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Abstract
Diffraction and transmission synchrotron imagingmegls have proven to be highly suitable for imgtions
in materials research and non-destructive evalnalibe high flux and spatial coherence of X-ragsrfrmodern
synchrotron light sources allows one to work udiigh resolution and different contrast modaliti€kis article
gives a short overview of different transmissiod diffraction imaging methods with high potentiaf f
industrial applications, now available for commateiccess via the German light source ANKA
(Forschungszentrum Karlsruhe) and its new depaitiiKA Commercial Service (ANKA COS,

http://www.anka-cos.de).

Keywords: X-ray topography, laminography, micro-tomograptagdiography, micro-diffraction, synchrotron

radiation
PACS: 07.85.Qe, 81.70.Tx, 61.72.Ff

1. Introduction

The synchrotron light source ANKA (Angstromquellardéruhe), located near Karlsruhe (Germany) asqfart
the Forschungszentrum Karlsruhe (Karlsruhe Resdaectre — FZK / K.I.T.) is operated by the Insttdior
Synchrotron Radiation (ISS). First user experimavese carried out in 2003. The 2.5 GeV storage dielivers
radiation for currently 13 beamlines (2 of them emdommissioning, 2 additional insertion devicerhkaes are
in the construction phase) which are mostly sigiatebending magnet ports. The energy spectruntednaiat
ANKA is well suited for all kinds of X-ray diffra@n analysis and imaging methods. As large scaliitfaof
the Helmholtz Association of National Research @entANKA is part of the national and European

infrastructure offered to scientific and commerciaérs for performing excellent science and teagioél
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development [1]. Commercial users have full actegsofessional services of the ANKA facility artetFZK

infrastructure on a contractual basis via ANKA'sY@oercial Service department (ANKA COS) [2].

In 2005 an X-ray imaging group has been establigtitidn the ISS for the development of instrumeiotaand
methods and their application in scientific usarsl commercial customers' projects. Currently alimgn

magnet beamline named TopoTomo is available fogintg a dedicated insertion device beamline is unde
construction and further experimental stationsazeessible via external cooperations (Universititafisruhe,
European Synchrotron Radiation Facility). A coopierawith the Fraunhofer Institut fur Techno- und
Wirtschaftsmathematik (Kaiserslautern, Germanyhésbasis for development and application of quatinte

image analysis methods on three-dimensional (3Jjme data [3]. The imaging group also has a leadigin

a European research project for the developmembwedl X-ray detectors based on thin scintillatingstals
(SCIN™ - http://www.scintax.eu). These detectors willdharacterized and used at TopoTomo for topography,

micro-tomography and —radiography [21, 22].
2. White beam synchrotron X-ray topography and difraction imaging

White beam synchrotron X-ray topography is a nostetive characterisation method for defects dradrsin
bulk crystals, electronic devices and epitaxiaklay The strength of the method is the easy operati
combination with high spatial resolution. The pippie idea is sketched in figure 1: the white beardiffracted
by a crystal. Every diffraction vector which fufiBragg's law results in one topograph from theessample
area, by using X-ray films one can record a Lautepaof topographs with one single exposure. Every
inhomogeneity (e.g. dislocations) in the crystaldiure leads to a violation of Bragg's law andéfae to an
intensity modification in the corresponding topggraAn example of a topograph can be seen in figufeft)
[4, 5]. Large area and section topography allowafguantitative analysis of the type of dislocadiand the
dislocation density. For highly absorbing matertalks back reflection geometry is applied to in\geste
dislocation networks and small angle grain bouregar\ grazing incidence method is used to chariaetstrain

and defects as a function of depth by varying itheftthe sample [4, 5].

X-ray films are frequently used to record a Lauttgra of topographs due to their large field ofw;jdnigh
sensitivity and high resolution. The rather longtgarocessing time of X-ray films usually do ndbal for an

automatisation and also high resolution films temdisappear more and more from the market. Higblution
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imaging pixel detectors are one approach to reptacay films. They combine comparable spatial ragoh,
high dynamic range and high frame repetition rffe8]. As their field of view is limited (see agample figure
2 — left), moving the detector to different pogiisas required to obtain a complete Laue pattetomdgraphs
[8]. An application of this so-called digital whibeam synchrotron X-ray topography is to recordlacied
topograph, e.g. of a large wafer, and via a mapfunmage stress, strains or dislocations oventhele wafer

area (for up to 300 mm diameter) — see figuregh(}i[6].

X-ray topography can be extended to more genelldidid micro-diffraction imaging schemes, e.gcking
curve imaging. Here, rocking curves correspondindifferent areas of the sample are measured lyydieg
classical topographs with a monochromatic synchrotream while tilting the sample around a rockingle —
see figure 3 (top). By analysing the rocking cureee can measure stress, mosaicity and curvatuaneyitkind
of crystalline structure, e.g. again to be appledafers in order to optimize the fabrication teclogy. This

technique is very promising for quality imagingroicroelectronic devices [9].

3. Synchrotron micro-radiography and -tomography

Micro-radiography and —tomography are well-estdiglts methods for the non-destructive evaluation and
materials research [10, 11]. The use of synchratadiation instead of laboratory sources for torapdy and
radiography allows to extend the resolution toghke-micrometre scale, to reduce noise, beam hargemd
cone beam artefacts as well as increasing theasirtiy the use of monochromatic radiation [7, 10,12, 13] —
see also figure 4. This is due to the nearly palrbtam propagation and intense flux of synchrofigirt
sources. Additionally, synchrotron light has a éegof spatial coherence that allows to use intenfez effects,
e.g. phase contrast and holo-tomography, in oalarcrease the contrast [11, 14]. High resolutiod phase
contrast radiography are used to investigate nstmectured, multi-component material systems, te.getect
delaminations between substrates and glob topsgsuleing wire-bonded devices. Radiographs takem fr
different projection angles for computed micro-taraphy allow to image objects in three dimensioith &
spatial resolution up to the sub-micrometre raegg, bio-ceramics in regenerating bone tissue. &yent 3D
image analysis, for example by methods derived fstonhastic geometry, can be used for the detetimimaf

size distributions, orientations or spatial cortielas within tomographic, multi-constituent volurimeages [3].

At ANKA we use two different optical systems foetmdirect detection of X-rays by projecting the
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luminescence image of a scintillator magnifiedwigible light microscope optics onto, for exam@eZCD.
One is optimised for moderate resolutions and |fiedés of view used to image bigger objects witbrenthan 1

cm diameter (macroscope). The second one is ogtihfte highest resolutions down to sub-micrometades

These optics can be combined with different digiteheras depending on the application. A comméycial
available PC0.4000 (PCO AG / Cooke Cooperatioth wilarge (11 megapixel, interline transfer CChipc
can be used with the macroscope as well as forreigblution with the microscope in order to extémeifield of
view. A FReLoN2k14bit fulfils the needs for high dynamic tomographicrscavith short exposure times

(<< 1 s) and a high duty cycle, e.g. with the mécagpe system and 8x to 20x magnification [23].

Currently high speed CMOS cameras are applied ®y3B imaging group with the aim to being able tlw
with frame rates of several thousand images pemgkeemploying a one megapixel chip and spatial anicr
resolution. By using a region of interest, framiesaof several 10 000 FPS are possible [20]. Aatutitly
ANKA and the ESRF developing together the FRel2kii4bit further in order to increase the cameras
efficiency down to 400 nm, allowing one to achidngher resolutions and to use faster and more dense

scintillating materials. A first new FReLoN will lmmmissioned in the second half of 2008.

4. Synchrotron computed laminography

Micro-tomography is limited to scan objects whidhrito the field of view of the imaging system. j@tts
which are slightly bigger than the field of viewnche used as well (local tomography), frequenttsoiiucing
artefacts. In order to obtain volume image datatafrally extended samples, digital laminographjdboratory
applications was implemented in the 1990s. HereX-aay source is rotated around the flat sampld ait
inclined angle of projection [15]. Recently, synatnon computed laminography has been developed and
implemented at the ESRF beamline ID19 by membetiseofSS Imaging group in order to image flat and
laterally extended objects with high spatial retoluin three dimensions. Due to the fact thatajaechrotron
radiation source is fixed, the sample is rotatetth awn inclined axis of rotation (cf. figure 4 (tapght) —
laminography and CT - left). The inclined axis ofation results in a different scanning of the keuspace (see
figure 4 — bottom), omitting some spatial frequesdbut allowing one to image flat extended samipl¢isree
dimensions. Flip-chip bonded and wire-bonded devare examples which show the potential of thishoet

for typical industrial micro system applicationdikhe detection of mm-sized voids within solder parfl6].
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5. Summary

This article gives a short overview of imaging nueth for industrial applications accessible via department
ANKA Commercial Service (ANKA COS) [2]. Further imig activities at ANKA which have not been
mentioned in detail in this article are the devatept and production of refractive lenses fabricétgdeep
synchrotron radiation lithography [17], fluorescenmaging [18] and the construction of an inserdenice

beamline at ANKA, dedicated to host different inrggmethods [1].

This contribution was funded by the CAARI2008 local organizing committee.
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Figure 1. Contrast in X-ray topography: defecta single-crystal do not fulfil the Bragg conditifor a selected
diffracted beam, which leads to a change of intgnsithe corresponding topograph (Figure courtesy

J. Hartwig, ESRF) [19].
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Figure 3. Top: rocking curve imaging - a monochrtresl synchrotron radiation beam is diffracted vy t
sample; the spatial variation of the diffractedmtity over the surface of the sample is recorgeal fxel
detector (classical topography). By recording &seauf such images for different sample rockinglesiga
whole set of rocking curves can be measured simedtasly. Bottom: rocking curve analysis — Braggitpms

(misorientation, stress), FWHM (dislocations, maefects, stress, inclusions) [9].
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9 Figure 4. Top: Sketch of the synchrotron micro-tgnaghy facility at the beamline ID19 of the ESRE][lleft)
10
11 and modified setup for synchrotron laminographyj [tight). Bottom: comparison of sampling Fouripase
12
13 for micro-tomography (CT) and laminography (inclingxis of rotation) [16].
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