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Abstract. Several optical configurations aiming to create images of sub-millimetre objects with magnification 
from 1 to 100 have been experimentally tested at the ESRF BM5 beamline. A Kirkpatrick-Baez (KB) system is 
used for focusing the beam into a 30 microns spot and then direct projection images are recorded. Some results 
using a spherical crystal downstream from the KB system are presented. The possibility to focus the synchrotron 
beam into a 40 microns spot using an spherical crystal in quasi-normal incidence is demonstrated and its use for 
projection microscopy is discussed. 
 

1 PROJECTION MICROSCOPY WITH SPHERICAL CRYSTALS 
Projection microscopy can be done with no-optics, if a good quality point source is available. It 
consist in recording the projected image of the object when illuminated by a point isotropic source. 
The magnification is given by the ratio of source-film to source-object distance. The transversal 
spatial resolution is limited by the size of the source and diffraction effects. To reduce such problems 
an X-ray Crystal Imaging Microscope (XCIM) has been proposed [1]. It consists in using a spherical 
crystal between the object and the detector. When considering a curved crystal with a radius of 
curvature R set to receive x-rays from the source (placed at distance p from the pole of the crystal) 
with a Bragg angle θ, two focal images at distances q and q’ are formed (see Fig.1A). They 
correspond to the tangential and sagittal foci, respectively. The focal positions q and are given by [2] 

[ ]1/ 1/ 2 / sin ,1/ 1/ ' 2sin /p q R p qθ+ = + = Rθ . In the case of non-normal incidence, it can be 
demonstrate that it exists a position of the detector, where a “good” image is recorded, meaning that 
this image presents the same magnification in both the sagittal and tangential plane. Therefore, the 
image is as “undistorted” as possible and presents the same aspect ratio as the imaged object. By 
geometrical considerations, it can be shown that the image is found when the detector is positioned at 
a distance d downstream from the tangential focus  
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The magnification in the “best image” is: 

 
21 sin 1

2( ) 1 /1 sin sin

pp dM
q p a a pp R

θ

θ θ

 −  = = ⋅
− − + −  

 (2) 

 
The position of the detector (i.e., best image given by Eq. 1) does not depend on the position of the 
object a. Therefore, images with different magnifications can be obtained by simply moving the object 
(i.e., changing a in Eq. 2) whilst keeping fixed the crystal and detector. This configuration has been 
successfully used for imaging different test objects and biological samples using a laser-created plasma 
as x-ray source [3-6] (see Fig. 1B). 
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Figure 1. A) Schematic view of the X-ray Crystal Imaging Microscope. In the plane of the image such scheme produces 
the same aspect ratio as the object. B) Image of a spider [6], obtained by the XCIM (mica spherically bent crystal of R=150 
mm, wavelength ~11.5 Å, Brag angle θ = 35.7°, magnification ×15 ). 

2 EXPERIMENTAL RESULTS USING SYNCHROTRON RADIATION 

2.1 Kirkpatrick-Baez system as pre-optics (KB)  
 
In order to study the feasibility of this projection microscopy system using synchrotron radiation, we 
have performed a test experiment at the ESRF BM5 beamline on a bending magnet. The typical 
distances from SR source to crystals (samples) are of tens of meters, and are not good for the proposed 
configuration. Moreover, the beam divergence (~microrads) is too small to create enough field of view 
to place mm-size objects. Therefore, it is necessary to use a pre-optics to create, from the synchrotron 
beam, a mostly point and divergent source. In order to do that, we have used a KB system developed 
at ESRF [7]. Two multilayer mirrors of 17 cm length were used at a grazing angle of 18.5 mrad to 
focus the 14.4 keV monochromatic beam into a 30×30 µm2 spot. The KB globally attenuates the beam 
by a factor of about 10. The total length of the mirror was used to produce a beam with the maximum 
of divergence, about 0.23 deg (4 mrad). The beam divergence is slightly different in the horizontal and 
vertical planes, and both foci are about 10 mm distant. It would be desirable to obtain a much more 
divergent beam, to allow wider field of view, but this was the best solution available to us. Images 
were recorded using a CCD camera developed at ESRF [7] that can use two magnifications, giving a 
pixel size of 8.3 and 2.8 microns. Some images were produced using this point source by simple 
projection of an absorbing grid (Fig. 2). The images present a quite good contrast, but a highly 
inhomogeneous background, probably due to phase contrast effects produced by the optical elements 
(windows, monochromator, mirrors, etc.).  
 

A) B) C) D)  
Figure 2. A) Photography of the test grid used. B, C and D) Projection images of the grid using the focus of the KB as a 
source for different magnifications: ×1, ×8 and ×35, respectively. 
 

2.2  Projection imaging using spherical crystal and pre-optics 
 
Two crystals were used for the XCIM configuration. First, a quartz spherical crystal of R=150 mm of 
about 6 cm2 of surface, 60 µm thick, was mounted at about p=45 mm downstream from the KB focal 
position (note that the focal position and distances to objects could not be measured accurately). We 
used the (20-23) reflection that with 2d=2.7 Å and a Bragg angle of θ=18.2 deg for a photon energy of 
E=14.4 keV. Experimental peak reflectivity of this crystal is about 2.5%. A wire of 45 µm was placed 



in the object position with a=23 mm. With these values, the optimal position for the detector is d=830 
mm giving magnification M=32. However, because of room constraints, the detector was placed at 
b=500 mm, giving, theoretically, an astigmatic image with magnifications M=(d-q)/(p-a)=21 and 25 in 
the tangential and sagittal directions, respectively. From the recorded image (Fig 3), knowing the 
width of the wire, we obtained about M=26, which is reasonable considering the poor accuracy in the 
experimental distances. We can observe quite sharp edges in the image.  

 
Figure 3 Image of a 45 mm wire amplified ×26 (experimental) by projection using the synchrotron beam focused to 30 
µm and (0.23 deg divergence) by a KB system. 
 
A second 50 µm thick Si 333 crystal (θ=24.3 deg) with R=500 mm was mounted at 211 mm 
downstream from the KB focal position. A detector was placed at 1290 mm downstream from the 
crystal. An object consisting in a grid with same features (Fig. 2A) was placed at distances, 20 mm 
(×6.6 magnification experimental [×5.8, ×8.6, tangential and sagittal calculated, respectively]), 35 mm 
(×8 [×6.3, ×9.4]), 70 mm (×7.3 [×8, ×11.8]), and 120 mm (×13 [×12.6, ×18.6]). (See images at 
Fig.4A, B, C, D, respectively). Fig 4 shows that the object is always well resolved, and only a slightly 
different magnification in the horizontal (tangential) and vertical directions is observed. The small 
divergence of the source makes difficult its use for applications, but the magnification effect is 
evident.  
 

    

A) B) C) D)

Figure 4. Projection images at different magnifications (see text) of the test grid using the KB as source and a Si 333 
spherical crystal of R=500 mm at θ=24.3 deg. (Narrow dark greed is the image of a test grid placed for scaling to the 
detector surface).  



 

3 FOCUSING THE BM BEAM WITH SPHERICAL CRYSTAL 
 
We reported experimental results showing that the XCIM concept works using synchrotron beams and 
a pre-optics, but it is limited by the high cost of the pre-optics. This pre-optics can be used by itself for 
the same microscopy applications. We investigated the possible use of spherical crystals with 
incidence close to backscattering, and we wanted to characterize the focal dimensions (see Fig. 5A). 
For that, we profit the fact of the mica crystals have good reflectivity in many reflection orders, and 
use a mica crystal of R=573 mm in the 13th reflection order, with a Bragg angle of 80 deg at a photon 
energy of 8.2 keV, and an experimental peak reflectivity about 0.12%. We managed to obtain focal 
spots of about 40×40 µm2 (see Fig. 5B) for different sizes of incident beam, limited by a guard slit. 
Different slit apertures, ranging from one to 5 mm show no substantial changes in the focal 
dimensions, demonstrating the good focusing effect of the tested crystal. It is possible to obtain 
projected images using this configuration (see Fig. 5A). For such purpose we placed mesh in the 
middle distance between focus point of spherical crystals and film (image magnification in such case 
is equal ×2). In Fig. 5C) the image of a grid placed at the distance 500 mm downstream from the focus 
is shown. Due to the small reflectivity of the crystal reflection chosen (some parts per 1000) the 
obtained image has not enough high contrast, but the wires with thickness 54 µm still well resolved. 
Further experiments are planned to test focusing with spherical crystals, and crystals with higher 
reflectivity and good surface shape are being searched.  
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igure 5. A) Scheme of using spherical mica crystal for focusing synchrotron beam and for microscopy application. B) 
age of the focal spot. C) Image of mesh with 54 µm wires obtained with magnification ×2.  

 conclusion, we have proposed the use of a single spherical crystal for projection imaging using 
oint divergent sources. For synchrotron beams, we have studied projection images using a KB pre-
ptics and a spherical crystal. The results showed that the system works, however it is not very 
itable for applications because of the critical role of the pre-optics. We have also focused the 
nchrotron beam with a mica crystal incidence close to normal. This could constitute a cheap system 
r projection imaging using it alone or in combination with a second spherical crystal.  

cknowledgements 

e thank the BM5 staff, I. Snigireva (microimaging lab) and E. Chinchio (KB alignment) for their 
uitful collaboration. 

eferences 

] M. Sanchez. del Rio, L. Alianelli, T. A. Pikuz, and A. Y. Faenov, Rev Sci Instrum 72 (2001) 3291-
303. 
] M. Sanchez del Rio, A. Y. Faenov, V. M. Dyakin et al. Physica Scripta 55 (1997) 735-740 
] M. Fraenkel, A. Zigler, A.Ya. Faenov and T.A. Pikuz. Physica Scripta 59 (1999) 246  
] T. A. Pikuz, A. Ya. Faenov , M. Fraenkel et al. Proceedings of SPIE, 3767 (1999). 67-79 
] T. A. Pikuz, A. Ya. Faenov , M. Fraenkel et al. Laser and Particle Beam, 19 (2001) 285-293  
] F. Flora ,S.Bollanti, A. Lai et al. SPIE proceedings 4504 (2001) 240-252  
] Unpublished 


	PROJECTION MICROSCOPY WITH SPHERICAL CRYSTALS
	EXPERIMENTAL RESULTS USING SYNCHROTRON RADIATION
	Kirkpatrick-Baez system as pre-optics (KB)
	Projection imaging using spherical crystal and pre-optics

	FOCUSING THE BM BEAM WITH SPHERICAL CRYSTAL

