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ABSTRACT 
 Only thing that remains constant is change. Same happens with science. There are huge number of applications in both 
physical and life sciences using microscopy. Optical microscopy can routinely study dynamic processes in living cells by using 
novel imaging technology and labeling techniques. Coherent Diffraction Imaging is a novel form of microscopy. It is a lensless 
imaging technology used to transform the conventional view of microscopy. Higher resolution image is obtained by CDI by 
measuring diffraction pattern of nanocrystalline specimen or nanocrystals. Phase retrival algorithm is used to solve the well 
known phase problem. Here, we will briefly discuss present various implementation schemes of this imaging modality, with 
their advantages and drawbacks and illustrate its broad applications in the different fields. As coherent X-ray sources such as 
high harmonic generation and X-ray free-electron lasers are presently under rapid development worldwide, coherent 
diffraction imaging can potentially be applied to perform high-resolution imaging of materials/nanoscience and biological 
specimens at the femtosecond time scale. 
Keywords: coherent diffraction imaging (CDI), high harmonic generation (HHG), lensless imaging, oversampling, 
phase retrieval, X-ray free-electron lasers (XFEL). 

1. INTRODUCTION 
Coherent diffractive imaging (CDI) also coherent diffraction imaging is a “lensless” technique for 2D or 3D 
reconstruction of the image of nanoscale structures such as nanotubes nanocrystal  defects, potentially proteins, and 
more In CDI, a highly coherent beam of x-rays, electrons or other wavelike particle or photon is incident on an object. 
The beam scattered by the object produces a diffraction pattern downstream which is then collected by a detector. This 
recorded pattern is then used to reconstruct an image via an iterative feedback algorithm. Effectively, the objective lens 
in a typical microscope is replaced with software to convert from the reciprocal space diffraction pattern into a real 
space image. The advantage in using no lenses is that the final image is aberration–free and so resolution is only 
diffraction and dose limited (dependent on wavelength, aperture size and exposure). A simple Fourier transform 
retrieves only the intensity information and so is insufficient for creating an image from the diffraction pattern due to 
the phase problem. Using magnetic lenses, transmission electron microscopy can achieve atomic resolution, but the 
sample has to be thinner than 50 nm. For the study of surface structures, scanning probe microscopy is the predominate 
method and can routinely achieve atomic scale resoslution [1]. To probe the structures below the surface of thick 
samples, X-ray imaging is the method of choice because X-rays have a longer penetration depth than electrons. 
However, X-rays are more difficult to focus than electrons. The highest image resolution currently achievable by X-ray 
optics is around 10–15 nm. One way to overcome this resolution barrier is to use coherent diffraction imaging (CDI) in 
which the diffraction pattern of a noncrystalline specimen or a nanocrystal is first measured and then directly inverted 
to obtain a high-resolution image [2]. The well-known phase problem is solved by combining the oversampling method 
with iterative phase-retrieval algorithms 

 

1. RELATED WORK  
While the idea of CDI was suggested by Sayre [3], it was not until in 1999 that the first experimental demonstration 
was conducted by Miao et al [2]. CDI has since been applied to imaging a wide range of materials science and 
biological samples such as nanoparticles, nanocrystal, biomaterials, cells, cellular organelles, and viruses by using 
synchrotron radiation, high harmonic generation (HHG) and soft X-ray laser sources , free-electron lasers , and 
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electrons . An increasing number of groups have been working in this field, and several review articles have been 
published. J. Miao et al works on Taking X-ray diffraction to the limit: Macromolecular structures from femtosecond 
X-ray pulses and diffraction microscopy of cells with synchrotron radiation. Also I. Robinson and J. Miao, give 
different concepts and applications in the Three-dimensional coherent X-ray diffraction microscopy, X-Ray Diffraction 
is applicable to Material Analysis and Medical Imaging particularly for thin films and for organic materials, which 
have low diffraction cross sections. X-ray optics can be used in x-ray powder diffraction to increase the diffraction 
intensity, However, because of the clean, symmetric, near-Gaussian peaks produced by polycarpellary optics, the 
location of the canter of the diffraction peak can be obtained with high precision even with broad peak widths. In this 
work, a rotating anode x-ray source and a micro focus x-ray source were used for powder diffraction measurements 
with collimating and focusing optics   research work was done on Coherent lensless X-ray imaging, by H. N. Chapman 
and K. A. Nugent Here, we will mainly focus on the CDI methodology and its applications with X-rays 

2. PHASE PROBLEM 
In typical microscopy using lences there is no phase problem. There are two relevant parameters for 
diffracted waves: amplitude and phase. As phase information is retained when waves are refracted. When a diffraction 
pattern is collected, the data is described in terms of absolute counts of photons or electrons, a measurement which 
describes amplitudes but loses phase information. This results in an ill-posed inverse problem as any phase could be 
assigned to the amplitudes prior to an inverse Fourier transform to real space. To retrieve the phases from the 
oversampled diffraction patterns, Fourier-based iterative algorithms have been widely used [5]. These algorithms 
typically include the following four steps. 1) A random phase set is combined with the measured Fourier modulus (i.e., 
square root of the diffraction intensity). By applying the inverse fast Fourier transform (FFT), a real space image is 
obtained. 2) A support is defined for the image: the electron density outside the support and the negative electron 
density inside the support are pushed close to zero, and an updated image is obtained. 3) The Fourier modulus and 
phases are calculated by applying the FFT to the updated image and the new Fourier modulus is replaced with the 
measured one, while the new phases remain unchanged. 4) An updated images is obtained by applying the inverse FFT 
to the assembled Fourier modulus and phases. During this process, an error metric is used to monitor the convergence 
of the iterative algorithm, defined as the total electron density outside the support divided by the total density inside the 
support, or the difference between the measured and calculated Fourier modulus. The algorithm is terminated when no 
further improvement can be made. To date, a number of iterative algorithms have been developed, including the hybrid 
input–output [5], error reduction [5], difference map, guided hybrid input–output, shriwrap, hybrid projection 
reflection, and relaxed averaged alternating reflector 

3. METHODS OF CDI 
We classify CDI into four broad categories. The first is denoted plane-wave CDI, in which a plane wave illuminates a 
finite object and the far-field diffraction pattern is measured [2]. The oversampling ratio of the diffraction pattern is 
determined by the wavelength of the incident beam, the sample size, the distance between the sample and the detector, 
and the detector pixel size. In order to obtain a 3-D dataset, the sample has to be rotated around a tilt axis and a 
sequence of 2-D diffraction patterns measured at different sample orientations. Compared to other methods, plane-wave 
CDI has the following advantages. 1) As long as the sample is kept within the illumination area, the method is 
insensitive to sample vibration. 2) It is relatively straightforward to acquire 3-D datasets and perform 3-D image 
reconstructions. 3) The diffraction intensity from the sample is not contaminated by Poisson noise in both the direct 
beam and the diffraction intensity from upstream optics as the direct beam is blocked by a beamstop and the diffraction 
from the optics is mostly removed by a pair of corners with bevelled edges. 4) It can be implemented in single-shot 
experiments with intense coherent X-ray sources. This may explain why plane wave CDI has achieved the highest 
spatial resolution (∼2 nm) and has thus far been applied to determine most of the 3-D structures. The main drawback 
of this method is the requirement of isolated objects. 
The second method is termed scanning or ptychographic CDI [6], Ptychography is a technique invented by Walter 
Hoppe that aims to solve the diffraction-pattern phase problem by interfering adjacent Bragg reflections coherently and 
thereby determine their relative phase. In the original formulation, Hoppe envisaged that such interference could be 
effected by placing a very narrow aperture in the plane of the specimen so that each reciprocal-lattice point would be 
spread out and thus overlaps with one another. The name ptychography, from the Greek for fold, derives from this 
optical configuration.  
 The third method, denoted Bragg CDI, is mainly used for structure studies of nanocrystal. When a coherent X-ray 
wave illuminates a nanocrystal, the diffraction intensity distribution at each Bragg reflection is related to the shape 
function of the nanocrystal and the strain inside the nanocrystal.                                            
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Bragg’s law is mathematically defined as 
 

Where λ is the wavelength of the incident electromagnetic radiation wave, n is an integer, d is the spacing between the 
planes of the lattice and θ is the angle between the incident wave and the scattering planes A monochromatic incident 
wave strikes the lattice point Y at an angle θ and both reflects at angle θ and also continues to pass through the lattice. 
A distance of d separates neighbouring lattice points. If the distance XY + YZ = nλ then the radiation wave will be in 
phase at along the black line from the lattice point above point Y to Z. The distances XY and YZ are equal to 

   and therefore equation must be true for constructive interference to occur. At all other angles destructive 
interference is observed. This equation is called the Bragg equation and is fundamentally important in understanding at 
which angles constructive and destructive interference occurs respectively. Compared to other CDI methods, Bragg 
CDI is unique in that it enables us to determine the 3-D the strain tensor and ion displacement inside nanocrystals at 
the nanometer scale resolution Another method is Fresnel CDI.  
In optics, Fresnel diffraction or near-field diffraction is a process of diffraction that occurs when a wave passes through 
an aperture and diffracts in the near field, causing any diffraction pattern observed to differ in size and shape, 
depending on the distance between the aperture and the projection. It occurs due to the short distance in which the 
diffracted waves propagate which results in a Fresnel number greater than 1 ( ). When the distance is increased, 
outgoing diffracted waves become planar and Fraunhofer diffraction occurs. 
The multiple Fresnel diffraction at nearly placed periodical ridges (ridged mirror) causes the specular reflection; this 
effect can be used for atomic mirrors In his Optics, Francis Weston Sears offers a mathematical approximation 
suggested by Fresnel that predicts the main features of diffraction patterns and uses only simple math. By considering 
the perpendicular distance from the hole in a barrier screen to a nearby detection screen along with the wavelength of 
the incident light, it is possible to compute a number of regions called half-period elements or Fresnel zones. The inner 
zone will be a circle and each succeeding zone will be a concentric annular ring. If the diameter of the circular hole in 
the screen is sufficient to expose the first or central Fresnel zone, the amplitude of light at the centre of the detection 
screen will be double what it would be if the detection screen were not obstructed. If the diameter of the circular hole in 
the screen is sufficient to expose two Fresnel zones, then the amplitude at the centre is almost zero. That means that a 
Fresnel diffraction pattern can have a dark centre. These patterns can be seen and measured, and correspond well to the 
values calculated for them. Figure, in Sears shows four Fraunhofer patterns in the top row followed by sixteen Fresnel 
diffraction patterns. Three of them have dark centres  
The Fresnel diffraction integral 

 
Figure 1 Testing Diffraction geometry, showing aperture plane and image plane with coordinate system. 

This technique, adds advantages in that the field of view can be zoomed in or out by changing the position of the 
sample with respect to the beam focus. 

4. APPLICATIONS OF CDI  
Fresnel diffraction integral X-ray diffraction techniques (or “X-ray crystallography”) allow for the determination of 
crystal structures in inorganic, organic, and biological materials. The detailed atomic structure of the double-helix 
polymer deoxyribonucleic acid (DNA) was famously revealed by James Watson and Francis Crick via the X-ray 
crystallography studies of Maurice Wilkins. X-ray fluorescence is a complementary method for the quantitative analysis 
of the composition of materials. In this technique, a sample is exposed to either an electron beam or a beam of primary 
X-rays; the resulting atomic excitations lead to X-ray emissions with wavelengths characteristic of the elements in the 
sample. The electron microprobe uses this process to identify the constituents of sample regions as small as a few 
micrometres (millionths of a metre). X-ray fluorescence and diffraction techniques are valuable methods for the non-
destructive analysis of art objects. Brushstroke techniques and the arrangements of painted-over pigments in oil 
paintings, the presence of coatings and varnishes, and the compositions of glasses, porcelain, and enamels are revealed 
through X-ray analysis 

4.1 Applications with x-ray free electron laser 
More brilliant X-ray sources are needed To improve the resolution of CDI and compensate the loss of the large number 
of the unit cells. However, increasing the incident X-ray flux means depositing more energy in the specimen, which 
results in the breaking of chemical bonds and discharging of binding electrons. This irrecoverable radiation damage 
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effect ultimately limits the resolution in CDI [7]. One way to alleviate the radiation damage effect is to use very short 
X-rays pulses. To obtain the 3-D structure of single bio molecules, many identical copies of the molecules are needed. 
Numerical simulations suggested that, with about 106 identical copies, a resolution of 2.5 °A may be achievable for 
large protein molecules. This method (termed single-particle CDI) potentially opens a new horizon for 3-D structural 
determination of bio molecules, but requires an entirely new type of coherent X-ray source—an X-ray free-electron 
laser (XFEL). 

4.2 Single particle CDI  
Among all the potential applications of CDI, single-particle CDI is arguably the most challenging one due to the 
following reasons. First, the scattering intensity of an XFEL pulse by a single bio molecule is extremely weak. Second, 
compared to electrons, the scattering cross section of X-rays with atoms is ∼five to six orders lower. Thus, electrons in 
principle have advantages over X-rays for structural determination of small particles. On the other hand, X-rays do not 
have the charging effect and XFELs can produce intense X-ray pulses with ∼1012 photons per pulse, which is far more 
than an electron pulse can produce. Also, the short pulse duration of XFELs potentially allows acquisition of the   
diffraction pattern from a biomolecule before it is destroyed .In order    to obtain the 3-D structural information, many 
identical copies of bio molecules (typically on the order of 106) have to be injected into an XFEL beam at random 
orientations . Those hit by the XFEL pulses will generate very weak 2-D diffraction patterns. To enhance the signal to 
noise ratio of the diffraction intensity, sophisticated algorithms are needed to align and average the large number of 
weak diffraction patterns, which is similar to the methods developed in single-particle cryo-EM. After post analysis, the 
diffraction patterns can then be assembled into a 3-D pattern and phased to obtain the 3-D structure of the bio 
molecules. Although single-particle CDI has been mainly studied by using numerical simulations thus far, two 
experiments were conducted on single virus particles. The first was on the imaging of an unstained herpes virus virion 
at a resolution of 22 nm by using SPring-8 . The other was on the imaging of single mimiviruses at 32 nm resolution 
with the LCLS. In the latter case, the phase retrieval was not so stable because the missing centre of the diffraction 
pattern is larger than the centrospeckle.  

4.3 Applications to semiconductor field  
Atoms or molecules that compose a substance are generally arranged at a distance of 0.1 nm to 0.5 nm from one 
another. When such a substance is irradiated with X-rays having a wavelength roughly equivalent to the interatomic or 
intermolecular distance, the X-ray diffraction phenomenon will take place. X-ray diffraction is widely used in the 
semiconductor field because it is non-destructive and yields crystal structure information relatively easily in an 
atmospheric environment.. Among various types of equipment used for this purpose, the thin film X-ray diffractometer 
employs an optical system (Fig.) specifically designed for the studies of thin films that are relevant to recent new 
materials. This diffractometer therefore allows measurement of thin film samples. The measurement has hitherto been 
considered impracticable. Generally, when the sample thickness becomes less than 1000nm the number of crystal 
lattices that contribute to X-ray diffraction will decrease resulting in a drastic reduction in the X-ray diffraction 
intensity and a rise of the background. To cope with this, the thin film diffractometer is so designed that the incident X-
rays are so   lengthen the optical path .This increases the X-ray diffraction intensities. Also, a monochromator is 
mounted in front of the detector in order to reflect only the diffracted X-rays, to remove scattered X-rays emitted from 
the sample and to reduce the background.  

4.4 Methodology  
The detector Figure schematically presents the experimental setup of this imaging method. A phase plate with a 
known, random pattern is inserted in the x-ray path between the sample and the detector, functioning as a wave-front 
modulator. There are three planes perpendicularly intersecting the primary optical axis that are of relevance to this 
coherent x-ray imaging method: the sample plane, the phase plate/modulator plane and the detector plane (these planes 
are labelled as S, P and D, respectively, in figure). During the experiment, the phase plate is scanned linearly or 
circularly in the plane labelled P. At each phase plate position, a diffraction pattern of the same illuminated region of 
the sample is acquired. An image of the sample is obtained from these diffraction patterns without prior knowledge of 
the structure of the illuminating x-ray probe. However, the phase distribution function of the phase plate and the 
parameters of the experiment setup geometry are measured carefully and given as the input to a phase retrieval 
algorithm. The algorithm uses an iterative calculation those cycles back and forth between the phase plate and the 
detector planes. 
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Figure2.  Schematic diagram of the experimental setup the x-ray beam (X) travels from left to right.[9] 

 
The iterative procedure starts from an original random estimate n (n is the iteration number, and n = 0 here) of the x-
ray wave-front before the phase plate and then runs repetitively with the following steps. (1) Modulate the estimated n 
with the phase distribution function of the plate and generate a modulated wave-front 0n. (2) Propagate the 0n to the 
detector using a Fourier transform to obtain an estimated diffraction pattern 9d n. Here, the Fourier transform is used 
because the far-field recording geometry is employed in our experiment. For a near-field recording geometry, the 
Fresnel propagator can be used instead.  (3) Replace the magnitude of 9d n by the square root of the measured intensity 
of the diffraction pattern to obtain an updated diffraction pattern of the wave-front 9d0 n. (4) Back propagate 9d0 n to 
the phase plate plane using an inverse Fourier transform.  (5) Remove the phase distribution function of the plate to 
obtain an updated estimate 9n+1 of the wave-front before the phase plate.  (6) Repeat steps 1–5 at the next phase plate 
position. If the last plate position was reached, then use the first one again, and the iterative process cycles through the 
recorded diffraction patterns. We demonstrated a practical coherent x-ray imaging technique that achieved 120 nm 
spatial resolutions using a phase retrieval algorithm by introducing the wave-front modulation to solve the phase 
problem. It has been demonstrated that this method works well with industrial specimens. In principle, the use of the 
phase plate modulator provides us a method of producing very-high-resolution images without the disadvantage of the 
resolution limit imposed by x-ray optics, Relative to other coherent diffractive imaging techniques; our method also 
reduces the requirement for a high dynamic range of the detector. The associated iterative algorithm helps us to 
overcome stagnation issues that occur in phase retrieval from a single diffraction pattern (e.g. the ‘twin’ images), and 
our method also allows us to measure extended samples. 

5. CONCLUSION  
CDI has undergone rapid development. Novel methods have been demonstrated and new applications in biology and 
materials/nanoscience have been pursued. To date, most of the CDI work has been conducted on third-generation 
synchrotron radiation sources [11], and a highest resolution of ∼2 nm has been achieved at SPring-8. For materials 
science samples, it is anticipated that subnanometer and even atomic resolution may be achievable in the future. For 
biological samples, radiation damage ultimately limits the resolution of CDI. By using cryogenic technologies, the 
radiation damage effect can be mitigated and a 3-D resolution of 5–10 nm will likely be attainable. Another way to 
reduce the radiation damage effect is to use ultra short X-ray pulses. As femtosecond XFELs are currently under rapid 
development worldwide, CDI will soon enter a new frontier for high-resolution structure studies at a femtosecond time 
scale. Compared to scanning probe microscopy and electron microscopy, CDI can be applied to image thick objects at 
high resolution in 3-D. However, currently a major limitation in CDI is the lack of tabletop coherent X-ray sources. As 
SXR lasers and HHG sources at the X-ray regime are under active development worldwide, it is foreseeable that CDI 
will be available in individual laboratories in the near future. Looking forward, CDI research within the next decade 
will be surely more exciting than the past one. 
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