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Fig. 3. (C), (D) RIXS maps created from an ∼11 µm (in the imaging
dimension y ) wide spot on a VO2 thin film using an analyzer zone plate.
(A), (B) RIXS spectra can be obtained by making cuts at fixed incident
energies. For the acquisition of (A) and (C), the zone plate focuses elastic
emission and moves along with the incident energy. For the acquisition of
(B), (D), and (E), the analyzer zone plate focuses the constant-energy fluo-
rescence emission. The trapezoid shape in (C) results from the corrected
change of zone plate dispersion. (E) An absorption spectrum is obtained
by averaging emitted energies.

dispersion, the vertical spatial sample coordinate y can be decou-
pled from the incident energy axis z. To visualize the corrected
dataset, Fig. 2 shows the three projections of this 3D data onto 2D
planes, as well as a 3D-isosurface of 70% relative intensity. RIXS
maps showing x-ray emission depending on incident energy can
be extracted from different positions of the illuminated sample by
slicing this data set in the x , z plane. Furthermore, x , y and y , z
slices, respectively, show the spatially dependent x-ray emission and
partial fluorescence yield absorption data. In Fig. 3, RIXS maps
taken from the center of the microsquares are shown. To increase
statistics, the signal is averaged over ∼11 µm on the sample.

As already discussed above, the use of the AZP has the con-
sequence that only a limited range of the emission spectrum is
sufficiently focused at a time. For example, accepting a minimum
energy resolution of 500 meV allows to use an emitted energy
bandwidth 21E of approximately 1060 meV [see Eq. (2)]. To
cover a larger emission energy range, the longitudinal AZP position
needs to be adapted. This behavior necessitates different strate-
gies when recording RIXS maps with the RIXS-imaging setup:
focusing on fluorescence features at constant emission energy
requires that the AZP is kept at a fixed position (Fig. 3D). To focus
on constant energy transfer features instead, the AZP is scanned
along with the incident energy, as shown in Fig. 3(C) for elastic
emission. In the latter case, the movement is necessary to adapt the
focal length of the AZP to the scanned incident energy. A conse-
quence of the AZP movement is a change in its dispersion, which is
compensated for in the data analysis (Fig. 3). Acquisition times for
the data shown in Fig. 3 are discussed in Supplement 1.

The strategy to measure RIXS maps with the RIXS-imaging
setup is different compared to conventional grating spectrome-
ters, where a full RIXS spectrum from one point on the sample
is measured without any scan and a RIXS map is recorded when
scanning only the monochromator. With our setup, the strategy
of acquiring a complete (one-dimensional) RIXS spectrum (at
fixed excitation energy) in focus requires the AZP position to be
scanned. However, this directly yields a full RIXS spectrum for

every point on the sample, coupled to slightly different excitation
energies (2D information). Measuring a 2D RIXS map with a large
range of emission energies in focus therefore requires an independ-
ent scan of the monochromator and the AZP focus, which in turn
directly yields 3D information, i.e., full RIXS maps for all positions
along the illuminated part of the sample. The full advantages of
parallelization in our setup are realized when RIXS maps for each
point on the sample are to be recorded within a small range of
emission energies. For such a scheme, the AZP can be kept fixed,
and only the monochromator needs to be scanned.

Comparing the transmission zone-plate-based setup to reflec-
tion grating spectrometers, the performance parameters are quite
similar: diffraction efficiencies can be optimized for both transmis-
sive and reflective optics for certain energy ranges and are typically
on the order of 10%–20% across the soft x-ray range. The achiev-
able energy range is determined largely by the mechanical degrees
of freedom. While reflection gratings are often corrected for optical
aberrations within a limited energy range, the transmission zone
plate is in principle a perfect optic and thus is not limited in the
energy range. Practically though, the entrance and exit arm lengths
as well as magnification considerations limit the range similarly.
The collected solid angle of our AZP setup is 4 × 10−4 sr, which
compares with grating collection angles on the order of 4 × 10−5 sr
[14]. We stress though that our setup is very forgiving towards
angular misalignment of several degrees, while reflection gratings,
typically operated at about 2◦ grazing incidence angle, are very
sensitive in this respect [12–15].

Our setup aims at a parallel acquisition at the cost of the nar-
rower emission energy bandwidth that is properly imaged on
the detector. In the future, this bandwidth can be increased by
using a radially smaller AZP (at the expense of acceptance angle).
For instance, reducing the zone plate width from the present 3
to 1.5 mm while keeping the outer radius fixed would result in a
substantial reduction in average energy, broadening from 0.94 to
0.37 eV per 1 eV deviation from the energy that is focused (i.e., to
about 40%), whereas reducing the size of the aperture of the zone
plate reduces the accepted solid angle only to 50%. Depending on
experimental requirements, an optimization is possible and can
also be chosen in situ with movable apertures close to the AZP.

4. SUMMARY

In summary, we demonstrate RIXS measurements with a spatial
resolution down to 1.8 µm with our RIXS-imaging setup based
on an off-axis Fresnel zone plate. This measurement technique
provides the additional ability to utilize the entire dispersed undu-
lator harmonic without compromising the energy resolution of the
spectrometer. As opposed to conventional spectrometers, we can
use an x-ray focus line of nearly 1 mm length for efficient in-parallel
recording of spatial and spectral information while maximizing the
photon flux on the sample and partially compensating for naturally
low soft x-ray RIXS cross-sections.
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