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Coherent X-ray diffraction imaging is a lens-less microscopy technique that

emerged with the advent of third-generation synchrotrons, modern detectors

and computers. It can image isolated micrometre-sized objects with a spatial

resolution of a few nanometres. The method is based on the inversion of the

speckle pattern in the far field produced by the scattering from the object under

coherent illumination. The retrieval of the missing phase is performed using an

iterative algorithm that numerically phases the amplitudes from the intensities

of speckles measured with sufficient oversampling. Two- and three-dimensional

imaging is obtained by simple inverse Fourier transform. This lens-less imaging

technique has been applied to various specimens for their structural char-

acterization on the nanoscale. Here, we review the theoretical and experimental

elements of the technique, its achievements, and its limitations at third-

generation synchrotrons. We also discuss the new opportunities offered by

modern fourth-generation synchrotrons and outline the developments necessary

to maximize the potential of the technique.

1. Introduction

There has been growing interest in using X-rays as a probe for

high-resolution imaging. According to the Abbe resolution

criterion, the short wavelength of X-rays enables high resol-

ving power, allowing them to penetrate the internal structure

of thick optically opaque specimens. Thanks to these proper-

ties, X-ray imaging is used intensively in many fields of

applications and is being constantly improved and developed

(Baruchel et al., 2008; Jacobsen, 2019). In contrast to visible

light microscopy, the use of lenses for image formation in the

X-ray regime is limited by the challenges of manufacturing

high-quality lenses and their resulting low efficiency (Chao et

al., 2005). The advent of powerful X-ray sources such as

synchrotrons and free-electron lasers paved the way for the

emergence of lens-less imaging techniques that use X-ray

beams with a high degree of coherence. In particular, coherent

X-ray diffraction imaging (CXDI), demonstrated in 1999

(Miao et al., 1999), enabled innovative high-resolution X-ray

imaging modalities capable of achieving nanometre-scale

resolution without the need for lenses. With this method, an

image of a specimen is recovered using numerical algorithms

applied to its diffraction pattern.

Modern detectors, the development of phase-retrieval

algorithms and the boosting of computational power laid the

foundations for developing new coherent X-ray imaging

techniques (Chapman & Nugent, 2010; Cloetens et al., 1999).

This led to the implementation of two classes of X-ray

microscopy. The first recovers an image from diffraction

patterns recorded in the near-field (Fresnel diffraction)

regime, with notable techniques including in-line holography
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(Cloetens et al., 1999; Mokso et al., 2007; Soltau et al., 2021;

Kalbfleisch et al., 2022), speckle tracking imaging (Bérujon et

al., 2012) and near-field ptychography (Stockmar et al., 2013).

The resolution of the obtained images is given by the detector

pixel size and/or source size. The second class of techniques

uses far-field diffraction patterns (Fraunhofer diffraction) to

recover an image at the resolution given by the largest scat-

tering angle where the diffraction signal is observed. Among

the implemented methods are CXDI in forward-scattering

geometry for microscopy of isolated non-crystalline specimens

(Miao et al., 1999; Chapman et al., 2006), CXDI in Bragg

geometry for imaging strain fields in nanocrystals (Pfeifer et

al., 2006; Robinson & Harder, 2009; Sun & Singer, 2024) and

their shapes (Robinson et al., 2001), Fourier transform holo-

graphy (Stroke & Falconer, 1964; McNulty et al., 1992; Eisebitt

et al., 2004) and scanning coherent imaging via far-field

ptychography to visualize extended specimens (Rodenburg et

al., 2007; Thibault et al., 2008; Dierolf et al., 2010; Pfeiffer,

2018). Owing to the robustness of the ptychographic recon-

struction algorithm, ptychography became a leading technique

for 3D quantitative high-resolution imaging (Holler et al.,

2017; Aidukas et al., 2024).

Clearly, all the above-mentioned imaging techniques can

gain a lot from the upgrades of synchrotron sources that have

been accomplished recently or that are currently underway

worldwide. In this paper, we focus on CXDI in forward-scat-

tering geometry. The development of CXDI has been driven

by the prospect of single-particle imaging of biomolecules at

X-ray free-electron laser (XFEL) facilities (Neutze et al.,

2000). At synchrotrons, CXDI has found its utility for 3D

imaging of isolated microscopic specimens, and its capabilities

can be further enhanced at fourth-generation synchrotron

sources.

2. Numerical lens

Classical microscopy schemes use lenses for magnified image

formation. The manufacture of X-ray lenses is technically

challenging and even the best quality lenses still can suffer

from low efficiency (Chao et al., 2005; Bajt et al., 2018). CXDI

operates without objective lenses. Fig. 1(a) shows the

standard experimental geometry for plane-wave CXDI. An

isolated specimen is placed on a thin Si3N4 membrane

(transparent to X-rays) and can be rotated about the vertical

axis for tomographic measurements. The microscopic

specimen is illuminated by a monochromatic X-ray beam with

a high degree of coherence, typically twice as large as the

specimen’s size.

The resulting far-field diffraction pattern I(q) (q is the

scattering vector) from an isolated sample contains high- and

low-intensity interference modulations called speckles. The

speckle pattern encodes information on the exact spatial

distribution of the electron density f in the sample. Within the

Born approximation, the Fourier transform F of the projected

two-dimensional electron distribution is proportional to the

scattered electromagnetic wavefield F at the detector plane in

the far-field regime. Unfortunately, only the square amplitude

of the wavefield is measured and the phase � information,

essential for the inversion, is lost. It was proposed (Sayre,

1952; Miao et al., 1998) and demonstrated (Miao et al., 1999)

that the missing phase can be retrieved by sampling the

diffraction pattern at a resolution twice higher than the

Nyquist frequency.

Numerical iterative phase retrieval (IPR) algorithms have

been designed (Gerchberg & Saxton, 1972; Fienup, 1987;

Luke, 2004) to retrieve the missing phase and hence obtain an

image of the sample via the inverse Fourier transform F� 1

[Fig. 1(b)]. In this respect, the iterative algorithm can be

regarded as a numerical lens. The algorithm uses the measured

amplitudes
ffiffiffiffiffiffiffiffi
IðqÞ

p
to replace the Fourier amplitudes in reci-

procal space and support constraints (Fienup, 1987) in real

space. Generally, the iterative reconstruction starts from a

random initial guess of an object and its support. The support

is the finite and compact region in real space with non-zero

electron density. During the iterations, the initial support can

be gradually refined; for example, by using the shrink-wrap

algorithm (Marchesini et al., 2003). Usually, a few thousand

iterations are sufficient to achieve convergence. Typically, tens

of reconstruction attempts are performed each time, starting

from a random guess of the object. Only the results with the

lowest error metric are retained for averaging to obtain the

final reconstruction (Favre-Nicolin et al., 2020b).

There are alternative approaches for final image formation;

for example, one approach uses the standard averaging

method combined with an optimization procedure (Chen et

al., 2007). Algorithms first developed for 2D imaging can be

applied to 3D data sets using a 3D fast Fourier transform

(FFT). High-performance software is available for this
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Figure 1
(a) Experimental geometry of CXDI. (b) Iterative phase retrieval algo-
rithm scheme – numerical lens.



purpose (Chapman et al., 2006; Favre-Nicolin et al., 2020a). In

3D CXDI, the 3D diffraction volume is assembled from 2D

diffraction patterns recorded at different sample tilts !, taking

into account the Ewald sphere curvature, thus overcoming the

depth-of-focus limitations encountered in thick objects

(Chapman et al., 2006).

Although the IPR is a key element in CXDI, its ability to

converge to an optimal solution depends on the quality of the

measured diffraction patterns. Two major criteria determine

the quality of the data. Firstly, the linear sampling ratio of the

data � must be � > 21/N, where N is the space dimension (Miao

et al., 1998); that is, the number of correlated intensities must

be larger than the number of unknown variables. The

experimental reality dictates that � must be 3 or higher to

ensure convergence of the IPR and reduce image artifacts

(Song et al., 2007). Secondly, the quantity of missing data

[white areas on the detector, Fig. 1(a)], in particular the

number of speckles in proximity to the direct beam, must be

reduced to a fraction of the central speckle (Miao et al., 2005).

The problem in CXDI is that the direct beam must be blocked,

as current detectors do not have enough dynamic range to

cope with the intensity of the direct beam. Therefore, a

beamstop is always used to block the direct beam, which

necessarily masks the central speckles to a certain extent.

Strategies to address this issue include the use of a semi-

transparent beamstop (Wilke et al., 2013) or the numerical

mitigation of low-frequency information loss through a

constrained power operator (Thibault et al., 2006).

The challenge of missing data becomes more relevant for

3D CXDI. In this case, the object is rotated about one axis to

collect a series of diffraction data at different object tilts !

[Fig. 1(a)]. The available angles for the tomographic scan are

usually limited to �80� at best, since the object is sitting on a

support (e.g. an Si3N4 membrane) that can cast a shadow on

the beam and leave an unmeasured angular interval called the

missing wedge. The issue of the missing wedge becomes more

pronounced when large detectors are used, as the number of

pixels with unknown intensity increases cubically with the

detector size. In addition, large pixel array detectors have gaps

between sensor modules, which cause additional artifacts in

the reconstructed images (Carnis et al., 2019; Masto et al.,

2024). This issue can be overcome to some degree by post-

processing treatments (Thibault et al., 2006; Malm, 2021;

Masto et al., 2024; Malm & Chushkin, 2025).

The IPR works as a numerical lens and, with a sufficiently

large collection angle and signal-to-noise ratio, it can out-

perform the best X-ray lenses (De Andrade et al., 2021) in

terms of dose efficiency and resolution. In CXDI, the Abbe

criterion translates into a resolution limit given by the largest

scattering angles (highest spatial frequencies) where the

speckles are recorded with a sufficiently good signal-to-noise

ratio, and it is ultimately limited by the detector size

(Skjønsfjell et al., 2018b). Since CXDI uses plane-wave illu-

mination, small sample translations do not impact the reso-

lution, making reconstructions resilient to mechanical

instabilities. Resolution of the order of tens of nanometres has

been demonstrated in several studies (Miao et al., 2003;

Takahashi et al., 2010; Vila-Comamala et al., 2011; Schropp et

al., 2012).

3. Applications

Various X-ray methods have been used for imaging biological

objects (Dierolf et al., 2010; Bartels et al., 2012; Nishino et al.,

2012; Jacobsen, 2019). Growing interest in developing CXDI

was triggered by its potential for high-resolution microscopy

of biological specimens. In comparison, the application of

electron microscopy commonly requires laborious sample

preparation, often involving chemical staining to enhance

contrast in biological specimens, in order to obtain images of

thin sections with a resolution of a few ångströms (McIntosh,

2007). Here, CXDI promises to outperform previous techni-

ques, thanks to extremely high phase sensitivity, even for

specimens in a natural state. An example of Deinococcus

radiodurans bacteria, imaged with CXDI using 8 keV radia-

tion, is shown in Fig. 2(a). Unstained cells were deposited on

an Si3N4 membrane, with alcohol replacing water to fix the

cells. The resolution element (pixel) in these pictures is

�32 nm and, thanks to the high sensitivity, it is possible to

distinguish the cell envelope, DNA toroids, septa and dense

grains without chemical staining.

There are numerous examples of CXDI being applied to

biological imaging. Early work by Jiang et al. (2008) demon-

strated the application of CXDI for imaging biominerals in
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Figure 2
CXDI images. (a) A 2D projected image of Deinococcus radiodurans
bactaria. (b) Three-dimensional renderings of (top) fused and individual
Si nanocrystals and (bottom) central slices of a large cluster. Scale bars
are 1 mm.



fish bone and in bovine bones (Verezhak, 2016) at nanometre

resolution. Subsequent imaging of a whole unstained Schizo-

saccharomyces pombe yeast spore cell using chemical fixation

(Jiang et al., 2010) revealed the 3D morphology and structure

of cell organelles at 50–60 nm resolution. The cell structure

can be preserved in a close-to-natural state using cryogenic

freezing. Freeze-plunging is widely used in X-ray crystal-

lography, and in electron and X-ray microscopy. For example,

it was applied for imaging frozen-hydrated D. radiodurans

bacteria (Lima et al., 2009), a Neospora caninum cell (Rodri-

guez et al., 2015) and near-surface structures of frozen-

hydrated malaria-infected human erythrocytes (Frank et al.,

2017). Cryogenic cooling is also a standard approach for

mitigating radiation damage of biological specimens,

which is a major limitation for achieving high resolution.

This damage can result in mass loss, as demonstrated in

metal-coated polymeric spheres (Skjønsfjell et al., 2018a).

Extrapolating from experimental data and theoretical calcu-

lations, Howells and co-workers estimated that biological

imaging at 10 nm resolution should be achievable using

cryogenic cooling (Howells et al., 2009), yet it still remains to

be demonstrated.

The unique capabilities of CXDI are particularly well suited

for imaging materials science specimens, which are generally

more resistant to radiation damage. Fig. 2(b) shows CXDI

images of a cluster of Si nanoparticles deposited on an Si3N4

membrane. The cluster contains individual octahedral nano-

particles, each �200 nm in size, present on both the surface of

the membrane and within the cluster. The central large cluster

has a porous internal morphology, which makes such materials

interesting for optoelectronics applications (de Jong et al.,

2016). CXDI has also been used to investigate TiO2 sponges

infiltrated with a perovskite for photovoltaic applications

(Sanzaro et al., 2019).

CXDI has also been used to study complex biomineral

architectures, such as the exoskeleton structure of cocco-

lithophores, known as coccospheres (Beuvier et al., 2019). A

coccosphere consists of an assembly of imbricated coccoliths,

composed of calcite crystals produced by the cells. The strong

scattering power of the CaCO3 specimens, along with their

robustness to X-rays, enabled high-quality 3D imaging. This

revealed correlations between coccolith mass and grid size, as

well as size variability within a coccosphere (Beuvier et al.,

2019).

CaCO3, a widespread product of biomineralization by living

organisms, is ubiquitous in nature. As a light and biocompa-

tible substance, it has found numerous industrial applications

and can be used as a model system to study biomineralization

and non-classical nucleation and growth mechanisms (De

Yoreo et al., 2015). CaCO3 appears in three polymorph crys-

talline phases: calcite, aragonite and vaterite, all of which can

be synthesized in a laboratory under specific conditions of

temperature, concentration, additive presence and time.

CXDI is an indispensable tool to visualize the 3D internal

porosity of CaCO3 microparticles. The method was used to

follow the modification of pore geometry during the solid-

state transformation of vaterite spherical particles to calcite

(Cherkas et al., 2017) during high-temperature annealing.

Another study investigated the phase-transformation kinetics

of dried vaterite particles immersed in deionized and tap water

(Cherkas et al., 2018). Recently, a comprehensive study

uncovered the mechanism that governs the formation of

hollow vaterite microparticles (Beuvier et al., 2022). The

particles were synthesized by varying the ion concentration

and the amount of an additive (polystyrene sulfonate, PSS)

that slows down the kinetics of the process. The specimens

were collected as a function of reaction time to follow the time

evolution of the particle morphology. The work showed that

Ostwald ripening cannot explain the observed diversity of

crystal sizes, shapes and spatial organization. For this, other

factors, such as PSS concentration and dipole–dipole inter-

actions, must be accounted for in order to explain the trans-

formation from a whole to a hollow particle (Beuvier et al.,

2022). In order to resolve the crystalline phases of CaCO3 or

other single-particle minerals (Chattopadhyay et al., 2020),

combined CXDI and Bragg diffraction measurements were

developed (Chushkin et al., 2019).

These selected examples demonstrate the power of CXDI

at third-generation synchrotrons. Nevertheless, new-genera-

tion synchrotron sources are expected to boost the capabilities

of the method significantly.

4. Fourth-generation synchrotron sources

Fourth-generation synchrotron sources are based on the

multi-bend achromat (MBA) lattice design (Einfeld et al.,

1995), which reduces the horizontal emittance by more than

an order of magnitude, producing X-ray beams with a high

degree of coherence (Raimondi et al., 2023). The MBA lattice

has been exploited to construct new synchrotron storage rings,

such as Max IV and Sirius, but it can also be efficiently

implemented at third-generation synchrotrons through the

hybrid MBA design (Biasci et al., 2014; ESRF, 2014), as

demonstrated by the ESRF’s Extremely Brilliant Source

(ESRF-EBS) (Raimondi et al., 2023). This approach paves the

way for upgrades of existing third-generation synchrotrons

worldwide.

High brilliance and low emittance are essential for coherent

scattering techniques, as transverse coherence length scales

inversely with emittance, while coherent flux is proportional to

brilliance. For CXDI, such properties result in a larger field of

view (object size), faster data collection and higher image

resolution. The large spatial coherence enables the imaging of

larger objects, in particular biological cells and materials of

approximately 10–20 mm in size. Generally, biological cells are

studied either with conventional optical microscopy, which can

provide images of transparent specimens at a resolution of

hundreds of nanometres (250 nm in Fig. 3), or with electron

microscopy, which provides atomic scale resolution but only of

thin sections a few hundred nanometres (250 nm) thick

(Fig. 3). X-ray microscopy, in particular CXDI, at highly

brilliant sources bridges the gap between these two techniques

by imaging specimens a few micrometres thick at nanometre

resolution.
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Fig. 3 summarizes the expanded capabilities of CXDI with a

fourth-generation synchrotron source. The red area delineates

the accessible region at third-generation sources. The

maximum sample size S is limited by the transverse coherence

length and available sample-to-detector distance D, which

follows the linear sampling ratio � = D�/pS = 3, where � is the

wavelength and p is the detector pixel size. The slope of the

region defining the resolution element �r is given by the

sample size S and the detector size in pixels Npix, assuming

sufficient signal is recorded at the highest frequencies and

maintaining a fixed sampling ratio of 3, giving �r = 3 � S/Npix.

Following the assumption of Porod’s law, that the average

speckle intensity I(q) falls as I(q) ’ q� 4, a hundredfold

increase in brilliance results in a resolution gain of about 1001/4

’ 3 for the same signal-to-noise ratio. The improvement

expected with fourth-generation sources and a detector four

times larger is represented by the green region in Fig. 3. For

our calculations, we assume a detector with 2048 � 2048 pixels

and a pixel size p = 75 mm positioned 30 m from a sample

illuminated by a coherent 8 keV plane wave. Under such

conditions, imaging samples up to 20 mm in size at (sub-)

30 nm resolution should make CXDI even more attractive for

biologists, as many interesting biological specimens fall within

this size range.

We note that samples made of radiation-hard materials that

are smaller than 7 mm can be routinely imaged at sub-10 nm

resolution. As an example, Fig. 4 shows the capability of the

new ESRF-EBS coupled with a large detector to provide a

resolution of below 10 nm of a test logo sample patterned in a

216 nm thin tungsten layer. It is important to note that the

sample thickness is a parameter that can constrain the reso-

lution of an image. When the sample thickness exceeds the

depth of field (DOF), given by DOF = 2�r2/�, the resulting

2D image exhibits defocus artifacts (Chapman et al., 2006).

The DOF boundary, defined for a wavelength of � = 1.55 Å, is

shown in Fig. 3 and is more restrictive than the detector size

constraints (green area). Using shorter wavelengths shifts the

boundary towards higher resolution, but it also reduces the

sample size/thickness for which oversampling can be achieved

within the available sample-to-detector distance. Never-

theless, alternative approaches can be applied. In ptycho-

graphy, the defocus artifacts in 2D imaging can potentially be

solved numerically using the multi-slice method (Maiden et al.,

2012; Tsai et al., 2016). In CXDI, the issue is resolved by taking

the Ewald sphere curvature into account when building the 3D

diffraction volume (Chapman et al., 2006) or a 2D slice

(Takahashi et al., 2010) from the 2D diffraction patterns

measured at different sample tilts. It is important to note that

other X-ray imaging techniques can cover certain portions of

the sample size domain shown in Fig. 3, but CXDI holds the

potential to achieve the finest resolution.

Coherent X-rays can also be used for imaging magnetic

nanostructures and their dynamics with soft X-rays (Eisebitt et

al., 2004; Flewett et al., 2012; Ukleev et al., 2018) and, recently,

with hard X-rays (Donnelly et al., 2017) to probe magnetic

domains, domain walls, vortexes and skyrmions. Hard X-rays,

in the range of 6–12 keV, are necessary for imaging micro-

scopic specimens that are too thick (>400 nm) for soft X-rays,

but magnetic contrast in this energy range is rather low

(Donnelly et al., 2016). Thus, the high coherent flux provided

by fourth-generation sources is mandatory for exploiting hard

X-rays to characterize magnetic textures in materials

(Donnelly & Scagnoli, 2020).

One of the little-exploited but high-potential applications of

CXDI is time-resolved imaging to study dynamic phenomena

(Grote et al., 2022). Due to its non-scanning nature, fast

recording (kilohertz frame rate) of diffraction data is possible

with current state-of-the-art pixel array detectors. Plane-wave

illumination, used in CXDI, provides robustness to any

unwanted sample nano-translations and ensures high resolu-

tion. Real-time imaging of dynamic phenomena was demon-

strated in a proof-of-principle experiment using a coherent

optical light source (Lo et al., 2018). In the hard X-ray regime,
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Figure 4
(Top row) A 5 mm ESRF logo test sample imaged by (left) SEM, (middle)
CXDI before the EBS at 32.5 nm pixel size and (right) with the EBS at
7.6 nm pixel size. (Bottom row) Enlargements of the letter ‘R’ demon-
strate the increase in resolution.

Figure 3
Sample size and resolution coverage of CXDI, electron and optical
microscopy techniques. The gray vertical line is the 10 nm resolution limit
and the black dashed line defines the DOF boundary at � = 1.55 Å.



the combination of X-ray photon correlation spectroscopy

with CXDI for time-resolved imaging was recently proposed

(Takazawa et al., 2023; Hinsley et al., 2024). Rapid data

collection, combined with analysis of photon-sparse random

projections (Ayyer et al., 2016; Giewekemeyer et al., 2019), can

be useful in applications with optical trapping and manipula-

tion (Gao et al., 2019) or levitating specimens. Sample levita-

tion/manipulation in air or liquid (Kolb et al., 2015; Müller et

al., 2015) could be exploited for random sample rotations in

order to generate sufficient data for a complete 3D diffraction

volume without the missing wedge. The challenge of

constructing a 3D diffraction volume with sufficient statistics

from random sample orientations is central in single-particle

imaging at XFELs, and a solution has been developed by Loh

& Elser (2009). Recent studies have demonstrated significant

progress by reconstructing 3D structures of viruses (Rose et

al., 2018) and nanoparticles (Ayyer et al., 2021; Nakano et al.,

2022) from a series of single-shot diffraction patterns at an

XFEL. The proposed solutions for data sorting, background

subtraction, sample handling and image reconstruction can be

applied directly to synchrotron CXDI imaging. For example,

the expand–maximize–compress algorithm (Loh & Elser,

2009) for assembling 3D diffraction volumes from random

sample orientations was adopted for Bragg CXDI (Björling et

al., 2020) to manage uncontrolled particle rotations during

measurements.

To capitalize fully on the new possibilities offered by fourth-

generation synchrotron sources, specialized instruments

(Chushkin et al., 2014; Johansson et al., 2021) must be devel-

oped, alongside advancements in detectors (Grimes et al.,

2023; Takahashi et al., 2023), to enhance detection efficiency

for both high- and low-intensity signals.

Further development of CXDI should focus on improving

the performance of the numerical lens. Efforts should be

directed towards improving algorithm robustness to noise,

handling sparse data sets, reducing artifacts caused by missing

information and overcoming depth-of-focus limitation in thick

samples to achieve the ultimate resolution. For example, the

new general proximal smoothing algorithm (Pham et al., 2019)

outperforms classical algorithms when phasing noisy data. The

latest phase retrieval developments incorporate the total

variation regularization to compensate for missing data

(Chang et al., 2016) and demonstrate efficiency in imaging

magnetic domains (Yokoyama et al., 2022).

A promising approach is to employ machine learning

methods (Harder, 2021). There are numerous examples of the

effectiveness of machine learning for IPR. The introduction of

data treatments based on neural networks is useful for reco-

vering missing data and reducing noise (Bellisario et al., 2022),

as well as for removing artifacts caused by the detector gaps

(Masto et al., 2024). Deep neural network models are also

effective for complex single-particle imaging (Wu et al., 2021).

Additionally, machine learning can be used to find reliable

object support (Shang et al., 2025). New approaches for

resolution enhancement via the extrapolation of experimental

data could also be effective in some cases (Latychevskaia et

al., 2015).

5. Conclusions

After 25 years of existence, coherent X-ray imaging (CXDI)

has proved to be a very powerful method for imaging bio-

logical and materials science specimens on the nanoscale. A

wide range of objects, from biological cells, bacteria and bones

to the exoskeletons of algae, minerals, mesostructures and

porous particles for electronics have been scrutinized using

CXDI.

At third-generation synchrotrons, CXDI has occupied a

niche for visualizing the 3D structure of naturally microscopic

and isolated specimens. Typically, the largest size of the

investigated objects was limited to �6–7 mm, due to the small

transverse coherence length of the beam, and with a resolution

of around 15–30 nm, due to the size of the detector and the

coherent flux. The new generation of synchrotron sources with

highly coherent X-ray beams will enhance the capability of

CXDI to image 10–20 mm specimens with even greater detail

and in a shorter time. Such improvements result in a better

tool for visualizing cells, bone fragments, exoskeletons of

marine algae and micrometre-sized nanostructures, as well as

enhanced capabilities for time-resolved studies of the forma-

tion of crystalline microparticles, biominerals etc.

To benefit fully from these new opportunities, further

development of instrumentation and detectors is necessary,

along with numerical algorithms for phase retrieval, noise

reduction and ultimate resolution.
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Eisebitt, S., Lüning, J., Schlotter, W. F., Lörgen, M., Hellwig, O.,
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