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Introduction: The idea of applying the methods of x-ray crystallography to image non-crystalline materials 

has a long history [1-4]. It was shown previously that this methodology could be used to image a micron sized non-
crystalline specimen, consisting of micro-fabricated gold dots, to 65nm resolution [5-6]. The current work attempts 
this with a micron sized biological specimen. 

Methods and Materials: At beamline X1B, a highly coherent x-ray beam from the X1 undulator illuminates 
the specimen, a frozen hydrated yeast cell, and the far field diffraction pattern is recorded on a back-thinned CCD 
detector. In theory, oversampling the diffraction pattern of a finite specimen corresponds to surrounding the 
specimen with a no density region. The higher the oversampling the larger the no density region. When the no 
density region is larger than the electron density region of the specimen, the phase information is uniquely 
embedded inside the diffraction pattern. The oversampled diffraction pattern and a random initial phase are the 
input into a Fienup type algorithm, which attempts to reconstruct the phase information thereby allowing a direct 
calculation of the real space image. With this form of microscopy the resolution is only limited by the wavelength 
of the radiation and the angular extent of the recorded diffraction pattern instead of by optical elements. 

Results: Recently, the first diffraction from a frozen hydrated specimen was recorded but these preliminary 
patterns were not complete so the effectiveness of the algorithm at reconstructing the real space image of a 
biological specimen could not be tested. Shown to the right are part of the recorded diffraction pattern and a low-
resolution zone plate image of the scatterer, which is used for alignment. In future experiments we will record a 
complete 2-dimensional diffraction data set with which a reconstruction will be attempted and then the move 
towards 3-D data sets will be undertaken. 
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Figure 2. Section of a diffraction pattern
from two frozen hydrated yeast cells. The
black horizontal stripe is the beamstop and
the bright vertical stripe is streaking due to
CCD damage. 

Figure 1. Low-resolution zone plate image
used for specimen alignment. The dark
central stripe is the beamstop and the
bright central region is higher order
contamination from the undulator. 


