
Operation of the Angle Resolving Lens on 
Theta Probe

In its angle resolving mode, Thermo Scientific Theta Probe
is operated such that the electron kinetic energy is dispersed
in one direction on its 2-dimensional detector and angular
distribution in the other direction. Figure 1 shows an
image of the detector when Theta Probe is being operated
in this mode.

It is the purpose of this document to describe in
outline how this is achieved.

Figure 1: An image of the output from Thermo Scientific Theta Probe detector.
This shows angular dispersion in one direction and energy dispersion in the
other direction. The sample being analyzed in this case is a silicon wafer
with a thin layer of oxide on its surface.

1. Optical Analogy

A convenient method for illustrating the way in which
Theta Probe lens operates is by means of an optical analogy.

1.1 Analyzer Energy Dispersion Plane

Figure 2 shows the optical analogy for a two-lens system.
Lens combinations of this type are frequently used as XPS
transfer optics. Photoelectrons emitted from the sample are
focused by Lens 1 and form an image at Image Plane 1. 
A second lens, Lens 2, forms a photoelectron image of 
the sample at the analyzer input slit. Electrons reach the
slit plane at a point which is dependent upon their initial
position at the sample. In this mode of operation the
analyzer slit plane is a second image plane.

Figure 2: The optical analogy for the energy dispersive plane of the transfer
lens in the in Theta Probe.

1.2 Analyzer Angular Dispersion Plane

To obtain angular dispersion at the analyzer slit plane, the
focal length of Lens 2 must be changed. Figure 3 shows
the requirement.

The focal length of Lens 2 needs to be set such that it
is equal to the distance between Image Plane 1 and Lens 2.
As can be seen from Figure 3, this means that the position
at which the electrons reach the slit plane is independent
of their initial position on the sample but is dependent
upon the angle at which they leave the sample surface, 
i.e. a diffraction image is formed at the analyzer slit plane.

This is the means by which the angular distribution of
the electrons as they leave the sample surface is converted
to spatial distribution at the input to the Analyzer in the
angular dispersive plane.

Figure 3: The optical analogy for the angle dispersive plane of the transfer
lens in Theta Probe.
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The hemispherical analyzer on Theta Probe is a focusing
element as well as an energy filter and so the angle and
position of the electrons as they enter the analyzer is
mirrored at the exit plane.

2. Practical Implementation

When Theta Probe is operated in its angle resolving mode,
the electron optical system is similar to Figure 2 in the
energy dispersive plane and similar to Figure 3 in the 
non-dispersive plane.

For optimum performance, Lens 1 in Theta Probe is
designed to have two important features.

1. It must collect photoelectrons over a wide angular
range to allow angular measurements to be made from
near normal to near grazing angles. This also
maximizes sensitivity.

2. It must be operated at high magnification to keep the
angle of the electrons into Lens 2 as small as possible.

For these reasons Lens 1 has a large diameter and a
maximum collection angle of 60°. It is designed to operate
with a magnification of 4 so that the angular range of
electrons into Lens 2 is ± 7.5°.

Lens 2 must be capable of providing a different focal
length in each plane. This is accomplished using a
quadrupole lens, illustrated in Figure 4.

The quadrupole lens in Theta Probe is similar to a
conventional three-element cylindrical lens but the central
element is divided longitudinally into four quadrants. If
the same potential is applied to all of these quadrants then
the lens operates in the same way as a conventional three-
element lens and the focal length in the xz plane is the
same as that in the yz plane. 

In Theta Probe opposite pairs of the central lens
elements are connected together and a different potential
can be applied to each pair. This has the result that the
focal length in the xz plane is different from the focal length
in the yz plane. This allows the required combination 
of conditions illustrated in Figures 2 and 3. With a real
image forming at the analyzer’s input slit in the energy
dispersive direction and a diffraction image formed in 
the other direction.

Taking into account the focusing properties of 
the analyzer, the electrons are then dispersed onto the 
two-dimensional detector such that in one direction the
position on the detector is determined by the kinetic energy
of the electrons and in the other direction the position on
the detector is determined by the angle at which the electrons
left the sample surface in the angular dispersive plane.

Figure 4: Schematic diagram of a quadrupole lens

Figure 5: Components of the emission angle in the energy dispersive and
angular dispersive planes

3. Compound Angles

A photoelectron emitted at an angle γ with respect to the
surface normal, see Figure 5, is likely to have components
of its direction in both the energy dispersive plane (α in
Figure 5) and the angular dispersive plane (β). This electron
will reach the detector at position which depends upon its
total kinetic energy and the angle β. The position of the
detected electron is totally independent of a. 

The maximum value for β is 30° and for α is about 2.5°
when Theta Probe is operated in its angle resolving mode.

4. Electron Trajectories

Figures 6 to 8 illustrate the trajectories of electrons through
the lens and analyzer when Theta Probe is operated in its
angle resolving mode. 

Figure 6 shows the trajectory of the electrons in the
energy dispersive plane of the analyzer. Figure 7 shows the
trajectories in the angle resolving direction while Figure 8
shows the combination of these two sets of rays.
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Figure 6: Trajectory of electrons through Theta Probe showing the energy
dispersion. The electron trajectories shown are for electrons of differing
energies but with the same input angle in the angular dispersive plane.

Figure 7: Trajectory of electrons through Theta Probe showing the angular
dispersion. The electron trajectories shown are for electrons of the same
energy but with differing input angles in the angular dispersive plane.

Figure 8: Trajectory of electrons through Theta Probe showing both the
energy dispersion and the angular dispersion.
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