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Figure 3.15: (color) ARPES image of angular calibration device 2, taken using 6
eV photons.
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3.6 Data acquisition and system control software

Custom data acquisition and control software for the laser ARPES system
was developed by Nick Plumb (Plumb, 2005). The Labview (National Instru-
ments) based software package, called CU-ARPES, calls upon the Scienta factory
routines for all communication with the electron spectrometer. It also incorporates
motion control for all 5-axes of sample motion, control of multiple optical delay
lines, and control of the sample temperature. The labview platform is incredibly
flexible, allowing new devices to be interfaced easily. With it’s automation capa-
bilities, CU-ARPES allows multi-dimensional data acquisition runs. For example,
a Fermi surface map using ARPES data from many different values of 6 and ¢
could be quickly programmed to run automatically, without the need to manually

adjust parameters.*’

10 Nick rules!
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Figure 3.16: (color) Screenshot of the CU-ARPES (Plumb, 2005) Labview software package showing the main window (upper
left), the manipulator motion control (upper right), the sample temperature controller (lower left) the delay line controller (lower
middle), and the real-time detector monitor (lower right).
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3.7 Sample preparation for low-energy ARPES

Sample selection and preparation for low-energy ARPES differs slightly from
the techniques that have been developed for standard ARPES. As usual, large
single crystal samples with vacuum prepared surfaces (cleaved or annealed) are
desirable for high resolution k-space mapping. Although we have been able to
observe electron bands in un-cleaved BSCCO, an observation not possible with
more surface-sensitive ARPES, the momentum resolution was degraded, likely due
to scattering from surface contaminants. Although low energy ARPES is more
bulk-sensitive than standard ARPES, the photoelectrons are more susceptible to
deflection from stray fields. It is especially important that fields not be generated
near the sample surface, as the photoelectrons necessarily interact strongly with
such fields. Large scale imperfections, such as cracks and flakes on the sample
surface, can cause spatial gradients in the sample work function, resulting in fields
at the surface. Therefore, large, perfectly flat cleaved surfaces are a requirement
for the best momentum resolution. Furthermore, any insulating material, such
as Torr Seal Vacuum epoxy commonly used to secure samples to their holders,
near the sample will likely charge when exposed to photoelectrons. Such charging
this close to the sample will often result in fields strong enough to prevent any
electrons from being detected. Figure 3.17 shows photographs of a well cleaved
Bi2212 sample, mounted on a copper post with no exposed epoxy. For more

information on sample preparation, see section 6.2.
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Figure 3.17: (color) Photograph of a cleaved Bi2212 samples after ARPES mea-
surements. The picture on the right show how the sample is mounted on the
copper post (this copper post is particularly chewed up from multiple mount-

ings).

3.8 Summary

We have developed the first system for performing ARPES using a laser
photon source. This new light source offers high photon flux with low bandwidth
and greatly reduced operating cost compared with synchrotron based sources.
Lasers also allow much greater ease of polarization and focus control than what is
possible with other sources. Extensive magnetic shielding and careful calibration
of the electron spectrometer have enabled us to overcome the difficulties associ-
ated with low energy electron measurement, resulting in the highest momentum
resolution ever achieved with electron spectroscopy. This development is expected
to open up the field of ARPES to a large group of researchers without access to
the limited amount of synchrotron beam time. Also exciting is the possibility to
do time resolved, pump-probe ARPES using the pulsed nature of the Ti:Sapphire

laser.



