm
pin lengths.

Alignment

1) Positioning of the physical elements of the
electron/ion gun so that the charged particles
travel in the optimal path through the gun.

2) Mechanical beam alignment: A mechanical
adjustment of the gun that changes the
orientation of elements of the gun with respect to
other elements or with respect to the target; use
of a device to line up gun with the target, for
example, using a Port Aligner which consists of
two rotating angled disks.

3) Magnetic ~ compensation alignment:
Displacement of the electron/ion beam in a
plane (X-Y) perpendicular to the line of travel (Z)
of the beam, by means of the magnetic fields
produced by electric coils (X+,X-and Y+,Y-
) arranged around the beam; used to position the
beam on the target and improve beam current
and beam uniformity.

Analog Meter:
A meter with a dial and pointer which displays

current or voltage.

Amperes, Amps; A:

A measure of current (electron flow).

1 Ampere = 1 Coulomb/sec = 6.242 X
10'8 electrons/sec

Anode: (also G-2)
Often referred to the more positively charged

electrode

The second electrostatic lens element in an
electron gun, which usually provides the more
positive potential difference with respect to the

cathode electron source that accelerates the
electrons

The third element of the triode (cathode, grid and
anode); usually a tube with an aperture (hole);
often grounded.

Aperture:
A small hole that the electron/ion beam passes

through, which can limit the divergent trajectory
of the beam path and also control the diameter
of the beam.

Auto-bias:
Most electron guns in SEM and TEM use auto-

bias operation, whereby the only electrical
variable other than the cathode heating is the
value of the auto-bias resistor.

Barium Oxide (BaO):
A coating applied to a cathode electron source

that reduces the work function enabling electron
emission at lower temperatures, thus also
reducing light output.

Barium Oxide (BaO) Cathode:
A Kimball Physics thermionic low light and low

temperature electron emitter, with these
characteristics related to its lower work function.

Bake out:
Heating the electron/ion gun while in vacuum to

remove and pump away contaminants.

Beam Blanking:

Deflecting the electron/ion beam to one side of
the gun tube to interrupt the flow of particles to
the target without actually turning off the beam;
can be used to pulse the final beam current
repeatedly on and off, controlled by a TTL signal
input.

Beam Current:
The electron/ion current exiting the gun, usually,

measured by a Faraday cup at the end of the
gun (in mA, YA, or nA); not identical to emission
current.
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Beam Current Density:
The beam current per unit area reaching the

target (typically in uA/cm?).

Beam Divergence:
The angular spread of the electron/ion beam as
it exits the gun (in degrees °).

Beam Uniformity:
A qualitative statement about the beam current
distribution, usually Gaussian-like.

Beam Spot Size:
The spot size is the diameter of the electron/ion

beam at a given distance from the gun (working
distance). Typically range from 10 um to several
hundred mm, depending on the gun. The spot is
measured either visually on a phosphor screen,
or by a Faraday cup array; as the edge of the
circle may not be clear cut, the full-width- half-
max measurement (FWHM) is defined as the
width that includes all beam current densities
greater than half the maximum density. In a flood
gun, which does not have focusing lenses, the
size of the spot is mainly dependent on the
working distance, on how far away the target is
from the end of the gun.

Bias Resistor, controllable:
A resistor used to control emitter heating current

more accurately.

Brightness: B:
Brightness or source brightness; electron

density or number of electrons per unit area or
(spherical sector). High brightness applications
(which require small spot, high resolution)
include scanning electron  microscopes,
transmission microscopes, electron probes,
scanning Auger systems and electron
lithography systems.

B =0 kT

o = work function= eV

k = Boltzmann constant = 8.617 x10° eV/K

T= absolute temperature = K

Units=Current/unit area/unit solid angle

Brightness Limited:
Brightness-limited electron optical systems:

SEM’s, TEM’s, probes, electron lithography
systems, etc.

Cartridge:

(1) Firing unit cartridge: For electron Guns: An
assembly containing cathode and grid which is
part of a larger firing unit of some guns and can
be replaced separately.

(2) lon source cartridge or alkali metal cartridge:
For lon Guns: A cup containing a solid that is
heated to produce alkali metal ions directly by a
solid-solid chemical reaction, part of the ion
source firing unit.

Cathode:
The structure in the electron gun that emits

electrons, also known as emitter, electron
source; the first element of the triode (cathode,
grid and anode); simple configuration may
consist of a sharply bent wire (hairpin) or a
heated wire and an emitting disc; several other
types of materials and configurations to optimize
performance and live-time parameters.

Cathode Loading:
Alcm?; Typical ranges of 3.8 to 80

Cathode Poisoning:
Usually refers to an unintended chemical

process involving the surface of the cathode that
unfavorable alters its emission characteristics.

CB-104 base:

A compact Kimball Physics ceramic cathode
base

CB-105 base:

A compact Kimball Physics ceramic cathode
base.

CF, ConFlat:

A type of vacuum flange with a knife edge on the
sealing surface; sized by the approximate
outside diameter: 1.33 CF ~1.33 inch ~34 mm,
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2.75" CF ~2.75 inch ~70 mm, 4.5” CF ~4.5 inch
~114 mm.

(The ConFlat flange was invented by Bill
Wheeler at Varian; ConFlat is a registered
trademark of Varian Associates.)

Current Density: j; (emitted current density)
Derived for thermionic  emission  with

Richardson-Dushman equation (related to work
function and temperature). Amperes per meter?,
A/m?

Cut off (also Grid cut off):

(1) Shutting off the flow of electrons/ions to the
target; for electrons, by making the grid voltage
sufficiently negative that the electrons from the
cathode are repelled and do not go through the
grid, or similarly for positive ions, by making the
grid sufficiently positive that the ions in the
source region are repelled.

(2) The minimum grid voltage that reduces the
beam current to zero.

DAQ:

Data acquisition

(1) Communication between a computer
program, such as a LabVIEW™ executable
program, and a physical system, such as an
electron or ion gun power supply

(2) Also refers to computer boards and cables
used to transfer data and control signals to and
from the equipment

Deflection, X and Y Deflection:

(2) Electrostatic or electromagnetic
displacement of the electron/ion beam in a plane
(X-Y) perpendicular to the line of travel (Z) of the
beam; a) Electrostatic by means of voltages
applied to two pairs of plates (X+,X- and Y+,Y-)
, or b) Magnetostatic by currents applied to
deflection coils, arranged around the beam;
used to position the beam on the target,
generally without affecting the focus and energy

of the beam. Also sometimes called centering or
X-Y centering.

(2) The two power supplies that apply voltage to
the deflection plates. Also the manual control on
the power supply panel that control the
deflection power supplies.

Differential Pumping:

Maintaining a different vacuum pressure in the
electron or ion gun and the main vacuum
chamber by connecting separate vacuum
pumps to the two areas, usually using a
Compact Tee differential pumping connector on
the gun.

ECC:

(1) Emission Current Control for Electron Guns:
Feedback circuitry that regulates the source
power supply that heats the filament; used to
maintain a constant emission current from the
cathode.

(2) Emission Current Control For Alkali metal lon
Guns: Feedback circuitry that regulates the
source power supply that heats the alkali metal
cartridge; used to maintain a constant ion
emission current from the ion source.

(3) Electron Current Control for Gas lon Guns:
Feedback circuitry that regulates the source
power supply that heats the filament in the ion
source, so that a constant flow of electrons is
given off; only indirectly controls the production
of ions by the ion source.

(4) Also the power supply panel controls and
switch that control the ECC circuitry.

Electric Field, E:
Typically, a field around an electric charge that

exerts a force on other charges, with attraction
between dis-similar charges, and repulsion
between like charges. Electric fields are created
by electric charges (Gauss's law) or by time
varying magnetic fields (Faraday's law of
induction). For example, an electric field is
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present between the conduction plates of
capacitor while maintain a voltage (potential
difference) between the plates. With an electron
gun, an electric field is created between the
source cathode and the anode to accelerate the
thermionic emitted electrons into an electron
beam. An electric field is also typically created
between the Wehnelt and the cathode source to
modify or temporarily suppress emission.

-on an atomic scale, an electric field is
responsible for the attractive force between the
electrons and the atomic nucleus.

-Sl units, Newtons per Coulomb, N/C
-Volts/meter, V/Im

Electrode:
An electrode is typically an electrical conductor

used to contact a non-metallic part of a circuit. In
an electron gun system, the negative electrode
is the cathode, the positive electrode is the
anode, and the non-metallic medium is the
partial vacuum space. In an EKG system to
measure electrical cardiac activity, electrodes
are placed opposing sides of the chest to
analyze the cardiac rhythm.

electron Volt (eV):
=a unit of energy equivalent to 1.6 x 10'1° joules.

It is amount of energy gained or lost by the
charge of a single electron moving across an
electric potential difference of 1 volt.

1 eV is equivalent to the energy obtained by a
particle with unit electronic charge of (1.6021
x101° coulombs) accelerated by a 1-volt
potential difference and is equal to 1.6021x10
19 joules.

+ eV = kg m?/sec?

+ eV =1.602x 10 joules

* 1eV=Ee) =V X Qe =(1V)x((1.6x10
19C) per electron =1.6x10%°J

* 1leV =Vxe (volt x elementary charge (1))
» For example what is energy in eV in a circuit

with a 20 volt electric field potential and

the charge flow of 40 electron
charges; E =20V x 40e =800 eV

* E@ev) = V) X Qe / 1.602176565 x 101° (Volts
to eV calculation with coulombs)

» To convert from eV to V with e an elementary
charge of1; V=eV/e: for
example 100eV/1=100V

» To convert from eV to V with coulombs,
Vv = 1.602176565 X 101° x E(ev) /Q(c)

Electron Charge e :

» charge carried by a single electron
» e- = electron charge = -1.602176565 x 10

19 C/electron

1 coulomb (C)= 6.242 x 10*8 electrons

Electron Gun:
Also known as an electron emitter source, a

typically system produces a collimated electron
beam that has a precise kinetic energy. A typical
thermionic system is comprised of a heated
cathode, electrodes to generate an electric field,
including a Wehnelt electrode to initially focus
the beam and an anode, with a large potential
difference with the cathode to accelerate and
further focus the electrons. The system typically
needs to function in a moderate to high vacuum
and requires several power supplies for various
components of the systems.

Electron mass:
* 9.11 x 10%%kg/electron

Emission Current:

(1) For Electron Guns: The total electron current
that leaves the cathode and goes to ground (in
mA or pA); equivalent to all the current that exits
the gun (beam current) plus all the current that
lands on grounded elements within the gun.

(2) For lon Guns: The total ion current produced
by the ion source that goes to ground (in mA or
HA), directly measured in only some gun; not
identical to the electron emission current which
causes gas ionization or to the ion beam current
which exits from the gun; equivalent to all the
current that exits the gun (beam current) plus all
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the current that lands on grounded elements
within the gun.

Encoder Wheel:

A disc-shaped rotary switch (thumb wheel) on
early power supplies with FlexPanel control that
adjusts the programming signal of a selected
supply or menu item. The rate of increase/
decrease varies with the speed of rotation.

Emitter:
A device for emitting charged particles, i.e. a

cathode to emit electrons, or an anode to emit
charged ions.

Energy

(1) Kinetic energy of a charged particle emitted
from the gun; equal to Y2amv2, where m is the
particle mass and v is the particle velocity; this
energy is achieved by applying accelerating
voltages to elements of the gun. 1 eV is
equivalent to the energy obtained by a particle
with unit electronic charge (1.6021x101°
coulombs) accelerated by a 1 volt potential
difference and is equal to 1.6021x10-19 joules.
(2) The energy power supply that provides the
electron/ion accelerating voltage; other power
supplies can be referenced to this power supply.
Also, the potentiometer and switch that control
the energy power supply.

(3) For lon Guns: also called lon Energy.

Extract (also G-2):

(1) The second electrostatic lens element in the
ion gun, which provides the potential difference
that extracts the ions from the ion source region
and accelerates them; usually a tube with an
aperture (hole); often grounded, but may be
referenced to Energy and have a variable
voltage.

(2) The power supply that applies voltage to the
extract element in some ion guns. Also, the
potentiometer that controls this power supply.
(3) For lon Guns: also called lon Energy

Faraday cup:

A particle-collecting device consisting of a
shielded cup and output wire; usually used
with an ammeter in series to ground to
measure beam current.

Feedthrough:

Electrical, gas, mechanical and other
connections (wires, tubing, insulators etc.),
usually from vacuum to non-vacuum parts of
a system.

Filament, Fil+, Fil-:

(1) The wire heating part of the standard
cathode or ion source.

(2) Also the positive and negative leads to the
cathode or ion source.

Firing Unit:

(2). For Electron Guns: The part of the gun
that emits the electrons; the assembly that
can be replaced as a unit, usually consisting
of the complete triode (cathode, grid and
anode) or just the cathode and grid; in some
guns, only a part of the firing unit called the
firing unit cartridge needs to be replaced.

(2) For lon Guns: The part of the gun that
produces the ions; the assembly that can be
replaced as a unit, usually consisting of the
gas ion source or alkali metal ion cartridge,
the grid and sometimes extract elements.

Flange Multiplexer:

A vacuum component with one flange surface
(usually 2.75" CF) to connect to a vacuum
port and five smaller flanges (usually 1.33”
CF) for various feedthrough and cable
connections; used as the mounting system
on many electron/ion guns.

FlexPanel:
(1) A Kimball Physics power supply control
panel design featuring a digital screen,
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selector buttons and a single variable control
(up/down arrows).

(2) More specifically, the set of digital interface
controller boards designed by Kimball Physics,
used in power supplies for programmed control
of supplies, metering, and display on a digital
vacuum fluorescent screen. Power supplies with
this controller are considered FlexPanel units
even if they are “black box” style with no manual
controls or display screen.

Focus (also Lens):

(1) One or more electrostatic or magnetic lens
elements in the electron/ion gun that control the
beam spread; usually controls spot size at the
target; in some guns, may control beam
divergence at points internal to the gun.

(2) The power supply that applies voltage or
current to the focus/lens element(s). Also, the
potentiometer that controls this power supply.

Gaussian:
A normal distribution curve: even if a beam
current distribution is not strictly Gaussian, this
term is used to describe distributions that are
brightest in the center of the spot and fade off at
the edges.

G-1, G-2, G-3, G-4:

The series of apertures and electrostatic lens
elements in the electron/ion gun labeled by their
position (first, second, third, fourth) instead of by
common names.

Grid (also G-1 or Wehnelt):
The first electrostatic lens element in the

electron/ion gun; the second element of the
triode in electron guns; provides the first control
and usually focuses the beam to a crossover;
usually a tube with an aperture (hole), but may
be a mesh (like a screen); can be used to cut-off
the beam in most guns.

-The power supply applies voltage to the grid
element. Also, the potentiometer that controls
the grid power supply.

-This is all commonly referred to as the Wehnelt
or grid cap.

Gun Bias Voltage:

This is the voltage between the filament and
Wehnelt cap or grid that shapes the e- beam at
its origin and keeps the filament current
(feedback) at saturation.

High Brightness:
In an electron gun system, typically a cathode

emitter that enables emission of electrons into a
beam with a high current density.

H.V.:

High Voltage, sometimes used as a label on the
Energy switch or to refer to an additional Power
Supply unit needed for a high current electron
gun.

Insertion Length:

The length of the gun that is in vacuum, from the
vacuum sealing surface to the beam-exit end of
the gun.

lon Cage:

The part of the ion source where the gas is
ionized in some ion guns, consisting of a wire
coil that accelerates the ionizing electrons.

lon Emission Current:

The total ion current produced by the ion source
(in mA or JA); not identical to the electron
emission current which causes ionization or to
the ion beam current which exits from the gun.

lonization:

(1). The production of a charged particle (ion)
from a neutral atom or molecule by either the
loss of one or more electrons (positive ion), or
gain of one or more electrons (negative ion).

(2) Electron impact ionization- lonization by
bombarding a gas with electrons, which collide
with and remove electrons from the neutral gas
molecules producing positive ions.

(3) Surface ionization- lonization by heating a
solid alkali metal compound so that ions are
produced in a solid-solid chemical reaction.

lon Source:
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(1) The structure in the ion gun that produces
ions; for gas ions, usually consists of an
electron-emitting filament, shields and an ion
cage; for alkali metal ions, consists of a chemical
cartridge and its heating filament.

(2) Another term for a complete ion gun; the
entire unit made up of the ion source which
creates the ions, and the electrostatic lens
system that controls and focuses the ions to
produce the final ion beam.

Iridium:
A conductive material used to mount or support
materials used as electron emitters (Yttrium)

Kelvin (K):

+ absolute temperature

* 0 Kelvin = absolute zero

* 0 Celsius (C) = 273.16 degrees (K) = triple
point of water

Lanthanum Hexaboride (LaBs):
A cathode material with low work function and

long lifetime; a single crystal structure cut and
mounted on a heating rod; used as a cathode in
some electron guns to produce electrons that
can be focused to a small spot.

LaBs Cathodes:
Kimball Physics manufactures several cathodes

based on LaB®6, including single-crystal, guard
ring, and planner disc.
» Kimball Physics references:

LabVIEW™:

National Instruments Inc. software used by
Kimball Physics to develop programs to control
the electron or ion gun power supply; allows the
system to be operated remotely via a virtual
instrument panel on a computer screen; also
allows automated collection of data.

Langmuir Equation:

Used to determine brightness of thermionic
cathode a is function of emitted current density,
temperature, and beam energy.

Lens (also Focus):

(1) One or more electrostatic or magnetic lens
elements in the electron/ion gun that control the
beam spread; usually controls spot size at the
target; in some guns, may control beam
divergence at points internal to the gun.

(2) The power supply that applies voltage or
current to the focus/lens element(s). Also, the
potentiometer that controls this power supply.

Perveance:
A quantitative term used in the description of

charged particle beams that indicates how
significant the space charge effect is on the
beams motion.

Plasma:

A state of matter in which outer electrons are not
held to the rest of the atoms or molecules, so
there are free electrons and free ions in a gas-
like cloud; used as a source for ions in some
guns.

Power Supply:

(1) The complete unit containing electronic
circuitry, meters, and controls, that takes power
input from the outside line and converts it to
voltages and currents required to run the
electron/ion gun.

(2) An individual group of electronic circuits,
contained in the larger unit, that produces
voltage/current applied to a specific element in
the electron/ion gun.

Pulsing (also Beam Pulsing):

Rapidly stopping and starting the flow of
electrons/ions, with a variable width (time on/off)
and variable repetiton rate; usually
accomplished by rapidly switching the grid
voltage to the cut-off potential; can be controlled
in one of several ways: manual control with the
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grid potentiometer, remote computer control,
dual grid power supplies with a TTL switching
signal, capacitive pulsing with a pulse junction
box and an external pulse generator.

Pulse Junction Box:

A capacitor-containing device that combines
input from an external pulse generator and the
voltage from the grid power supply to vary the
voltage applied to the grid; used to turn the beam
current on and off rapidly; can be a separate box
or part of a Grid Pulsing Cable.

Rastering:

Movement of the electron/fion beam in a
synchronized pattern sweeping back and
forth (X direction) while simultaneously moving
down more slowly (Y direction), then returning to
the start position without sweeping back and
forth (retrace); used to cover an area of the
target region fairly uniformly over time; produced
by two synchronized cyclical voltages or
currents applied to the X and Y deflection plates
or deflection coils in the gun. Rastering may also
be non-synchronized, in which case there is no
retrace segment

Refractory Metal Cathode:
A cathode based on a class of metals that are

extraordinarily resistant to heat and wear.
Elements such as niobium, molybdenum,
tantalum, tungsten and rhenium, with their
melting points above 2000C, their high hardness
and density, and relative chemical inertness are
typically included in this group.

Richardson Constant Ar:

s Ar = A/IM?K?

+ Ar (LaBe) = 29

+ Ar (CeBs) =3.6
Richardson-Dushman Equation:

Equation used to estimate the current density
(emission) from thermionic heated cathode
electron source.

e O :j = A/m2
« 0=j = Ar T2exp(-ed/kT)
+ = ArT? e(-e®/KT)

* Ar = Richardson constant

* T =temperature K

+ ® = work function eV

* k= Boltzmann’s Constant

« -e = electron charge = -1.60 x 101°

Clelectron

Rocking (also Beam rocking):

Movement of the electron/ion beam in an
unsynchronized pattern sweeping back and forth
(X direction), while simultaneously moving up
and down more slowly (Y direction), with no
retrace; used to cover an area of the target
region uniformly over time; produced by
magnetic fields from varying currents in
electrical coils around the beam in the gun.

Schottky Effect:
The effect where a strong electric field (E) at the

cathode surface enhances cathode emission
current density and lowers the barrier to
thermionic emission.

Secondary emission: a phenomenon whereby a
primary incident particle of sufficient energy,
hitting or passing through a surface, induces the
emission of secondary particles.

SEM:

Scanning electron microscopy

Source:
(1) For Electron Guns: The power supply that
produces the voltage and current that heats the
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cathode causing it to emit electrons. Also the
potentiometer and switch that control the source
power supply.

(2) For lon Guns: The power supply that
produces the voltage and current that heats the
filament of the ion source, either causing the
filament to emit electrons for gas ionization, or
heating the alkali metal cartridge for solid
ionization, depending on gun. The potentiometer
and switch that control the source power supply.
(3) The cable and power supply connector that
include the source (filament), grid and other
leads, depending on the electron/ion gun; the
H.V. Multiconductor Source Cable.

(4) lon source See lon Source above.

Space Charge:
The electric field resulting from the presence of

several charged particles (electrons and ions) in
a region of space; can limit the emission of more
electrons from a cathode or limit the ions
extracted from an ion source; can also affect the
path of charged particles through a region.

Spot:

The electron/ion beam at the target area; can be
seen as a (usually circular) light area on a
phosphor screen.

Spot Size:

The diameter (in mm or ym) of a circle that
contains most of the electron/ion beam at a
given distance from the gun (working distance);
measured either visually on a phosphor screen,
or electrically by sampling beam current density
across the spot with a Faraday cup; FWHM (full-
width-half-max) measurement is the width that
includes all beam current densities greater than
half the maximum density.

Sterad: Steradian:
the Sl unit of solid angle, equal to the angle at

the center of a sphere subtended b a part of the
surface equal in area to the square of the radius.

Tantalum:
A refractory metal commonly used as the

electron emitting material in a cathode.

Tantalum Disk Cathode:

A Kimball Physics cathode electron emitter

» Kimball Physics resource:

+ ES-042 Tantalum Disc Cathode

+ ES-042 Tantalum Disc Cathode Tech Doc

Target:
The place (a plane) at which the electron/ion
beam is aimed.

TEM:
Transmission electron microscope: a form of

microscope where the image is derived from
electrons passing through a sample, and where
there is variable passage of electrons through
the various spatial regions (X, y) of the specimen
with the variable attenuation used to create an
image. At lower magnifications TEM
image contrast is due to differential absorption
of electrons related to differences in material due
in composition or thickness. For higher
magnifications, more complex wave interactions
occur and modulate the intensity of the image,
requiring more advanced methods of images
analysis.

Tetrode:

An electron extraction and acceleration unit
used in some electron guns, consisting of four
elements: cathode, grid, a variable first anode,
and a grounded second anode.

Thermionic Emission:

Emission of electrons or ions from a metal or
other coating material by heating the emitter in
order to impart enough energy to overcome the
work function of the emitting material.

Triode:
The basic electron extraction and acceleration

unit of most electron guns, similar to a vacuum
tube, consisting of three elements: cathode, grid
(Wehnelt), and anode.
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Tungsten:
A refractory metal commonly used in cathodes,

because of its high melting point, either as the
electron emission surface or as the heater leg.

Vacuum:
Typically measured in torr (760 torr = 1

atmosphere). Several types of pumping
systems are used to lower pressure to create
vacuum- roughing pumps, ion pumps and
getter pumps.

« Low vacuum ~ 10 torr

 High vacuum ~107 torr

* Note that a high vacuum means lower
pressure and less gas molecules.

Vapor pressure:

The pressure exerted by a vapor in equilibrium
with its condensed phases (liquid or solid) in a
closed space at a given temperature. Vapor
pressure increases with temperature.
Equilibrium vapor pressure can be defined as

the pressure reached when a condensed phase
is in equilibrium with its own vapor. In the case
of an equilibrium solid, such as a crystal, this
can be defined as the pressure when the rate
of sublimation (solid directly to gas) of a solid
matches the rate of deposition of its vapor
phase. For most solids this pressure is very
low. However, with cathodes functioning at
elevated temperature with small physical
dimensions, the magnitude of physical
structure loss secondary to sublimation is
significant and limits the lifetime of the
cathodes.

Wehnelt:
-Another term for grid, G1 or cap, from the

physicist, A. Wehnelt.

-Creates a secondary electric field in the vicinity
of the cathode to influence /control electron
emission

Work function: ®, W:

A material-dependent measure of the work
per unit charge needed to emit a charged
particle (usually an electron) from the
emitting material into the vacuum just
adjacent to the material surface.

« O (LaBs)=2.70eV
« ® (CeBs) =2.65eV
* @ (Tungsten )=4.5¢eV

X axis, Y axis:

Arbitrarily-defined horizontal and vertical
lines used as reference for motion of the
beam in the target area for deflection,
rastering, or alignment; correspond to the
position of four deflection plates in the gun.

Yttrium:

Material with atomic number of 39 that is a
transition metal used for fabrication of
electron sources. At Kimball Physics, the
oxide of Yttrium, Y20s, is used as a coating
on the surface of Iridium and used as an
electron emission source.

Yttria-Coated Iridium Cathodes:
A Kimball Physics thermionic cathode that is

designed for more rugged applications and
is more resistant to oxidation in less
favorable vacuum conditions.

Z axis:

A reference line through the exact center of
the electron or ion gun, in the direction of
electron or ion travel; the approximate beam
line.

Zoom Lens:

A series of electrostatic lens elements in the
electron/ion gun (including anode or G-2,
focus, and sometimes other lenses) that
both focuses and accelerates / decelerates
the beam; allows spot size and beam current
to remain roughly constant as energy is
varied.
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Notes:

1. Charts /graphs show typical performance, data is for guidance only

2. Itis not necessarily possible to achieve all maximum specifications simultaneously.
3. Specifications Subject to Change Without Notice.

4. DE Altobelli 6/6/2023

5. Beta Version New Document- Recommendations, revisions, corrections are

welcomed.

Document: Electron_Gun_Tutorial_Resource_2023_0606
COPYRIGHT KIMBALL PHYSICS 2023, ALL RIGHTS RESERVED
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