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Abstract

The 3m TGM VUV beamline at CAMD/LSU was realigned to achieve better
illumination of the monochromator gratings with the goal of substantially increasing the
flux at the higher photon energies. This is partly accomplished through a tilting of the
monochromator (by about of 13.5°), with respect to the plane defined by the synchrotron,
providing a smaller grazing angle at the initial mirrors. The improved performance of the
beamline permits resonant photoemission studies at Gd 4d core threshold without

resorting to second order light which we demonstrate for Gd doped HfO..

PACS: 79.60.Ai, 68.55.Ln, 29.40.Wk, 81.05.J
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1. Introduction

The 3m toroidal grating monochromator (3m TGM) beamline at CAMD/LSU has
an unusual beamline geometry. This geometry addresses some deficiencies typical of the
shorter toroidal grating monochomators: dramatic trade-offs between the photon energy
range of the monochromator and resolution. As a demonstration of the capabilities of the
beamline - photoemission endstation combination, we present the resonant photoemission
data for 3% Gd doped HfO,, though the Gd 4d core threshold. These measurements

would normally be at the limits of what should be possible for a shorter TGM beamline.

2. Experimental details

The basic concept of the 3m TGM beamline involved tilting the monochromator
out of the plane of the synchrotron, as indicated in Figure 1, and taking a larger solid
angle (24 mrad) from the synchrotron onto the front end mirror than is typical. This
arrangement means that the light illuminates the initial mirrors at a smaller grazing angle.
This approach improved the illumination of the monochromator gratings and results in a
substantially wider range of photons which reasonably can be used in experiments,
particularly at the high photon energies, without loss of resolution. In addition, the
beamline focus matches the sample position of the sample target chamber. The current
beamline configuration is equipped with a photoemission endstation with 50 mm
hemispherical electron energy analyzer, set up for angle resolved photoemission [1].

The combined resolution of the beamline and photoemission end station is

limited, in the current geometry, by the end station (the electron energy analyzer and the



limited field shielding of the end station) not the optics to about 70 meV combined
resolution, as indicated in the photoemission spectra (Figure 2).

The value of the current arrangement is demonstrated in studies of the valence
band of HfO, with a 3% doping level of Gd. For such systems, the Gd states are normally
difficult to observe, but evidence of the Gd 4f states can be enhanced in resonant
photoemission. Given the normal “cut-off” of the 3 m TGM, this is usually done in the
photon energy range above 140 eV by using second order light, but with the current
geometry of the 3m TGM, first order light use can be extended up to about of 180 eV. At

these higher photon energies, the combined beamline/analyzer resolution was ~150 meV.

3. Results and Discussion

In order to assist in the identification of the Gd 4f contributions to the O 2p
feature of very lightly Gd doped HfO, (seen in Figure 2), we performed resonant
photoemission (i.e. constant initial state spectroscopy) measurements. The Gd-doped
(3%) HfO, films were deposited on a single crystal silicon (100) p-type substrate using
pulsed laser deposition (PLD). The Gd-HfO, target was prepared using HfO, and Gd,03
powders, in a mixture of H, and Ar (8% Hy) to introduce the necessary oxygen vacancies
to make the Gd doped HfO, film n-type (see references [2,3] for additional details). The
valence band photoemission spectra were taken through the 125-182 eV photon range at
a 45 degree light incidence angle.

The photoelectron intensity, determined from the feature at about 9.5 eV binding
energy (fitted by components A and B), is strongly enhanced at about 148 eV photon

energy, as shown in the inset to Fig. 2. It is clear that the resonant enhancements in the



photoemission intensity, from this 9.5 eV binding energy initial state, occurs at photon
energies corresponding to the binding energy of the Gd 4dz, (147 eV) shallow core. This
is a super Coster-Kronig transition as the principal quantum number does not change, i.e.
this is a 4ds, --> 4fs5, excitation followed by decay and an Auger electron like emission
[4, 5]. The resonant photoemission process occurs because of an excitation from the 4d
cores to a bound state, but with a final state identical to that resulting from direct
photoemission from Gd 4f states [4,5].

Thus this feature at 9.5 eV binding energy has strong Gd weight, and is of Gd 4f
character. Thus the Gd-4f binding energy appears to be at a binding energy of about 5.5
eV below the valence band maximum inside the O-2p envelope, but close to the bottom.
This indicates that strong Gd 4f to O 2p hybridization likely occurs in this system, though

the Gd 4f states are often treated as shallow cores.
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Figure captions

Figure 1. Layout of the 3mTGM beamline at CAMD.

Figure 2: Photoemission in the region of the O 2p for an n-type HfO,, with the resonant
photoemission for Gd-doped films of HfO, shown in the inset at the upper right.
Tests of resolution at Fermi level for an Ag surface is shown at the upper left, for

two sample temperatures (filled symbols for 80 K, open symbols for 760 K).






Figure 2.
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