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Abstract: X-ray phase contrast nanotomography enables imaging of a wide range of samples
with high spatial resolution in 3D. Near-field holography, as one of the major phase contrast
techniques, is often implemented using X-ray optics such as Kirkpatrick-Baez mirrors, waveguides
and compound refractive lenses. However, these optics are often tailor-made for a specific
beamline and challenging to implement and align. Here, we present a near-field holography setup
based on Fresnel zone plates which is fast and easy to align and provides a smooth illumination
and flat field. The imaging quality of different types of Fresnel zone plates is compared in terms
of the flat-field quality, the achievable resolution and exposure efficiency i.e. the photons arriving
at the detector. Overall, this setup is capable of imaging different types of samples at high spatial
resolution of below 100 nm in 3D with access to the quantitative phase information.

Published by The Optical Society under the terms of the Creative Commons Attribution 4.0 License. Further
distribution of this work must maintain attribution to the author(s) and the published article’s title, journal
citation, and DOI.

1. Introduction

X-ray nanotomography is a powerful tool to image objects in three dimensions (3D) with
high spatial resolution in materials science, biology as well as in medicine. Especially for
low absorbing samples, phase contrast methods such as propagation-based [1–4] and grating-
based [5] phase contrast are frequently used. At the nano scale, there are two major full-field
tomography techniques in use, namely Zernike phase contrast [6,7] and near-field propagation
based microscopy in a cone beam setting (near-field holography, NFH) [8]. NFH at the nano scale
is usually performed using Kirkpatrick-Baez (KB) mirrors, conceivably combined with X-ray
waveguides [9,10]. This technique does allow for nanotomography at high temporal resolutions
[11]. For Zernike phase contrast, most commonly Fresnel zone plates (FZP) and beamshaping
condensers are used [12–15]. The condenser provides a high flux on the sample, but due to the
FZP used as an objective lens behind the sample, the flux on the detector is significantly reduced.
In contrast to NFH, full-field Zernike phase contrast does usually not allow to retrieve the phase
signal quantitatively.

Fresnel zone plates [16] have widely been used as objective lenses in full-field and scanning
transmission X-ray microscopes for many years. Being diffractive optics, their efficiency is
mostly determined by the height of the structures. Especially for hard X-rays, the efficiency is
usually in the range of <10%, limited by the achievable aspect ratio. Nevertheless, using an
FZP as focusing optics, a small symmetric focus of down to 50 nm is commonly achievable.
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Due to the lower structure height required for soft X-rays, a smaller focus of 12 nm is routinely
reached [17]. Focal spot sizes of 7.8 nm have been reported also for hard X-rays, however at
low efficiencies <1% [18]. Multilayer Laue lenses (MLL) in contrast are highly efficient and
generate a comparably small focus [19,20]. These however need extensive alignment and create
a large offset with respect to the optical axis, which is not feasible at all beamlines. In addition
they usually have a very small aperture, which creates the need for pre-focusing. While other
optics such as compound refractive lenses (CRL), KB-mirrors and especially waveguides also
need precise and time consuming alignment, the proposed FZP based holography setup can
be installed relatively fast and easy. Being a rotationally symmetrical 2D structure, usually no
rotational alignment is needed for FZPs.

First attempts of using an FZP based holography setup have been made for soft X-rays in 2D
[21]. However, using an FZP as a focusing element has one disadvantage: The zero diffraction
order or primary beam is not focused by the FZP and thus must be blocked by a beamstop.
Usually, a round, centered beamstop is used, resulting in a dark spot in the center of the image.
Especially for tomography, this is a problem and leads to artifacts in the 3D reconstruction.

In this article, the concept of using an FZP based NFH setup for nanotomography in the hard
X-ray regime is evaluated for the first time. Here, we used a tungsten wedge, covering one half of
the FZP including the zero order, resulting in an off-axis geometry and circumventing the use of
a centered beamstop.

2. Method and materials

2.1. Experimental setup

The off-axis hard X-ray NFH setup has been implemented at the imaging beamline P05
[13,22,23] (Fig. 1(a)) operated by Helmholtz-Zentrum Geesthacht at the PETRA III storage ring
at DESY, Hamburg, Germany. The X-ray beam is monochromized using a Si-111 double crystal
monochromator (DCM) to an energy of 11 keV with a ∆E/E of 1 · 10−4. The experimental
setup is shown in Fig. 1(b): The monochromatic beam is focused by an FZP. Several designs
for the fabrication process of the FZP were considered, manufactured and tested (Table 1) to
evaluate their aptitude for an NFH setup. The goal was to find the FZP design which gives the
best compromise of a smooth illumination, focal spot size and usable flux on the detector.

Table 1. Different zone plates were tested to find the optimal illumination. The results are visialized
in the corresponding panels of Fig. 2. The focus size was calculated from the aperture and focal

length of the lenses, as described in section 3.1. The effective focus size accounts for the effect of
the partial coherence by calculating the convolution of the geometrical image of the source and the

theoretical focus size of the FZP.a

Type Full FZP Off-axis Off-axis Full FZP, stitched Full FZP

Material iridium iridium gold gold gold

Full diameter / µm 300 960 960 960 300

Outer most zone witdh dr / nm 50 50 50 60 50

Focal lenght / mm 113.1 425.9 425.9 511 113.1

Theoretical focus size / nm 61 150* 150* 73 61

Geometrical image of source / nm 74 232 232 279 74

Effective focus size / nm 95 276 276 288 95

Panel Fig. 2 d e c b a

aThe values marked with asterisk (*) are approximated due to the rectangular shape of the aperture.

Iridium based zone doubled structures have demonstrated superior properties in terms of
achievable efficiency due to the high aspect ratio with a structure height of 400 nm. Iridium
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Fig. 1. (a) Beamline overview with relevant hardware components and their distances to the
source. (b) NFH setup. The FZP focuses the coherent part of the beam to a small focal spot.
The beamstop blocks the zero order. The OSAs block the higher diffraction orders from the
FZP. The sample can be placed at different defocus positions in the divergent beam. After a
propagation distance of approximately 16 m, the camera records the holographic projection
of the sample. (c) Layout of an off-axis FZP. (d),(e) Different FZP designs. (d) The HSQ
template used for the iridium FZPs with its support structures before the ALD processing
step. The support structures are arranged perpendicular to the fields. (e) The structure of the
gold FZP is arranged brick-like.

FZPs are manufactured with a template made of hydrogen silsesquioxane (HSQ); subsequently
the actual zone structure is deposited by atomic layer deposition (ALD) on top of the existing
structure [24]. For FZPs with a high aspect ratio it is necessary to incorporate support structures
preventing the structures from collapsing (Fig. 1(d)). A completely different design is chosen
for gold FZPs. The manufacturing process is explained in detail in [25]. For the design of the
gold FZPs we used a brick like geometry (Fig. 1(e)) circumventing the use of continuous support
structures perpendicular to the zone structures.

In order to separate zero and diffracted orders, the center part of the FZP needs to be blocked
by a beamstop (Fig. 1(b)). Since this would conventionally result in a dark center area in the
final image, half of the FZP is covered by a beamstop. As a consequence, the area of the FZP’s
used ("effective aperture") and thus the total flux on the sample is reduced by half. Therefore,
an FZP with a large diameter is chosen to achieve a larger aperture. The diameter of the used
FZP is however limited by the capabilities of the e-beam writer which is currently limited to a
field size of 320 µm at the required resolution. Larger structures can be manufactured but will
have imperfections in the stitching regions and may have reduced optical properties. Another
approach to increase the effective aperture is to manufacture only the necessary part of the FZP
resulting in an off-axis zone plate (Fig. 1(c)). Currently, one major application for off-axis zone
plates is spectroscopy with resonant inelastic X-ray scattering (RIXS) [26]. Modified off-axis
zone plates have also been employed as beam splitters at X-ray free electron lasers [27].

The presented tomographic measurements were performed using a gold FZP with a diameter
of 300 µm and an outer-most zone width of dr = 50 nm. In order to block the unfocused beam, a
beamstop (scatter-less tungsten, 2 mm thickness) is placed in close proximity behind the FZP.
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The order sorting apertures (OSA) are placed in the focal distance f = 133 mm and block the
higher orders from the zone plate. The sample is mounted on a high precision rotation stage
and can be moved along the optical axis on an air-bearing slider to a defocus distance of up to
5 m. The detector is placed in the adjacent experimental hutch at a sample to detector distance z2
of up to 22 m (Fig. 1(a)). With the chosen optics the detector is already fully illuminated at a
distance of 16 m. Due to this large sample to detector distance available at the instrument, no
light optical magnification is needed. This is an advantage, since typical detector systems [28]
used for this purpose consist of a scintillator paired with a microscope objective to decrease the
effective pixel size of an optical camera, suffer from a low quantum efficiency. An X-ray sCMOS
camera (Hamamatsu C12849-101U, Pdet = 6.5 µm pixel size, 2048 × 2048 pixel, 16 bit image
depth) with a 10 µm Gadox scintillator was used as a detector. The scintillation layer is directly
coupled to the sCMOS chip resulting in a high photon efficiency. In between the sample and
the camera, vacuum pipes are installed to reduce air scattering and absorption. Depending on
the sample size, the desired field of view and resolution, the sample is placed in the diverging
beam. The exit wavefield of the sample propagates through free-space which is described by
the Fresnel propagator [29]. The intensities of the resulting near-field diffraction pattern the
so-called in-line hologram are recorded by the detector. The magnification M = (z1 + z2)/z1 and
the effective pixel size Peff = Pdet/M can be changed by moving the sample to a different defocus
distance z1. Usually, one distance is sufficient to perform a reconstruction for homogeneous, low
absorbing specimens justifying the assumption of a pure phase object. In most cases, however,
measurements at several defocus distances are needed in order to retrieve the phase quantitatively.
In this case, a displacement of 1 mm between the defocus distances is found to induce sufficient
variation in the holograms for the phase reconstruction.

2.2. Samples

Two different sample systems have been imaged to show the versatile application of the presented
NFH setup. As a first sample system, low absorbing spider attachment hairs were used. Located at
the spiders’ feet, these 5 µm to 10 µm thick and up to 1 mm long hairs enable these animals to stick
to surfaces and even walk upside down [30–33]. The attachment system is build up hierarchically.
A single attachment hair is comprised of smaller hairs (microtrichia) with diameters of 150 nm
to 300 nm and flattened adhesive tip structures. The principle of these hairs could be used to
develop dry sticky adhesives. For the data presented in this study, one unstained and one stained
hair of the wandering spider Cupiennius salei were used. The latter was stained with iodine and
phosphor-tungstic acid. The single attachment hairs were glued on top of conical sample holders.

As a second sample system, elephant ivory was studied. In contrast to the spider attachment
hairs, this material is not a pure phase object. Due to its outstanding material properties, ivory
recently received an increasing interest [34–36]. The samples were obtained from seizures by the
UK HM Revenue and Customs. A cylindrical sample of 20 µm diameter taken from the outer
part of the tusk was mounted on a sample holder using focused ion beam (FIB) milling. This
leads to a deposition of highly absorbing gallium on the sample. Therefore, the phase retrieval
of this sample is demanding and not possible using direct inversion reconstruction approaches
like the contrast transfer function (CTF). However, NFH allows imaging and reconstruction of
multi-material samples with high density differences.

2.3. Data processing

To obtain the 3D reconstructions from the raw data recorded at one to three defocus distances,
several data processing steps are necessary. First, the raw holographic projections are flat-field
corrected. Due to temporal fluctuations in the illumination caused e.g. by the top-up refilling of
PETRA III or mechanical instabilities of the monochromator, a simple flat-field correction is not
sufficient. Thus, the fluctuations have to be taken into account. A series of flat-field images was
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acquired before and during the acquisiton of the tomographic projections, to sample different
states of the illumination. For each recorded holographic projection image, the best-fitting flat
field was then calculated from the principal components of this series [37,38].

In the second step, the holograms recorded at different defocus distances were aligned and
rescaled according to the computed magnifications (Fresnel scaling [39]) in order to enable
phase reconstructions. The variation in propagation distance adds further information, which are
needed for the subsequent phase retrieval step.

The third step, the phase reconstruction, was computed with up to three holograms using
an iterative projection algorithm [38,40]. The iterates xn of the algorithm are given by xn+1 =
PS(PM(xn)), i.e. alternating projections (AP). The projector PM computes the projection based
on the measured intensities. In case of multiple defocus distances, this is applied in an averaged
manner as described in Hagemann et al. [40].

The sample plane constraints PS should be chosen to match the properties of the sample under
reconstruction. In the case of both sample types, a support and a value range constraint were
applied. The support has been found automatically based on thresholding and morphological
operations during the run of the reconstruction. In the range constraint, the allowed values of the
reconstruction were limited to resemble a pure-phase object by setting the transmitted amplitude
to 1 and restrict phases only to negative values in the case of the spider hair. For the ivory, it was
necessary to allow for variations also in the absorption.

After the phase reconstruction, the reconstructed projections were aligned using the Scale-
Invariant Feature Transform (SIFT) [41] provided as ImageJ plugin. The tomographic reconstruc-
tions were performed with the gridrec algorithm [42] and a Shepp-Logan filter using TomoPy
[43].

The 3D resolution was estimated via the Fourier Shell Correlation (FSC) [44]. The projections
were divided in two stacks and reconstructed separately. The reconstructed stacks were then
used as the input for the FSC and the 1/2 - bit threshold criterion was applied to calculate the
resolution.

3. Results

3.1. Comparison of different FZPs

Various parameters are responsible for the final image resolution and quality (i.e. absence
of artifacts). Artifacts arise mainly by imperfections of the flat-field correction. Therefore,
a smooth illumination is preferable, since it can be corrected with less artifacts [45]. The
resolution is limited by the focal spot size of the focusing optics, but is also influenced by the
degree of coherence [46] and chromaticity [47] of the illumination. In general, the resolution is
limited by dres = k · λ

2NA . In case of a circular FZPs, this depends on the outer most zone width
(dres = 1.22 · dr). In case of off-axis FZPs, the missing angles and the shape of the aperture
have to be considered i.e. dres ≈ k · 2ro

ro−ri
dr, where ro and ri are the inner and outer radius of the

off-axis FZP. For a rectangular shape, k is approximately 1 [48,49]. Taking this into account, we
calculated the approximated focus size in Table 1.

An important aspect effecting the resolution of a large FZP are the coherence properties of the
source. Calculating the transversal coherence length of the undulator source of the beamline
P05 reveals that the coherently illuminated area is limited, especially in horizontal direction:
The transversal coherence length as calculated by LT = (λR)/(2D) at a distance R = 65 m from
the source (size D = 35 µm in horizontal and D = 6.1 µm in vertical direction) is 105 µm in
horizontal direction and 600 µm in vertical direction. Ideally, the aperture of the FZP is chosen
to be in the range of the transversal coherence length. A larger aperture can cause a loss of
resolution, since the FZP is not coherently illuminated and the focus size increases. To account
for the effect of partial coherence, the size of the spot delivered by the zone-plate objective has to
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be described by a convolution of the geometric image of the source and the point spread function
of the optics [50].

However, in perspective of the highly increased coherent flux available at 4th generation
sources [51], different types of FZP designs (Table 1) were tested as focusing optics to evaluate
their aptitude for the presented NFH setup regarding photon flux on the detector and flat-field
quality.

First, iridium FZPs were used for focusing the beam. By using iridium for manufacturing
the FZPs, it is possible to obtain larger aspect ratios, especially with outermost zone widths
significantly below 50 nm. In addition to a full 300 µm FZP, an iridium off-axis FZP was tested.
Due to the larger aperture of the off-axis FZP, five times more counts are recorded at the detector.
Iridium FZPs require a certain type of support structures which generate a spoke-like structure in
the flat-field, see Fig. 1(d). These spokes are a high spatial frequency artifact, which does not
correct well [45], making them unsuitable for near-field holography.

For small outermost zone widths, FZPs made from gold usually have a lower efficiency due to
the smaller aspect ratio achievable. In the cone beam geometry however, these optics produce a
significantly smoother flat-field (Fig. 2(a-c)), resulting in a flat-field corrected hologram with
less artifacts. The reason for this is to be found in the difference in design namely the absence
of support structures. There are significantly more counts on the detector when using the gold
instead of the iridium optics: The 300 µm gold FZP yields about 1.5 times and the off-axis gold
FZP yields 1.7 times more counts than the corresponding iridium optics.

Using a 320 µm × 320 µm off-axis FZP part of a 960 µm FZP (Fig. 1(d)) yields higher flux, but
less fringes are visible (Fig. 2(c,e)). Due to the off-axis geometry, the expected focus size of the
off-axis FZPs increases to approximately 150 nm. Since the aperture of the off-axis zone plate is
about three times larger than the horizontal coherence length, the FZP cannot be fully coherently
illuminated, most likely causing an additional loss of resolution. Taking into account the partial
incoherenct illumitation, the focus increases to 276 nm (Table 1). This is already at the limit of
resolving the finest structures of the spider attachment hair. Additional challenges and limitations
for off-axis focusing optics might arise e.g. due to higher chromaticity requirements and possibly
smaller required zone widths (as discussed in [52] for MLLs). In this case, the resolution is not
sufficient to resolve the microtrichia on the spider hair. Therefore, despite their high flux, off-axis
zone plates cannot be used for high resolution NFH.

Using a full FZP with 960 µm diameter with outer-most zone width of 60 nm yields a theoretical
focus size of dres = 73.2 nm. This FZP however, did not show more visible fringes, indicating a
low resolution. The aperture of the FZP is much larger than the coherence length in horizontal but
also in vertical direction. Thus the theoretical focus size is not reached, limiting the achievable
resolution in NFH. Additionally, imperfections of the stitching process during manufacturing
can also contribute to an enlargement of the focus for example through overlapping illumination
speckles. Remember, each of these speckles is created by one of the e-beam fields.

The gold FZP with 300 µm diameter gave the best results in terms of flat-field quality and
resolution and was therefore used for the following tomographic acquisitions. Using this FZP,
the measured flux at the detector is 1.5×109 photons /s and comparable to a combination of KB
mirror and waveguide used in [9].

3.2. Evaluation of test specimen

For the tomographic scans, 900 projections with an exposure time of 1 s were recorded. Depending
on the composition of the sample, one to three distances are needed for the phase reconstruction.
One distance takes approximately 30 min to acquire, including time for motor movement and
camera readout. The total exposure time for one distance is 900 s, i.e. 15 min and therefore
comparable to a classical transmission X-ray microscope (TXM) tomography scan [53].
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Fig. 2. Comparison of the performance of different FZPs. Left column: Uncorrected flat
field. Middle column: Flat-field corrected hologram of the sample. Right column: Phase
reconstruction of the sample. Scale bar: 10 µm. Black arrows point on smallest fringes
visible. a) "Gold standard" 300 µm diameter gives a homogenous flat field. Spots originate
from inclusions in the diamond beam exit window. A large number of fringes is visible in
the flat field corrected hologram. Many details are visible in the reconstructions. b, c, e) In
the corrected holograms of the 960 µm diameter Au FZP, off-axis Au FZP, and off-axis Ir
FZP, only few fringes are visible. The corresponding reconstructions suffer therefore from
low resolution. d, e) Iridium FZPs: support structures generate a structured flat field which
causes artefacts in the flat-field corrected projections and in the reconstructions (red arrows).
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In order to achieve a reasonable signal on the detector in TXM, a condenser optics with a large
aperture in the mm-range is used to illuminate the sample creating a high flux in the sample
plane [53]. A large fraction of this flux is however not transmitted to the detector due to the low
efficiency of the objective zone plate. In contrast to TXM, NFH is a lensless imaging technique,
so no flux is lost due to inefficient optics placed behind the sample. Thus, the dose is much lower
in NFH compared to standard TXM.

The stained spider hair was measured at a defocus distance of 65 mm resulting in a magnification
of 250× and an effective pixel size of 26 nm. The holograms and reconstruction of the spider
attachment hairs is displayed in Fig. 3. In the flat-field corrected hologram of the stained hair,
fringes are visible in both vertical and horizontal direction over the whole image as indicated by
the arrows in Fig. 3(a). The phase reconstruction (Fig. 3(b)) of this sample was done using three
distances. The structure of the hair can clearly be visualized and single microtrichia are well
resolved. Spherical structures at the end of the hairs originate from the staining and cover the
fine attachment platelets. The staining is therefore leading to severe changes in the structure.
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Fig. 3. Holotomography of a spider hair. (a) Flat-field corrected hologram of a stained spider
hair at 250× magnification. Finest fringes are indicated by arrows. (b) Phase reconstruction
of (a) using three distances. (c) Resolution determined by Fourier shell correlation of the 3D
reconstructed spider hair. The best determined resolution is 90 nm at a pixel size of 26 nm.
(d) Flat field corrected projection of an unstained spider hair at lower magnification (127×).
(e) Phase reconstruction of (d) using 2 distances. (f) 3D rendering of the unstained spider
hair. Scale bars: 5 µm

The unstained spider hair was measured at a defocus distance of 166 mm resulting in a
magnification of 125× and an effective pixel size of 52 nm. Compared to the stained spider hair,
reduced contrast is observed (Fig. 3(d)). This is supposedly due to the staining with heavier
elements. Nevertheless, the phase can be easily reconstructed using two distances, as shown in
Fig. 3(e,f).

Both sample preparations, stained and unstained, can be reconstructed at high quality, resolving
the finest structures of the hair in 3D without artefacts. Although the unstained hair has less
contrast in the hologram, a direct comparison is difficult due to the different magnifications used.



Research Article Vol. 28, No. 25 / 7 December 2020 / Optics Express 37522

Because of the staining induced artefacts at the ends of the small hairs, the use of unstained
samples is preferable. The quality of the reconstructions is comparable, meaning the smallest
features can be resolved and the signal-to-noise ratio is sufficient to easily segment the spider
hair using a simple threshold segmentation (Fig. 3(f)). This shows the high phase sensitivity of
NFH for biological specimen, which allows imaging without staining.

As calculated from the FSC, a half-period resolution of 90 nm was achieved in 3D at a pixel
size of 26 nm for the stained spider hair (Fig. 3(c)). This is well above of the theoretical Rayleigh
resolution (= 1.22 ·dr = 61 nm) and corresponds to 3.5 pixel of the detector, close to the detectors
point spread function of 3 pixels, meaning that the resolution is predominately limited by the
detector system. Other factors like the partial coherence or the sample movement occurring
during the tomographic scans can also reduce the resolution. Due to the larger pixelsize of 52 nm,
the determined resolution for the unstained sample was much lower (176 nm). The achieved
spatial resolution in 3D is comparable to the resolutions recently reached by transmission X-ray
microscopy at the same instrument (absorption 64 nm, Zernike phase contrast 81.9 nm) [53].

The ivory holograms were recorded at a magnification of 127× i.e. at an effective pixel size of
51 nm (Fig. 4(a)). Due to the gallium coating and therefore strong absorption on the rim of the

Fig. 4. Holotomography of ivory. (a) Flat-field corrected projection. (b) Phase reconstruc-
tion of (a) using three distances showing the projected phases. The gallium crust is located
in the right. (c) Tomographic reconstruction, slice in xz direction. (d) 3D rendering of the
tomographic reconstruction with segmented channels (magenta) inside the ivory and Ga
crust on the left. Scale bars: 5 µm
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sample, the phase reconstruction was computed from three distances and needed more complex
processing. Figure 4(b) shows the phase reconstruction of a projection showing some tubules
inside the ivory as well as the gallium crust on the right. In the tomographic reconstruction, the
tubules, as well as density variations in the ivory matrix (flaky like structure) can be visualized.
Not only the low absorbing ivory itself, but also the high absorbing gallium crust could be
reconstructed without artifacts (Fig. 4(c,d)).

4. Conclusion and outlook

In this paper, we showed that with off-axis illumination for near-field holography using a simple
FZP it is possible to obtain high quality 3D reconstructions of different sample types. The
advantages of the NFH configuration of the P05 nanotomography endstation are an easy straight
forward setup and high flexibility due to large range of possible propagation distances. The fine
structures of the spider hair as a pure phase object, as well as the multi-material ivory sample
including highly absorbing parts can be visualized. For the implementation of a FZP based
NFH setup, the choice of a suitable FZP design is crucial. FZPs fabricated from gold give the
smoothest flat field while the support structures needed for the fabrication of iridium FZPs cause
a strongly structured flat field. Due to the limited coherence of the beam, large aperture off-axis
FZPs cannot be fully utilized for performing high resolution NFH currently. These could however
be used for NFH with lower resolution but higher flux. Since the FZP aperture should match the
coherence length of the beam, an FZP with a diameter of 300 µm is a good compromise between
efficiency and achievable resolution. The advantages of the setup using the full 300 µm gold FZP
are the clear and smooth flat field allowing for artefact free reconstruction and its simplicity and
therefore fast setup installation time. A waveguide-based setup yields both a comparable flat field
and similar flux density [9], but requires a more complex alignment procedure, not suitable for a
versatile beamline where different techniques are offered and fast setup switching is beneficial.

A new channelcut monochromator has been installed at the beamline, providing a much more
stable illumination. This is supposed to create an easier flat field correction leading to less
artifacts in the reconstructions.

This setup could greatly benefit from a 4th generation source [51]. The higher and isotropic
coherence allows the use of even larger zone plates. The improved beam parameters and
higher coherent flux will lead to a reduction in scan time, making this setup suitable for in situ
experiments.
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