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A suite of four, high precision instruments [1] are used in the temperature controlled, Optics 

& Metrology cleanroom, to characterize the surface topography of synchrotron optics before they 

are installed and used on the beamlines at Diamond Light Source (DLS). One such instrument is 

the Slope Measuring Profiler (SMP), inspired by the “NOM” machine [2] and designed in 

collaboration with staff from the BESSY synchrotron. The SMP is a non-contact instrument, 

which utilizes a high grade pentaprism, and computer controlled air bearing stages, to scan a 

narrow beam of visible light across the surface under test. An electronic autocollimation telescope 

measures the angular deviation of the light reflected from the surface under test. Height 

information, with nanometre scale resolution, is extracted by integrating the angular slope data 

over the entire 2D surface of the optic. Optics, and associated mechanics, up to 1.5m in length and 

weighing hundreds of kilograms, can be mounted on the SMP. Lateral spatial errors in the range of 

1mm to 1500mm are obtained by operating in “flyscan” (continuous) or “step scan” (discrete) 

mode. Slope errors <0.3µrad r.m.s have been routinely measured using the SMP, and repeatability 

(the angular difference between two similar scans, separated by a period of ~40 hours) has been 

recorded at 68nrad r.m.s (see Figure 1). Further technical details about the performance of the 

SMP, and the stability of its environment, will be presented. The SMP has now successfully 

measured numerous synchrotron optics, and we will show how the SMP was used to characterize a 

vertically focusing, thirty two piezo element, bimorph optic [3], purchased from ACCEL GmbH. 

This bimorph optic, and associated high voltage power supply, will be installed on the “Surfaces 

and Interfaces” (I07) beamline at DLS. An iterative, correction matrix algorithm, developed by R. 

Signorato & staff at the Elettra synchrotron, was employed, whilst the SMP actively monitored the 

shape, stability, and repeatability of the bimorph optic. Using this technique, the r.m.s tangential 

height error, over the 550mm active surface, was reduced from 83.7nm to 9.5nm; the 

corresponding r.m.s slope error was minimized from 1.54µrad to 0.6µrad. 



 
Figure 1: The repeatability of the DLS Slope Measuring Profiler 

 

Acknowledgments 

The authors wish to thank and acknowledge F. Siewert, T. Zeschke, F. Senf, and associated staff 
at the BESSY synchrotron, for their expert knowledge and support in helping to develop the 
SMP. 

 

References 
 
[1] S. G. Alcock and K. J .S. Sawhney, “Progress in the x-ray optics and metrology lab at 

Diamond Light Source”, Proc. SPIE, 6704 (2007) 67040E. 
 
[2] F. Siewert, T. Noll, T. Schlegel, T. Zeschke, and H. Lammert, “The Nanometer Optical 

Component Measuring machine: a new Sub-nm Topography Measuring Device for X-ray 
Optics at BESSY”, AIP Conference Proceedings 705, American Institute of Physics (2004) 
847-850 

 
[3] R. Signorato, O. Hignette, and J. Goulon, “Multi-segmented piezoelectric mirrors as 

active/adaptive optics components”, Journal of Synchrotron Radiation 5 (1998) 797 – 800. 
 
 
Corresponding author: simon.alcock@diamond.ac.uk 


