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/ABSTRACT \

X-ray pinhole cameras are employed to provide the transverse profile of the electron beam from which the emittance, coupling and energy spread are calculated in the storage ring
of Diamond Light Source. Tungsten blades separated by shims are commonly used to form the pinhole aperture. However, this approach introduces uncertainties regarding the
aperture size. X-ray lithography, electroplating and moulding, known as LIGA, has been used to provide thin screens with well-defined and high aspect ratio pinhole apertures. Thus,
the optimal aperture size given the beam spectrum can be used to improve the spatial resolution of the pinhole camera. Experimental results using a LIGA screen of different
aperture sizes have been compared to SRW-Python simulations over the 15-35 keV photon energy range. Good agreement has been demonstrated between the experimental and the

Qimulation data. Challenges and considerations for this method are also presented. /
X-RAY PINHOLE CAMERAS AT DIAMOND / SRW SIMULATION \
The point spread function (PSF) from each optical element is assumed to be Gaussian The Synchrotron Radiation Workshop [5,6] in Python (SRW-Python) used to simulate:
such that the overall PSF is [1,2]: » the partially coherent wavefront and its propagation by summing up the
0Zp = ginhole + 02 merg (1) f ‘ contributions of SR from 2000 individual electrons
Camera  the image of the photon beam at the scintillator screen.
O-zginhole — O-c%iffraction + O-O%perture (2) \:f \ /
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Figure 1: Schematic of the monochromatic X-ray pinhole camera system.
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LIGA SCREEN
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g ;( ﬁ. < LIGA (X-ray lithography) technology [3]

| ‘enables the fabrication of high-aspect ratio
structures using high-Z materials such that the
pinhole aperture size is known and
controllable. The typical thickness of gold
screens fabricated by LIGA is up to 250 um.
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Figure 2: Pinhole screen design of
3x3 arrays of square holes
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Figure 6: Experimental and simulation data for a range of different pinhole apertures
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PINHOLE APERTURE MEASUREMENTS

Diagnostics Camera SR03C-DI-DCAM-01

ﬂ Camera SR03C-DI-DCAM-01 on SR0O3C-DI-PINH-01
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LIGA offered the possibility to control the
pinhole aperture size and to compare the
theory with the experiment with a good
agreement (< 8%) excl. 11 um aperture.
Given the white beam spectrum peaks at 23
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Figure 3: White beam image using LIGA Figure 4: SEM image for the case of 5 and experiment for this pinhole camera is
screen. 34 um aperture size. £ approximately 15 um. |
o The smallest vertical beam sizes were
To obtain the pinhole aperture size, SEM images were analysed. Some discrepancies 3 obtained from pinhole apertures in the range

of 11 — 23 um

SEM measurements were important to

| , , validate the accuracy of the specified aperture
15 20 25 30 35 gsize and eventually to achieve a good

of the range of few microns were revealed between the SEM measurements and the
specification size.

The banding effect was introduced by Photon Energy fkeV] agreement between the experiment and the
the monochromator [4]. The image Figure 7: Relative difference between simulation.
A000M0n shows the preservation of the vertical the simulated and measured beam A new approach where the PSF of the system
beam size despite the stripe pattern sizes over a range of photon energies can be provided from the simulation, without
the monochromator introduces. for each aperture size. the need for direct measurements of PSF, like
. _ . Touschek calibration, can be explored in the
Figure 5: Image from pinhole camera future
at 23 keV using 25 um aperture. '
4 N[ )
ACKNOWLEDGEMENTS
REFERENCES The authors acknowledge the support of the Karlsruhe Nano Micro
[1] C. Thomas et al., “X-ray pinhole camera resolution and emittance measurement”, Phys. Rev. ST Accel. Beams 13, 022805, (2010). Facility (KNMFi) and the KARA synchrotron light source facility at
[2] P. Elleaume et al., “Measuring Beam Sizes and Ultra-Small Electron Emittances Using an X-ray Pinhole Camera”, J. Synchrotron Rad., (1995). 2, \_the Karlsruhe Institute of Technolog_y(KIT). Y

pp. 209-214.

3] E. W. Becker et al., Fabrication of microstructures with high aspect ratios and great structural heights by synchrotron radiation lithography,
galvanoforming, and plastic moulding (LIGA process)”, Microelectronic Engineering, vol. 4, no. 1, pp. 35-56, 1986

4] A. Rack et al., “Comparative study of multilayers used in monochromators for synchrotron-based coherent hard X-ray imaging.” Journal of

[a]
éy-nchrotron radiation, vol. 17, no. 4, pp. 496-510, jul 2010
5] “Synchrotron radiation workshop.” ,
6] O. Chubar et al., “Main functions, recent updates, and applications of Synchrotron Radiation Workshop code,” in Advances in Computational
Methods for X-Ray Optics IV



https://github.com/ochubar/SRW

