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A double focusing SAXS camera with ym focal spot based on a circular
bragg-fresnel lens
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A 2D focusing SAXS camera has been build based on a circular Bragg-Fresnel lens. The camera has been tested at the
Microfocus beamline at the European Synchrotron Radiation Facility. An undulator was used as radiation source. The focused
beam size at the sample position of about 1,5%2um? and intensity of about 109 photons/s was obtained at a wavelength of
1.24A (10keV). A Molecular Dynamics image plate was used to deiect the low -angle diffraction patiern. For native turkey leg
tendon collagen intermediate areas between the calcified and non-calcified regions were analysed. More than 22 orders including
the first order peak were clearly resolved.

Introduction

X-ray small angle scattering is a well established standard technique for diffraction studies of a wide
range of naturally ocurring and synthetic materials. However the need for high angular resolution in SAXS
technique made it difficult to develop high spatial resolution cameras because of considerable loss of flux
due to collimation of the beam. The combination of microfocusing X-ray optics - based on a Bragg-Fresnel
lens (BFL)- being developed for hard X-ray applications [1-4] with the high brillliance X-ray beams
provided by third generation synchrotron radiation sources open up new opportunites to design SAXS
cameras for measuring diffraction patterns from samples in specific regions of micron dimensions. This
technique can be applied to a range of biological materials. For example, analysis of the intermediate area

between the calcified and non-calcified sections of turkey leg tendon required micrometer size beam since
this area is very small (200-500um)[5].

Experiment

The performance of the BFL-based SAXS camera has been tested at the Microfocus beamline at the
ESRF. The experimental setup is shown in Fig.1. A low-B undulator with the source size
Ox*0,=150*90um?2 was located at a distance of 36m from the camera. The 10keV monochromatic beam
was selected by a Si channel-cut nitrogen-cooled monochromator [6] and was focused on a sample by a
circular Bragg-Fresnel lens using the 555-reflection in nearly backscattering geometry [2,4]. The BFL has
been fabricated on the (111) surface of the silicon single crystal and the basic parameters of the BFL are:
innermost zone width 2r;=17.5um; outermost zone width Arp=0.4um; aperture, A=200um. The focal
distance of the lens was F=0.62m. The demagnification factor was therefore about 60, which gives a focal
spot at the sample of about 2um in diameter. In Fig.2 one can see an image of the focused beam on high
resolution Kodak film placed a few millimetres behind the focal plane (sample position). The central high
intensity focal spot is surrounded by the geometric shadow of the BFL aperture region, where the intensity
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is reduced substantially because only a small fraction of the incident beam is delivered to the zero diffraction
order for phase BFL[4]. The intensity beyond the BFL shadow is due to reflection by the flat Si crystal
outside of the BFL area. This reflection can be easily cut by the horizontal and vertical slits installed
downstream of the lens just before the specimen. The width of the slits should be slightly smaller than the
BFL aperture.

] Circular BFL from Si-111 monochromator
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Fig.1 (a) Schematic layout (top view) of the BFL-based SAXS camera: deviation from normal

incidence: ¢=69; focal distance: F=0.62m; distance sample-io-detector: L=1.3m. (b) Schematic
figure of the optical principle of X-ray focusing by a circular BFL in backscattering
geometry.

The angular resolution of our SAXS camera is defined by the divergence of the beam at the sample
and is equal to the ratio of the BFL aperture to the focal distance: A/F=3*10-4 radian, that means the
samples with the spacings less than 3000A - 4000A can be studied using the proposed camera.

It is useful to make a comparison of the BFL-based camera with a pinhole-based camera without
focusing element. One can easily show that the intensity is greater in the case of focusing optics by factor
£(A/8)2, where ¢ is the diffraction efficiency of the lens, and 8 is the focal spot diameter. In our case the
BFL of 200um diameter and 25% efficiency for 10 kev gives 2.5%103 more photons in 2um spot than does
a 2pum pinhole. This value also gives us the signal-to-noise ratio. Taking into account the loss of intensity
due to backscattering geometry by factor 10, the flux density in the spot is more than 100 times higher
compared with the pinhole collimation and equals ~ 107 ph/s/tmZ/mA.

The sample stage consists of a three-axis manuel-driven translation stage (x,y,z) at the base, X-axis
stepping motor-driven translation stage in the centre and a standard Huber goniometer head with two axis of
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rotation- at the top. The (x,y,z) stage is used for preliminary adjustment of the collagen of 200-400 um
thickness in the pum focus beam. The X stage is used for scanning the collagen during the analysis.

Locating the sample in the (tm X-ray beam was done as follows, First, using the (xyz) stage the tip
of a needle was placed instead of the sample on the goniometer head and adjusted in the focused beam. An
"X-ray eye" camera was used for preliminary alignment. Final alignment was done using high resolution
film. An x-ray image of the tip near the focal spot is shown in fig.2(a). Second, the needle was replaced by
the sample and the centre of the sample roughly corresponded to the tip of the needle. Using the (x,y,z)
stage the point of the sample to be studied was moved into the beam (Fig.2b,c). This point can be set in the
X-ray focused beam to within a few microns. Finally, the microfocus beam was selected by slits of 50-
100um width (schematically shown with dashed lines in Fig.2c).
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Fig.2 X-ray images for the different steps of the adjustment of the sample in the pm-beam.

The X-rays diffracted from the sample were detected on the Molecular Dynamics image plate (IP) of
250mm length and 200mm width. The distance between the IP and the sample was about 1.3m. The
exposure time was about 10-15min. The read out pixel size is 176*176pm2 and dynamic range for
luminescence detection is from 0 to 105.

The diffraction patterns from the different areas of turkey leg tendon collagen are shown in fig.3.
The first 22 meridional reflections were resolved. It was observed that reflections from calcified collagen
have much higher intensity than those from non-calcified area of tendon. Detailed analysis will be done in
future publication. One can easily see the resolution potential of the camera. Very sharp diffraction peaks of
about 300pm width and 3mm distance are observed. This implies that 5-8 times larger Bragg spacings than
collagen (6701&) can be resolved by the camera discussed above.

Conclusion.

The present results show for the first time that small-angle scattering is possible from a sample on
the scale of a few pm and can possibly be extended to the subum range in future. This open the possibility
for new applications of SAXS, in particular in the area of surfaces and interfaces. The important feature of
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proposed camera is the fact that one can measure down to the smallest angles without using a complicated
collimation system: defining and guard apertures (slits).

One of the another atractive feature of the optical setup is a well defined shape of the focused beam
and that the intensity distribution in the focus spot has a high degree of azimutal symmetry. This is very
desireable for SAXS measurements if the accurate form of the scattering curve is required.
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Fig.3 Low-angle x-ray diffraction patterns of the turkey leg tendon collagen obtained in
BFL-based SAXS camera using Molecular Dynamics image plate:
a - non-calcified area; b -calcified area
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