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Abstract

We have performed X-ray absorption and valence band photoemission spectroscopy on ZrB,, which has the same
AlB, structure of MgB,, to study the electronic structure. From X-ray absorption spectra near the B 1s-2p threshold,
we found a small absorption edge at 188.23 eV with a negligible angular dependence upto 190 eV photon energy. This
indicates that B 2p partial density of states near the Fermi level (EF) is three dimensional, in sharp contrast to that of
MgB,. Resonant photoemission study across the B 1s—2p threshold was found to be difficult due to a large contribution
of Auger electrons. On the other hand, resonant photoemission across the Zr 3p—4d threshold does show small change
in intensity within 4 eV of Er. This indicates that the occupied states near Er have substantial Zr 4d character. These
observations are in relatively good agreement with band structure calculations.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction MgB, [1], diborides have attracted renewed at-

tention because of motivations like obtaining

Diborides (MB,, M =metals) have been studied
for a long time due to the industrially important
properties such as high melting point, hardness,
chemical stability and so on. After the unexpected
discovery of high temperature superconductivity in
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higher transition temperatures (7.) in the related
materials and understanding the mechanism of
the superconductivity in MgB, by comparing the
electronic structures [2].

Among the diborides, ZrB, was reported to be a
superconductor [3], though later a severe sample
dependence (7, = 0-5.5 K) of the superconduc-
tivity was found. For the electronic structure, long
time ago, lhara et al. have performed X-ray
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photoemission study and concluded the impor-
tance of the graphitic boron network of the elec-
tronic structure with the help of band calculations
[4]. However, while comparison of the calculated
electronic structure with that of MgB, has been
reported recently, detailed experimental studies are
not reported.

In this paper, we present X-ray absorption
(XA) and resonant photoemission (RPE) spec-
troscopy of ZrB, high quality single crystals. We
discuss the overall electronic structure: the occu-
pied and unoccupied states, the contribution of
boron and/or zirconium atoms, and the dimensi-
onality of boron network.

2. Experimental

The ZrB; single crystals (typical size of 5 x 5 x 3
mm?) were synthesized by the floating zone
method as described in detail in Ref. [5]. XA and
RPE measurements were performed at BL19B of
Photon Factory, High Energy Accelerator Re-
search Organization, Japan. We checked the ori-
entation of all the samples using Laue diffraction
pattern, and measured with two configurations as
shown in the inset of Fig. 1; (a) the incident pho-
ton direction is parallel to the c-axis with the
electronic field parallel to the a-axis or (b) the in-
cident photon direction is 60° with respect to the
c-axis with the electronic field in the ac plane. We
call those configurations as (a) k||c and (b) k||a for
convenience. All the sample surfaces in this study
were prepared by scraping with a diamond filer
inside ultra-high vacuum at room temperature and
all the measurements were done at room temper-
ature. The base pressure of the measurement
chamber was about 8 x 107!'° Torr. The photon
energies were in the B 1s-2p threshold region (180-
220 eV) and the Zr 3p—4d threshold region (325-
355 eV). XA spectra in the total electron yield
(TEY) mode were recorded by measuring sample
current. We measured XA spectra by the total
fluorescence yield (TFY) mode using an X-ray
ultraviolet (XUV) silicon photodiode with an
energy resolution of about 300 meV, which is known
to be more bulk sensitive than the TEY mode, and
we obtained the same results as the TEY mode. In
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Fig. 1. Bls-2p XA spectra. The solid line shows the klc
spectrum and the broken line shows the k||a spectrum. The inset
shows the ‘k||¢’ and ‘k||a’ configurations.

this paper, we show only the results of the TEY
mode because of its better signal to noise ratio.
PE measurements were performed using a VG
CLAM4 photoelectron energy analyzer with a
total energy resolution of about 300 meV. The
photon energy was calibrated using the Au 4f core
level and using the second order light. When the
signal of the second order light was too week, we
made calibration using the Au 4f core level energy
position. The accuracy of the photon energy was
better than 100 meV.

3. Results and discussion

Fig. 1 shows the XA spectra of ZrB, across the
B 1s-2p threshold region, which reflect the B2p
partial unoccupied density of states (DOS). The
horizontal axis shows the incident photon energy.
The solid line shows the k|lc spectrum and the
broken line shows the k|ja spectrum. Apart from
photon energy scale of 190-194 eV, these two
spectra are very similar to each other. The differ-
ence of the spectra between the k||c and k|la con-
figurations reflects the symmetry of the electronic
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states. Since the incident photon is linearly polar-
ized, the electrons dispersing in the ab plane are
easily excited in k||c configuration and those dis-
persing along the c-axis are easily excited in k||a.
Considering these, we can infer two different
symmetries for B2p unoccupied states. The k||c
spectrum should correspond to B2p, states and
the k|la spectrum should correspond to B2p,
states, whose assigns as well as spectral shapes
show quite good agreement with the band calcu-
lation [6]. Vertical arrow indicates the energy po-
sition of the B 1s core level at 188.23 eV, which was
determined by PE measurement. The absorption
edge position is almost the same as that of the B 1s
core level. This result indicates, as expected for a
normal metal, that the exciton effect is not so im-
portant. The fact that the spectra near the ab-
sorption edge accord with each other indicates
B2p electronic states near the Er are three di-
mensional, in contrast to MgB, case [7], where
they are two dimensional. Following the XA
study, we measured PE spectra in this energy re-
gion, and observed a strong peak originated from
Auger clectrons. PE spectra of MgB, polycrystal-
line samples measured in the same energy region
also show a strong Auger peak. These results in-
dicates that Bl1s-2p resonant photoemission
spectroscopy is not suited to study the electronic
structure of the diborides due to a large contri-
bution of the Auger process.

Fig. 2 shows the XA spectra in the Zr3p-4d
threshold region. The solid line shows the k||c
spectrum and the broken line shows the kla
spectrum. Different from the B 1s-2p threshold
region, the XA spectra in this energy region do not
reflect the partial DOS of Zr4d but the local
electronic states connected with multipole corre-
lation effect [8]. The Zr4d electronic states are
three dimensional since there is no difference be-
tween the spectra of the two configurations.

Fig. 3 shows the photon energy dependence of
the PE spectra across the Zr3p—4d threshold re-
gion. In Fig. 3, curve (a) shows a off-resonance
spectrum and curve (b) and (c) show on-resonance
spectra. We observed a clear Fermi edge and three
features around 3, 6, and 11 eV binding energies
(inset). The spectral shape is nearly the same as the
XPS result of Thara et al. [5]. The most conspicu-
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Fig. 2. Zr3p-4d XA spectra. The solid line shows the k||c
spectrum and the broken line shows the k|| spectrum.
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Fig. 3. The photon energy dependence of PE spectra in the
Zr 3p-4d region. From 0 to 4 eV binding energy, we observe
anti-resonance effect. The inset shows the valence band spec-
trum in the wide energy region, which has three components
around 3, 6, and 11 eV binding energies.

ous difference between the off- and on-resonance
spectra is the intensity reduction within 4 eV
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binding energy of Eg, where the PE intensity is
slightly suppressed in the spectra obtained at
333.21 and 345.72 eV. This result indicates that
ZrB, shows an anti-resonant behavior and that
Zr4d electrons substantial around that binding
energy region, which is consistent with the calcu-
lated band structures [6].

In summary, we measured XA spectra and PE
spectra of ZrB, in the B1s-2p threshold region
and the Zr 3p—4d threshold region. The XA spec-
tra and its polarization dependence on the B 1s-2p
threshold region show that unoccupied states near
Er consist of both B2p, and B2p; states, providing
evidence for three dimensional states near Er. In
the B1s—2p threshold region, since we observed
strong Auger signals on the PE spectra in the ZrB,
and MgB,, it was hard to identify the resonance
effect. PE spectra of Zr3p-4d threshold region
show anti-resonance effect, which indicates that
the Zr4d contribution dominates within 4 eV
binding energy of Er. The experimentally deter-

mined electronic structure of ZrB, is consistent
with band structure calculations.
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