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Entirely new methods of X-ray imaging have recently been 
developed involving phase-contrast rather than conventional 
absorption contrast. These methods are sensitive to the real part of 
the X-ray refractive index and more particularly to the quantity 
itself or to de1ivatives of this quantity. In the case of conventional 
X-ray inte1ferometry [1,2], it is the phase (modulo 2) which is 
detected while for other methods involving crystal analyzer systems 
[3-6], the quantity detected is a phase gradient. In the present paper, 
emphasis will be given to outlining different approaches to 
differential phase-contrast imaging and to understanding the 
physical nature of image formation in different regimes. 

Examples of phase-contrast images for different cases will 
also be presented to help illustrate the key features of some of 
these approaches. 
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Polarization Generation & Exploitation 
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Low emittance third-generation storage rings, like the ESRF, 
provide an optimum condition for the use of perfect crystal phase 
plates combined with ondulator sources. Their low angulm· and 
spatial distributions in both the h01izontal and vertical directions 
are suitable to an excellent performance of diamond crystals as 
quarter-wave plates (QWP) and half-wave plates (Hw.P). Recent 
expe1iments performed at the ESRF (Troika Bearnline) confirm 
99% and 97% efficiencies of diamond phase plates in the transfor
mation of h01izontal linear polarization into circular polarization 
and linem· polarization in the vertical plane respectively. A dia
mond QWP has been used to investigate the magnetic domains in 
a spiral antiferromagnet like holmium via magnetic x-ray scatter
ing. Furthermore, the successive use of two QWP allowed the pro
duction of linear polarization in any desired direction and the com
plete characterization of the polarization state of the circularly 

polarized beam within 1%. The diamond phase plate set in an 
asymetric Laue transmission geometry at 9 keY, allowed a trans
mission efficiency of 40%. Diamond phase plates have also been 
tested in the energy dispersive absorption spectrometer at DCI 
ring (LURE, Orsay) in order to record X-ray Magnetic Circulm· 
Dichroism (XMCD) spectra at different rare-earths absorption 
edges from Pr L2 (6440 eV) to Tm L3 (8648 eV). The efficiency 
of the phase plate has been measured comparing such XMCD spec
tra with those obtained in the standard technique (using the ellip
tically polmized beam below the orbit plane). The polarization 
rate and the intensity on the sample where higher with the QWP 
technique. Finally, good XMCD spectra have also been obtained 
using beryllium phase plates with a mosaicity of the order of 80 
m-csec. The good efficiency of mosaic crystals as phase plates far 
from the Bragg peak can be interpreted. 

Extinction & Absorption 
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The statistical dynamical theory of diffraction by Kato (Acta 
Cry st. A36, 1980, 763-778) has great potential to predict diffraction 
from perfect to impe1fect crystals. The theory has been improved 
theoretically and tested experimentally. It is, however, far from 
satisfactory for practical applications to extinction conection and 
still in the development stage. The integrated intensity in the theory 
consists of the coherent and the incoherent terms (including the 
mixed term). The terms are related to crystal perfection, 
wavelength, crystal thickness and reflection plane. Therefore, one 
of the ways to advance the theory is to clarify the relations 
expeiimentally. 

In the present study, the integrated intensities from Si single 
crystals with different perfection were measured and sepm·ated into 
the two terms. Dislocation-free Cz-Si single crystals with a 
thickness of about 0.5 1mn were used for the expeiiment. Micro 
defects of Si02 with random distribution were introduced into the 
specimens by annealing at 1073 K for 4 h then at 1273 K for 1 to 
32 hr in dry oxygen gas. The oxidized surface layers were removed 

·by chemical etching. The integrated intensities on the symmetrical 
Laue case were measured by two sepmate methods using white X
rays as an incident beam. In one method, the intensities were 
measured as a function of wavelength and in the other for fixed 
wavelength as a function of crystal thickness. It was observed that 
both the intensities and the Pendellosung beats spacing increase 
and the amplitude of beats decreases depending on the annealing 
time and the reflection index. The coherent pmis were separated 
from the intensities using the amplitude of the beats as a clue. The 
incoherent pmis were obtained by subtracting the intensities due 
to the Bomnann absorption from the remainders. The two parts 
were compm·ed with the model in which the coiTelation length of 
amplitude in the theory is assumed to be a free parmneter (Takama 
and Harima, Acta Cryst. A50, 1994, 239-246). The result showed 
a fairy good agreement between the model and the present 
experiment. 


