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Abstract 

Two examples of modern developments in the field of X-ray optical elements and 

systems in Berlin-Adlershof are presented: focusing optical systems on the basis of 

glass capillaries, developed in the IfG Institute for Scientific Instrumentation GmbH, 

and diffractive optical systems on the basis of diffraction gratings and reflection zone 

plates, developed in the Institute for Nanometer Optics and Technology of the 

Helmholtz Zentrum Berlin.  

 

1 Specialized Glass Capillary Optics  

Glass capillary optics can be used for numerous different X-ray analytical methods 

such as XRF or XRD, µEXAFS, µXANES and since very recently also full field X-

ray fluorescence in energy interval of 1-30 keV. Improvements of the production 

technology for mono-capillary optics made it also possible to reach routinely spot 

sizes down to 1 µm when used with synchrotron radiation (SR) source and down to 

10 µm with laboratory sources. These lenses are used for X-ray spectroscopy with 

synchrotron radiation at the BESSY II facility as well as in laboratory-scale 

instrumentation, for example XRF applications in scanning electron microscopes. 

For applications in micro X-ray fluorescence analysis, a new generation of poly-

capillary optics was produced with improved physical parameters such as spot sizes 

on the order of 10 µm for MoK and intensity gains of more than 10 000. New 

types of optics are required for the full-field colour X-ray camera was recently 

developed. This large exchangeable poly-capillary array (12x12 mm) in front of the 

inlet aperture of the camera conducts X-ray photons from the probe to the energy 

dispersive pixels on a pn-CCD. This transmission of X-ray photons inside the 

capillary channels enables correct imaging of the sample on the pixels without any 
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cross views. It would make real-time visualization of the element distribution in a 

sample possible without scanning system.  

 

Figure 1. Glass capillary X-Ray optics produced by IfG Institute for Scientific 

Instrumentation GmbH. (A. Bjeoumikhov) 

 

The aim of future developments in capillary optics is to further decrease focal spot 

sizes while increasing brilliance. Such parameters can only be realised if 

corresponding high brilliant micro-focus sources are available and a high quality of 

capillary optics can be guaranteed. New developments for capillary optics were 

carried out by changing the capillary diameters as well as using new glass types to 

improve the transmission qualities. It was shown that poly-capillary optics can be 

flexibly adapted to concrete applications. 

 

2 Advanced Diffractive Optical Systems 

The Institute for Nanometer Optics and Technology (INT) has extensive experience in 

micro fabrication (technology group) and X-ray beamline optics design (optics 

group). In spring 2010, the HZB in cooperation with partners: DIOS GmbH and Chair 

micro and precision devices - TU Berlin decided to build up its own technology centre 

for diffractive x-ray optics design and fabrication. Besides traditional lamellar 

diffraction gratings for synchrotron radiation applications, we have developed 

technology for advanced x-ray optical components such as lamellar and blazed 

gratings as well as reflection zone plates (RZP) for monochromatization and 

spectroscopy in the VUX energy range.  
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2.1 Fabrication technologies 

The main technology for grating fabrication at the HZB is mechanical ruling. The 

workhorse of this technology is the old C. Zeiss ruling engine, GTM-6. After its 

transportation to Berlin, the machine had to be repaired. Mechanical and electronic 

components were maintained and, if necessary, replaced. The first ruled gratings 

were produced in December 2011. In the meantime, the engine has been installed in 

a thermo-stabilized cleanroom environment. The GTM-6 is able to process 

substrates up to 170 mm length. In Figure 2 is shown a grating produced in March 

2013 at the GTM-6. In the following time the ruling process was optimized and 

several blazed gratings on silicon substrates were generated with line densities of 

650 to 2000 lines/mm. A typical result is shown in figure 2.  

A new GTM-24, which will be able to process substrates up to 600 mm in length, is 

currently under construction. It will be delivered in summer 2013.  

 

Figure 2. Diffraction grating, L: 96 mm, W: 16 mm,  

600 lines/mm, Blaze: 5.4° 57h ruling duration. 57600 lines (T. Zeschke) 

 

The wet chemical etching of asymmetrically cut mono-crystalline silicon is another 

effective fabrication method for blazed gratings. The patterning of the necessary 

etching mask can be done by e-beam writing or holography. Precondition for that is a 

precisely cut Si substrate with a super polished surface. Accurate surface cleaning is 

necessary for the KOH etching process. A major challenge for the grating fabrication 

by wet chemical etching is the adjustment of the etching mask to the crystal planes. 

The Si etching method is a very cost-efficient process for generating high quality 

blazed gratings. 
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The method of laser holography is established for fabricating all kinds of laminar 

gratings by lithography. Resist patterning at the HZB is performed by laser 

interference lithography using an UV laser with 442 nm wavelength. When applying 

the laser optics we can presently expose circular areas of about 100 mm. However, 

we intent to overcome this present limit by transferring our set-up to a larger optical 

table.  

The structure of reflection zone plates (RZP), shown in figure 3, was made by using 

high-voltage electron beam lithography (VISTEC EBPG 5000plusES) and reactive 

ion etching techniques. We used a super-polished substrate, patterned and gold 

coated. A RZP with lateral dimensions of 80 mm × 2.4 mm, a lamellar profile of 13 

nm and a minimum zone width of 70 nm was produced on the substrate surface.  

        

Figure 3. An SEM image of the spectrometer structure (Si substrate, Au coating).  
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