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Abstract 
Synchrotron radiation imaging methodes have been proven to be highly suitable for investigations in 
materials research and non-destructive evaluation. The intense flux and partial spatial coherence available 
at modern synchrotron light sources allows one to work with high resolutions and different contrast 
modes. This articles gives an overview about different direct and indirect imaging methodes for industrial 
applications, recently available for commercial access via the German light source ANKA and its 
department ANKA commercial services (ANKA COS). 
Keywords: synchrotron imaging, topography, laminography, materials reseach, non-destructive 
evaluation, microtomography, radiography, micro-diffraction, phase contrast, coherent imaging 
 
1.  Introduction 
 
The Synchrotron light source ANKA, located near Karlsruhe (Germany) as part of the 
Forschungszentrum Karlsruhe (Karlsruhe Research Center - FZK), started operation by 
the end of the year 2000. It is operated now by the Institute for Synchrotron Radiation 
(ISS) with user operation since 2003. The 2.5 GeV storage ring delivers radiation for 
currently 13 beamlines (2 of them under commissioning, additionally 2 insertion device 
beamlines are in planning) which are mostly situated at bending magnet ports. ANKA's 
characteristic wavelength of 2 Å is well suited for all kinds of X-ray diffraction analysis 
and imaging methodes. As large scale facility of the Helmholtz Association of National 
Research Centers, ANKA is part of the national and European infrastructure offered to 
scientific and commercial users for performing excellent science and technological 
development [1]. 
Commercial users have full access to professional services of the ANKA facility and the 
FZK infrastructure on a contractual basis via ANKA's commercial services (ANKA 
COS) [2]. 
In 2005 an imaging group has been established within the ISS for the development of 
instrumentation and methods and their application in scientific users' and commercial 
customers' projects. Currently a bending magnet beamline called TopoTomo is available 
for imaging, a dedicated insertion device beamline is under construction and via 
external cooperations (University of Karlsruhe, European Synchrotron Radiation 
Facility) further experimental stations are accessible. A cooperation with the Fraunhofer 
Institut für Techno- und Wirtschaftsmathematik (Kaiserslautern, Germany) is the basis 
for developement and application of quantitative image analysis methods on three-
dimensional (3D) volume data [3]. The imaging group also has a leading role in a 
European research project for the development of novel X-ray detectors based on thin 
scintillating crystals (SCINTAX). These detectors will be characterized and used at 
TopoTomo for topography, microtomography and -radiography. 
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2.  White beam synchrotron X-ray topography and diffraction imaging 
 
White beam synchrotron X-ray topography is a non-destructive characterisation method 
for defects and strain in bulk crystals, electronic devices and epitaxial layers. The 
strength of the method is the easy operation in combination with a high resolution. The 
principle idea is sketched in figure 1: the white beam is diffracted by a crystal. Every 
diffraction vector which fulfils Bragg's law results in one topograph from the same 
sample area, by using X-ray films one can record a Laue pattern of topographs with one 
single exposure. Every inhomogenity (e.g. dislocations) in the crystal structures leads to 
a violation of Bragg's law and therefore to a intensity modification in the corresponding 
topograph, a sample topograph can be seen in figure 2 (left) [4, 5]. Large area and 
section topography alllow for a quantitative analysis of the type of dislocations and the 
dislocation density. For highly absorbing materials the back reflection geometry is 
applied to investigate dislocation networks and small angle grain boundaries. A grazing 
incidence method is used to characterise strain and defects as a function of depth by 
varying the tilt of the sample [4,5].  
 

 
Figure 1. Contrast in X-ray topography: defects in a single-crystal do not fulfil the Bragg condition for a 

selected diffracted beam which leads to a change of intensity in the corresponding topograph [4]. 

 
X-ray films are frequently used to record a Laue pattern of topographs due to their large 
field of view, high sensitivity and high resolution. The rather long post-processing time 
of X-ray films usually do not allow for an automatisation and also high resolution films 
tend to disappear more and more from the market. High resolution imaging pixel 
detectors are one approach to replace X-ray films due to their high dynamic, high speed 
and the high resolutions available [7]. Because of their limited field of view they are 
currently mostly suited to record single topographs (see as example figure 2 (left)), in 
order to obtain a complete Laue pattern of topographs moving the detector to different 
positions is required. An application of this so-called digital white beam synchrotron X-
ray topography is to record a selected topograph, e.g. of a larger wafer, and via a 
mapping to image stress, strains or dislocations over the whole wafer area (for up to 300 
mm diamter) – see figure 2 (right). 
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Figure 2. Left: digitally recorded 111 topograph of a highly sulphur doped InP crystals [6]. Right: 
experimental stage for mapping large wafers (up to 300 mm diameter) with digital white beam 

synchrotron X-ray topography [8]. 
 
X-ray topography extends to more general fullfield microdiffraction imaging schemes, 
e.g. rocking curve imaging. Here, rocking curves corresponding to different areas of the 
sample are measured by recording classical topographs with a monochromatic 
synchrotron beam while tilting the sample around a rocking angle – see figure 3 (top). 
By analysing the rocking curves one can measure stress, mosaicity and curvature in any 
kind of crystalline structure, e.g. again to be applied to wafers in order to optimize the 
fabrication technology. This technique is very promising for quality imaging of 
microelectronic devices [9]. 
 

 

 
Figure 3. Top: rocking curve imaging - a monochromatized synchrotron radiation beam is diffracted by 

the sample; the spatial variation of the diffracted intensity over the surface of the sample is recorded by a 
pixel detector (classical topography). By recording a series of such images for different sample rocking 
angles, a whole set of rocking curves can be measured simultaneously. Bottom: rocking curve nalysis – 

Bragg position (misorientation, stress), FWHM (dislocations, macrodefects, stress, inclusions) [9]. 

c 

o 

u 

n 

t 

s angle of rotation 

 
  

 

  

camera 
housing

X - translation

z - translation

wafer holder
300 mm

vacuum
slit system

Nov. 9, 2006



3.  Synchrotron microradiography and -tomography 
 
Microradiography and –tomography are well-established methods for the non-
destructive evaluation and materials research [10, 11]. The use of synchrotron radiation 
instead of laboratory sources for tomography and radiography allows to extend the 
resolution to the submicrometer scale, to reduce noise, beamhardening and conebeam 
artifacts as well as increasing the contrast by the use of monochromatic radiation [7, 10, 
11, 12, 13] – see also figure 4. This is due to the nearly parallel beam propagation and 
intense flux of synchrotron light sources. Additionally synchrotron light has a partial 
spatial coherence which allows one to use interference effects in order to increase the 
contrast, e.g. phase contrast and holo-tomography [11, 14]. High-resolution and phase 
contrast radiography are used to investigate micro-structured, multi-component material 
systems, e.g. to detect delaminations between substrates and glob tops encapsulating 
wire-bonded devices. Radiographs taken from different projection angles for computed 
microtomography allow to image objects in three dimensions with a spatial resolution 
down to the sub-micrometer range, e.g. bio-ceramics in regenerating bone tissue. The 
subsequent application of 3D image analysis methods derived from stochastic geometry 
can be used for the determination of size distributions, orientations or spatial 
correlations within the tomographic, multi-constituent volume images [3]. 
At ANKA we use two different optical systems for the indirect detection of X-rays by 
projecting the luminescence image of a scintillator magnified via visible light 
microscope optics onto a CCD. One is optimised for moderate resolutions and large 
fields of view used to image bigger objects with more than 1 cm diameter (macroscope). 
The second one is optimised for highest resolutions down to submicrometer scale. 
Further details can be found in table 1. 

 
Table 1. Specifications of optical systems used at ANKA for microimaging 

 
 Macroscope "BAMline" Microscope "OptiquePeter" 

magnifications  3.6x, 1.6x 4x, 8x, 10x, 20x, 40x 
highest resolution R 
/ max. field of view 

R > 5 µm (2.5 µm pixel size) 
22 mm x 15 mm 

R > .7 µm (0.35 µm pixel size) 
7 mm x 7 mm 

 
These optics can be combined with different cameras depending on the application. Our 
PCO4000 uses a large (11 megapixel) chip which makes it well-suited for the 
macroscope as well as highest resolution with the microscope in order to extend the 
field of view. A FReLoN 2k14bit fulfils the needs for high dynamic tomographic scans 
with short exposure times (<< 1 s) and a high duty cycle, e.g. with the microscope 
system and 8x to 20x magnification. Further details on the camera systems currently 
available at ANKA can be found in table 2. 
 

Table 2. Specifications of camera systems used at ANKA for microimaging 
 

 FReLoN 2k14bit PCO4000 
chip  ATMEL TH7899M,  

2048 x 2048, 14 µm 
KODAK KAI-11000, 

4008 x 2672, 9 µm 
max. dynamic / max. 

framerate (full frame) 
13.000:1  
20 FPS 

5.000:1  
5 FPS 



Currently CMOS cameras are commissioned by the ISS imaging group with the aim to 
being able to work with framerates of several thousand images per second with a one 
megapixel chip and a micro-resolution. By using a region of interest framerates up to 
10.000 FPS should be possible. A corresponding CMOS camera will be available by the 
end of this year. Additionally ANKA and the ESRF developing together the FReLoN 
2k14bit further in order to increase the cameras efficiency down to 400 nm, allowing 
one to achieve higher resolutions and to use faster and more denser scintillating 
materials. A first new FReLoN should be running in 2008. 
 
4.  Synchrotron computed laminography 
 
Microtomography is limited to scan objects which fit into the field of view of the 
imaging system. Objects which are slightly bigger than the field of view can be used as 
well (local tomography), frequently introducing artifacts. In order to be able to image 
laterally extended samples, digital laminography for laboratory applications was 
implemented in the nineties where a X-ray source is rotated around the flat sample with 
an inclined angle of projection [15]. Recently, synchrotron computed laminography has 
been implemented at the ESRF beamline ID19 by members of the ISS Imaging group in 
order to image flat and laterally extended objects with high spatial resolution in three 
dimensions. Due to the fact that the synchrotron radiation source is fixed, the sample is 
rotated with an inclined axis of rotation (cf. figure 4 (top, right – laminography and CT - 
left). The inclined axis of rotation results in a different scanning of the Fourier space 
(see figure 4 – bottom), omitting some spatial frequencies but allowing one to image flat 
extended samples in three dimensions. Flip-chip bonded and wire-bonded devices are 
examples which show the potential of this method for typical industrial microsystem 
application like the detection of mm-sized voids within flip-chip solder bumps [16].  
 

 
Figure 4. Top: Sketch of the synchrotron microtomography facility at the beamline ID19 of the ESRF 

[14] (left) and modified setup for synchrotron laminography [16] (right). Bottom: comparison of sampling 
Fourier space for microtomography (CT) and laminography (inclined axis of rotation) [16]. 
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5.  Summary 
 
This article gives a short overview about imaging methods for industrial applications 
accessible via our department ANKA commercial services (ANKA COS) [2]. For 
different examples for applications the reader is asked to follow the citations, visit our 
website our directly get in touch with us.  
Further imaging activities at ANKA which have not been mentioned in this article are 
the development and production of refractive lenses fabricated by deep synchrotron 
radiation lithography [17], fluorescence imaging [18] and the construction of an 
insertion device beamline at ANKA, dedicated to host different imaging methods [1]. 
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