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We have performed Coherent X-ray Diffraction Imaging (CXDI) experiments [1] to study the structure of 
colloidal  crystals  on a nanometer scale.  The main interest  lays  in the application of CXDI to colloidal 
crystals to visualize and characterize their defects.

Self-organized colloidal crystals can be used as the basis for novel functional materials such as photonic 
crystals, which may find applications in future solar cells, LEDs, lasers or even as the basis for circuits in 
optical computing and communication. For these applications crystal quality is crucial and monitoring the 
defect structure of real colloidal crystals is essential [2].

CXDI is based on the idea that if a finite object is illuminated with coherent radiation and its corresponding 
far-field  diffraction  pattern  is  measured  and  sampled  sufficiently,  then  this  diffraction  pattern  can  be 
inverted uniquely using iterative phase retrieval methods [3]. After its first experimental demonstration [4] 
CXDI was applied to the imaging of different samples and materials (see for review [5]). This method was 
also successfully implemented for imaging crystalline materials [6] by a local fine scan of the reciprocal 
space in the vicinity of a chosen Bragg peak from the sample. However,  local  measurements around a 
selected  Bragg  peak  can  reveal  only  a  continuous  distribution  of electron  density  and  strain  inside  a 
crystalline sample [7]. We demonstrate here that if several Bragg peaks of a coherently illuminated finite 
crystalline  sample  are  measured  and  inverted  simultaneously,  the  resulting  image  will  contain  a  rich 
amount of information about the position of the local scatterers, including possible defects.

Figure 1: Schematic view of the CXDI experiment showing the pinhole, the sample and the detector.

The  experiment  was  performed  at  the  micro-optics  test  bench  at  the  ID06  beamline  of  the  European 
Synchrotron Radiation Facility (ESRF) with an incident x-ray  energy of 14 keV. The geometry of our 
experiment (see  Fig. 1) allows  for rotation of the sample  around the vertical  axis  perpendicular  to the 
incident x-ray direction. A 6.9 μm pinhole  was positioned in front of the colloidal  crystal.  The pinhole 
selects a highly coherent part of the beam and produces a finite illumination area.

The diffraction data were recorded using a Photonic Science 12 bit charge-coupled device (CCD) detector 
with 4005x2671 pixels each 9x9 µm2 in size. The detector was placed at the distance L2 = 3.96 m behind 
the sample with a corresponding resolution of Δq =0.16 µm-1 per pixel.

The sample was positioned just after the aperture, this configuration yields a set of fringes centered at q = 0 
(Fig. 2(a)). In addition, due to the long range order in the colloidal crystal, several orders of Bragg peaks  
are easily visible in the diffraction patterns. The strongest are the hexagonal set of 220 Bragg peaks typical 
for scattering from a fcc structure. Each of these Bragg peaks contains a few orders of diffraction fringes 
similar to those at q =0, due to the finite aperture in front of the sample. 



Figure 2. (a) and (b), measured diffraction patterns from the pinhole and the sample at different azimuthal 
angle orientations (a) φ = 0, (b) φ = 35°. Streaks originating at Bragg peaks in (b) are indications of a 

stacking fault defect present in the colloidal sample. The marked regions correspond to the area used for 
the reconstruction. The diffraction patterns are shown on a logarithmic scale. (c) and (d) Reconstruction of 

the colloidal sample from the diffraction patterns (c) φ = 0 °, (d) φ =35°. The arrows in (d) point to the 
defect in the crystal. 

The measured diffraction data were inverted by applying the guided hybrid input-output GHIO algorithm 
[8]. We performed a reconstruction and obtained a real space image of a colloidal sample presented in Fig. 
3(c) . This image represents a projection of the “atomic” structure of the colloidal crystal along the [111] 
direction. The hexagonal structure  is  clear  across  the whole illuminated region. The diffraction patterns 
measured at an angle of φ =35° (see Figs. 2(b)) were especially intriguing. They show strong streaks. We 
reconstructed such a diffraction pattern as well and the result of this reconstruction is presented in Fig. 2(d). 
The “atomicity” of the colloidal crystal sample is again present in the reconstruction. In addition, a stacking 
fault indicated by arrows in Fig. 2(d) appears as a break in the “correct” ABC ordering [9].

In  summary,  we  have  demonstrated  that  the  simple  and  nondestructive  mechanism  of  coherent  x-ray 
diffractive imaging opens a unique route to determine defects in mesoscopic materials  such as colloidal 
crystals.  We  would  like  to  extend  our  results  towards  tomographic  methods  such  as  coherent  x-ray 
tomography, which has the potential to visualize the atomic structure of the defect core in 3D.
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