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ABSTRACT Synchrotron radiation-based micro-Laue tech-
nique has showcased great application potentials in materials
science study for its unprecedented crystal orientation and
lattice strain/stress resolution. Here we report the updated
progress in the development of the micro-Laue technique on
the X-ray test beamline at Shanghai Synchrotron Radiation
Facility. So far, 40 pm (h) x 50 pm (v) X-ray beam spot is
routinely obtained, with the convergent angle of 0.2 mrad (h)
x 0.12 mrad (v). Area scans are conducted on a GH3535 Ni-
based superalloy base metal and weld joint with the same
chemical composition. By analyzing the tremendous amount
of Laue diffraction patterns using in-house developed software
packages, the crystal orientation, elastic strain, and defect
distributions are mapped and investigated. Such a successful
proof-of-principle study offers first-hand experience on the
further optimization of the design and construction of the
scanning micro-Laue facility on the superbend beamline with
improved spatial resolution and multiple functions for si-
multaneous chemical fluorescence mapping and in-situ mi-
crostructural evolution studies. The micro-Laue diffraction
beamline at Shanghai Synchrotron Radiation Facility will
provide a versatile and powerful tool for the orientation and
strain/stress mapping combined with phase identification

with micron-sized spatial resolution.
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orientation/strain mapping, peak profile analysis, Ni-based su-
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INTRODUCTION
According to the classic definition of Laue diffraction, the
incident X-ray has to be continuous spectra and the
sample must be a single crystal [1]. Synchrotron radiation
sources, originally parasitizing on electron accelerator
and energy storage ring used for high-energy physics
research, have provided huge promotion to academic and
industrial research, and updates and expansion of scien-
tific and technological concepts. The synchrotron scan-
ning X-ray micro-Laue diffraction technique takes
advantage of the micro- or even nano-sized high-flux
polychromatic X-ray beam produced from synchrotron
radiation light source with the assistant of focusing optics.
Equipped with high-accuracy scanning stage and large-
area two-dimensional (2D) detectors, Laue diffraction
patterns can be obtained on any crystalline metals, ma-
terials and minerals with grain sizes bigger than the X-ray
beam size in single point, line-scan, and surface-area-scan
modes [2]. Further development of the differential aper-
ture in the manner of wire scan has offered the resolution
in the depth dimension and realized the so-called 3D
micro-Laue diffraction [3]. By indexing the Laue dif-
fraction patterns recorded at each scanning position, the
local crystalline information is extracted, including the
phase, orientation, elastic and plastic strain/stress tensor
components, and dislocation content.

Compared with charged particle-based material char-
acterization techniques such as electron and focused ion
beam microscopy, micro-Laue diffraction offers some
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important advantages in terms of greater penetration
capability so that bulky and buried materials at the depths
of several to several hundred microns are probed, and
thus no delicate surface polishing, as electron backscatter
diffraction (EBSD) requires, and/or thin sectioning, as
transmission electron microscopy (TEM) demands, is
necessary. Therefore, the artifacts that are frequently in-
troduced during sample preparation procedures are
greatly mitigated. The micro-Laue diffraction technique
measures the lattice strain and crystallographic orienta-
tion with unprecedented accuracy compared with any
other microscopic methods. Moreover, combining fine
probe size and scanning capability, micro-Laue diffrac-
tion provides decent spatial resolution (hundreds of nm
to um) and sampling area/volume (mm size) simulta-
neously, which bridges the atomic and macroscopic scales
and showcases applications in the research fields of ma-
terials science, physics, chemistry, electronics, and earth
and environmental sciences. Taking advantage of 3D
microdiffraction, strain/stress concentration and de-
formation-induced cracking mechanism in bulk austenite
steel are unraveled at the submicron scale [4]. The mag-
nitude and direction of the highly non-uniform residual
strain distribution in additively manufactured (3D prin-
ted) superalloy single crystals are mapped, enabling the
design of strain releasing heat treatment protocol [5]. For
novel functional materials, the electric conductivity be-
havior depending on domain structures, as well as crystal
structure and phase transition dependence of tempera-
ture, electric current, and chemical doping are compre-
hensively studied with the assistance of in situ testing
stages [6-9]. For even more complicated systems such as
natural minerals and biominerals, micro-Laue diffraction
also finds its unique applications, to uncover the de-
formation history as a potential palaeo-piezometer [10]
and the microstructure-toughness relation [11]. Different
from sharp Laue peaks obtained from defect free crystals,
the streaking of Laue diffractions is observed from a
specimen in which geometrically necessary dislocations
(GNDs), constituting arrays of dislocations of the same
sign, accommodate local crystal lattice bending. GNDs
can be measured with both EBSD and micro-Laue, while
the latter offers much improved accuracy because of
better orientation resolution [12]. Statistically stored
dislocations (SSDs) in contrast produce an angularly
isotropic broadening of Laue reflections [13], which
cannot be detected using EBSD. The application of dis-
location study using TEM is limited to low dislocation
densities (not exceeding 10" m °) and small area in thin
foils, while scanning micro-Laue technique breaks
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through these barriers [14].

Micro-Laue diffraction beamlines have been designed
and constructed in several synchrotron radiation light
sources. Beamline 34-ID-E at the Advanced Photon
Source (APS) in Argonne National Laboratory, USA, is
the first micro-Laue beamline on the earth, featured by
0.3 um x 0.3 um focused polychromatic beam with an
energy range from 7 to 30keV and the flux of
~10" photons s ' in white beam mode [15]. The high
energy and flux ensure the strong signals from depth and
thus make the 3D microdiffraction routinely available for
users. Beamline 12.3.2 at the Advanced Light Source
(ALS) in Lawrence Berkeley National Lab, USA, is the
first microdiffraction beamline in the world with a su-
perbend source (X-ray beam generated by a 6 T super-
conducting bending magnet) to avoid highly structured
incident spectra and thus simplify the crystal structure
refinement [16]. The in-house developed software pack-
age, XMAS, is a powerful tool to index and analyze the
Laue diffraction patterns from almost all crystal struc-
tures. Beamline 21A at Taiwan Photon Source (TPS) of
China has achieved sub-100 nm beam size routinely for
general users and assembled a scanning electron micro-
scope with the microdiffraction system, which attracts
great attention from the microelectronic community [17].
Ultra-high speed detector has been developed and applied
on the micoXAS beamline in Swiss Light Source (SLS) to
study the 3D printing of Ti alloys [18]. Micro-Laue dif-
fraction experiments have also been carried out at Dia-
mond [19] and Canadian Light Sources [20] as well as the
European Synchrotron Radiation Facility [21]. Some of
the key specifications of the corresponding beamlines are
summarized in Table 1.

Shanghai Synchrotron Radiation Facility (SSRF) is the
first third-generation synchrotron light source of China
and has a certain degree of foresight in its design, which is
equipped with extensive insertion devices such as multi-
pole wigglers and undulators producing X-rays with high
brightness [22]. Along with the improvement and sup-
plements, synchrotron polychromatic micro-Laue dif-
fraction is planned to be implanted on a superbend
beamline BLO3B. As a proof-of-principle study, the mi-
cro-Laue experimental setup is firstly assembled and tried
out on the X-ray test beamline (BL09B). In this report, the
progress of the micro-Laue project at SSRF is introduced.
Micro-sized polychromatic X-ray beam is obtained, and
surface 2D scans are carried out on solid-solution-
strengthened Ni-based superalloy GH3535. The collected
Laue patterns are analyzed using in-house software
packages PPCIA (software copyright registration number
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Table 1

A summary of the micro-Laue beamline specifications all over the world

Micro-Laue beamline Energy range (keV)

Beam size (um’) Uniqueness

34-ID-E@APS 7-30
12.3.2@ALS 5-22
21A@TPS 5-30
microXAS@SLS 3-23
B16@DLS 5-25
BM32@ESRF 5-25
VESPERS@CLS 6-30
Currently on 09B, finally on 4-30

03B@SSRF

40 x 50 on 09B (Jun. 2020);

03x03 3D diffraction
~1x1 Versatile data analysis software
0.1 x 0.1 Ultra-high sub-100 nm resolution
~1x1 Ultra-fast 20 kHz data collection
~50 x 50
~0.5 x 0.5
~4 x 4

High-speed data analysis for simulta-

1 x 1.5 on 03B (designed) neous microstructure visualization

2018SR865737) and LDat (software copyright registration
number 2018SR865716). Orientation, lattice strain, and
peak width maps are plotted using Xtal CAMP developed
at Xi'an Jiaotong University [23]. The future development
prospect is also discussed briefly.

EXPERIMENTAL SECTION

The layout of the micro-Laue diffraction experimental
setup on the X-ray test beamline, BL09B, at SSRF is dis-
played schematically in Fig. 1. Electrons are accelerated in
the linear accelerator and booster and then transported to
the storage ring. On BL09B, synchrotron radiation X-rays
are generated by a 1.2726 T bending magnet. The photon
energy ranges from 4 to 30 keV with the critical energy at
10.4 keV, the photon flux goes up to 3 x 10" photons s '
@ 10 keV, 300 mA. The unfocused white beam accep-
tance angle is 2.5 mrad in horizontal (h for short) and
0.3 mrad in vertical (v for short) directions, and the
source size is 161 um (h) x 51 um (v), in terms of full
width at half maximum (FWHM). The acceptance angle
can be adjusted by the 1 white beam slit, which is 18.5 m
from the light source. 2.5 m downstream from the white
beam slit, a water-cooled double crystal monochromator
is installed, which can be moved in and out of the beam
to enable the rapid switch between white and mono-
chromatic modes. 3 m further downstream a toroidal

mirror is employed to focus the X-ray beam in both
horizontal and vertical directions. The toroidal mirror is
made of a silicon crystal and coated with 50-nm-thick Rh
to secure excellent reflectivity of X-rays up to 20 keV. The
roughness of the toroidal mirror is less than 3 A (RMS).
Normally, the toroidal mirror is operated at the grazing
angle of 2.8 mrad, and for even higher energy, the grazing
angle is further decreased. Under white beam mode, the
toroidal mirror is water cooled to reduce thermal de-
formation caused by the high thermal load of polychro-
matic synchrotron radiation.

After passing the 2" slit, the polychromatic X-ray is
finally fine-focused using a pair of perpendicularly con-
figured Kirkpatrick-Baez mirrors (KB mirrors), which sit
at 43 m away from the light source, to achieve micron-
sized probe. The mirror substrates are made of a super
polished plane Si single crystals of 320 mm x 12.5 mm X
10 mm and 220 mm X 12.5mm x 10 mm in dimension
(both are length x width x thickness). The Si substrates
are coated with 50-nm Rh. The KB mirrors work in a
chamber filled with He gas to avoid contamination. To
prevent thermal effects from the incident X-ray beam, the
KB mirrors are connected with the chamber wall using
copper braids. With the KB mirrors, 4-20 keV white
beam or monochromatic beam can be obtained, with
40 um beam size (Fig. 2). The focal length is 120 mm and

Storage Bendin?
ring m\ag;ne Mono- Detector
é chromator Slit 5
S h % o By oy
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Figure 1
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Scan stage

Schematic layout of the micro-Laue diffraction setup on BL0O9B in SSRF.
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Figure 2 Focused X-ray beam spot shape and size. (a) The X-ray beam spot is symmetric on the scintillator; (b, ¢) the FWHMs in the horizontal and

vertical directions measured to be ~43.5 and 50.5 pm, respectively.

the convergence angle is 0.2 mrad (h) x 0.12 mrad (v).

For scanning micro-Laue diffraction study, the samples
are mounted firmly on a high-accuracy scan stage with
seven motion freedoms, including coarse and fine trans-
lational motions in all three dimensions (for simplicity a
laboratory coordinate system is established and displayed
in Fig. 1) as well as tilting along the x-axis to tune the X-
ray incident angle. To balance between spatial resolution
and detector coverage angle, the sample is usually tilted to
45° and carefully positioned to have the focal point of the
X-ray beam on the sample surface. The polychromatic
Laue or monochromatic powder diffraction patterns are
collected using a 2D Mercu 1717V amorphous Si flat
panel detector, which is placed about 417 mm above the
sample surface, at 90° with respect to the incident X-ray
beam. The detector is 3072 x 3072 pixels in dimension,
and each pixel is 139 um X 139 pm in size.

DATA ANALYSIS

On account of enormous synchrotron radiation Laue
micro-diffraction patterns collected in each area scan, it is
time consuming to index all the Laue patterns one by one

Counts
(10%)

sequentially, and it is frequently demanded that the Laue
peak profile of each diffraction pattern should be ex-
tracted. To fulfill these requirements, custom developed
software packages are applied for data mining.

First of all, the experimental parameters need to be
input into PPCIA, including the lattice constants of the
crystal phases possibly existing in the specimen, energy
range of the X-ray, detector dimensions (size and pixel
number), and diffraction conditions. The diffraction
geometry parameters, including the distance from the
sample surface to the active face of the detector, the
center channel of the detector, and the relative tilt angle
of the detector (yaw and pitch), are dedicatedly refined by
taking a Laue diffraction on a strain-free single crystal Si.
These parameters are essential to correct Laue pattern
indexing, as well as accurate peak profile measurement in
reciprocal space. Secondly, the experimental Laue dif-
fraction patterns are loaded into the software and dis-
played in user-defined false colors (Fig. 3a). Then the
background signals mainly come from the fluorescence
effects. In PPCIA, the background signals of each Laue
pattern are fitted using a 2D generalized Briickner algo-
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Figure 3 Laue diffraction pattern visualization and indexation using the software package PPCIA. A typical Laue pattern is (a) loaded into the
software, (b) binarized, and indexed, with the Miller indices of the Laue reflections marked.
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rithm, which was originally developed to estimate the
background for 1D powder diffraction pattern through a
robust smoothing procedure [24]. After the background
signals are subtracted from the experimental data, the
Laue pattern is binarized and Laue peaks are searched
according to a user-defined threshold value, as marked by
the black rectangles in Fig. 3b. It is noted that the black
and white colors in Fig. 3b are inverted compared with
those on the software interface for the sake of display
convenience. The position coordinates on the detector (x-
pixel and y-pixel) of each individual Laue diffraction peak
are determined by fitting the intensity profile (I) using a
2D Gaussian function. Since it is not an easy task to
quantify the intensity of each Laue peak, which is affected
by a number of artifacts, especially for polychromatic X-
ray diffractions, indexing the Laue patterns does not take
the intensity information into account. The local crystal
orientation is obtained by indexing the Laue pattern, i.e.,
fitting the position of the Laue diffraction peaks based on
the input lattice constants. Once the indexing procedure
succeeds, the Miller indices of all indexed Laue peaks
show up on the interface, as demonstrated in Fig. 3b.
Once indexed, the angles between experimentally re-
corded diffraction peak positions are compared with the
theoretically calculated ones derived from unstrained
lattice constants, lattice parameters for a distorted tri-
clinic cell are refined by using least squares fitting, and
thus a strain tensor is obtained for each micro-Laue scan
position [25,26]. The local orientation matrix and strain
tensor results are output into .idx and .stn files, respec-
tively, each as a 3 x 3 matrix. Taking advantages of the
peak position comparison (PPC) algorithm [27], nu-
merous Laue patterns are analyzed automatically, and for
each Laue pattern the analyzed results are saved. After all
the recorded Laue patterns taken from a microdiffraction
scan are analyzed, the spatial distributions of orientation
and lattice strain are mapped.

From the fundamental principles of Laue diffraction,
the Laue peak width along the long axis, the GND density
can be calculated, but the peak width along the short axis
is determined by the total dislocation density [28]. If the
peak widths along the long- and short-axes are similar,
SSDs are dominant in the local diffraction volume. For
this reason, the software package LDat is developed for
peak profile analysis. An example is given in Fig. 4. The
157 Laue peak from the Ni-based superalloy GH3535
shown in Fig. 3b is enlarged in Fig. 4a. The diffraction
peak is firstly converted to the angular (26-y) space
(Fig. 4b), and then projected to the 20- and y-axes, re-
spectively. 20, as in most of the diffraction related studies,
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is defined as the angle between the incident and diffrac-
tion beam; y, following the denotation suggested by
Busing & Levy [29], represents in angle included by two
feature planes. One plane is defined by the incident and
diffraction X-ray beams, and the other is decided by the
incident X-ray beam and the detector center channel. As
shown in Fig. 4c, d, respectively, where the peaks are
fitted using Gaussian functions, subpeaks are observed,
indicating the probable existence of low-angle grain
boundaries in the probed sample volume. Gaussian fitting
of the major peak in both directions shows significantly
different FWHMs, providing apparent evidence to the
GNDs in the corresponding subgrain. Users can also use
the software to convert the selected Laue peak into the
reciprocal g-space, which is even more convenient to
study the dislocation type and density.

APPLICATIONS

GH3535 is a solid-solution strengthened Ni-based su-
peralloy designed and fabricated in China, specifically for
the future applications of Chinese thorium molten salt
reactors. The microstructures of this alloy and its weld
joint have been widely investigated using conventional
and synchrotron characterization techniques [30]. Here,
the synchrotron polychromatic X-ray micro-Laue dif-
fraction was applied to provide additional microstructural
information for this alloy, including the crystal orienta-
tion, elastic strain, and defect distributions.

Sample preparation

In this study, the microstructural features of the as-re-
ceived Ni-based superalloy GH3535 and its weld joint
were investigated using synchrotron polychromatic X-ray
micro-Laue diffraction. The chemical composition of
GH3535 and the corresponding ERNiMo-2 filler material
are listed in Table 2. The gas tungsten arc weld joint was
prepared on a piece of 20-mm-thick GH3535 plate using
the ERNiMo-2 filler material with a diameter of 1.2 mm.
Welding was operated at the voltage of 14 V, current of
200 A, pulse frequency of 2.5Hz and 10 mms ' travel
speed under argon shielding gas. Thus the heat input
energy was calculated to be 2.8 kJ cm '. More detailed
geometric construction and experimental parameters can
be found in a previous report [31].

Specimens for the micro-Laue diffraction character-
ization were cut from the as-received plate (also called
base metal in this report) and the fusion zone of the as-
welded weld joint. The specimens were mechanically
polished using SiC sandpapers and washed with an
ethanol ultrasonic bath for 20 min. Then an area of

September 2021 | Vol.64 No.9
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Figure 4 Laue peak profile analysis using the software package LDat. The 157 reflection on the pattern shown in Fig. 3 is (a) enlarged, (b) converted

to the 26-y space, and (c, d) projected to 26- and y-axes, respectively.

Table 2 Chemical compositions of the GH3535 plate and ERNiMo-2 welding wire in wt%

Ni Cr Mo Fe C Al Mn S P
ERNiMo-2 Bal. 6.89 16.4 3.62 0.43 0.053 0.06 0.58 <0.001 0.002
filler alloy
GH3535 base ) 6.96 16.3 3.88 0.33 0.061 0.08 0.52 0.001 0.003

metal

1050 um x 330 um was scanned using the micro-focused
X-ray beam on the base metal, denoted as Scan 1, and
Scan 2 was performed in the fusion zone for an area of
1740 um x 1080 pm, both with the scanning step size of
30 um.

Microstructure of the base metal

From the orientation map in Fig. 5a, Scan 1 was carried
out in a crystal grain with the [011] crystallographic di-
rection parallel to the x-scan stage. The filtered intensity
map (Fig. 5b) demonstrates more microstructural fea-
tures [32] and evidences heterogeneous defect distribu-
tions in the scanned area. The brighter parts in the

September 2021 | Vol.64 No.9
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filtered intensity map represent sharper diffraction peaks
and thus lower defect density, while the darker spots
correspond to higher defect density. By calculating the
average orientation deviation between each individual
scan pixel and its eight closest neighbors, the kernel
average misorientation (KAM) map, in the dimension of
a degree per unit length, is created and plotted in Fig. 5c.
Comparing Fig. 5b and ¢, similar inclined stripe-shaped
features are observed, indicated by the dashed yellow lines
on both left and right sides. The misorientation dis-
tribution is represented using another way by computing
the misorientation angle between the orientation at each
scanning position and the one at the bottom left corner
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Figure 5 The microstructure distribution of the scanned base metal. (a) Inverse pole figure shows the scanned area contains only one crystal grain.
(b) The filtered intensity, (c) KAM, and (d) misorientation of each scanning pixel with respect to the bottom left point show inhomogeneous
orientation. (e, f) Non-uniform FWHM of the 135 reflection demonstrates heterogeneous defect distribution.

pointed by the purple arrow, as displayed in Fig. 5d. The
features in this map are closely related to the Laue dif-
fraction peak width, which are demonstrated in Fig. 5e, f
in both 26 and y directions. Here the 135 Laue peak is
picked as an example. Note that the peak widths in both
axes are within 0.3°, and it is more broadened in 26 axis
than in y direction.

The diagonal components of the deviatoric strain ten-
sor (&, €&, and ¢,,) distributions are mapped and shown
in Fig. 6. Red and blue pixels stand for tension and
compression, respectively, and the color range is from
—1.5 x 10 ” to 1.5 x 10 °. In general, the scanned volume
of the specimen is under tensile strain in the x-axis while
compressive in the y-axis. The out-of-plane strain, ¢, is
significantly released, which is similar to the phenomena
previously observed in metallic and mineral materials
[33,34]. The features observed in the misorientation map
can also be visualized in the strain distributions, especially
in the ¢, map, as indicated by the dashed semi-elliptical
curve in the strain map as well as Fig. 5d.

Microstructure of the fusion zone

Columnar grain structures are observed in the fusion
zone, evidenced from both the inverse pole figure
(Fig. 7a) and the filtered intensity (Fig. 7b) map. In the
inverse pole figure orientation map, especially on the
right hand side, quite a portion of Laue patterns are failed
to be indexed, due to the high defect density and thus low
diffraction peak intensity. The columnar grains are par-
allel to one another because they grow approximately
along the directional temperature gradient caused by the
heat transfer from weld pool to base [35,36]. The KAM
map shows much higher misorientation in the scanned
area in the fusion zone (Fig. 7c), and the misorientation
in individual grains, as displayed in Fig. 7d, is also high
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Figure 6 Diagonal strain tensor components of the scanned area in the
base metal.

and non-uniform.

For such polycrystalline specimens, it is not straight-
forward to quantify the diffraction peak width. For an
easier comparison, two grains (marked as 1 and 2 in
Fig. 7a) are selected for in-depth study. The 135 Laue
reflections, with the same Miller indices as those de-
monstrated in Fig. 5e, f, of both grains are converted and
projected onto the 20- and y-axes. The average peak
widths in Grains 1 and 2 spread 0.50° and 0.47° along the
20-direction, respectively, which are ~2.5 times as wide as
the average peak width in Scan 1 (~0.18°). In the y-axis,
the Laue reflections measure about 0.29° in both grains in
the fusion zone, which is approximately 1.8 times as
broad as the ones in the base metal (0.16°). As a result, the
defect density in Scan 2 is much higher than that in Scan
1.

September 2021 | Vol.64 No.9
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Figure 7 The microstructure distribution of the scanned weld joint area. (a) Inverse pole figure and (b) the filtered intensity show the columnar
grain structure; (c) KAM and (d) intragranular misorientation distribution suggest higher orientation gradient than in the base metal.

In the strain tensor component maps in Fig. 8, it is clear
that the strains in the fusion zone are by far higher than
those in the base metal. The direction and magnitude are
more scattered. We believe these are rooted from several
sources. First of all, a higher density of microstructural
defects, which are distributed more inhomogeneously,
exists in this area because of the high cooling rate and
crystal growth rate. Secondly, the mismatch of coefficient
of thermal expansion and elastic modulus between ad-
jacent crystal grains further contribute to the high mag-
nitude and non-uniformity of the strains. Finally, higher
measurement errors are inevitable due to the irregular
profile of the Laue diffraction peaks recorded in this area.
For a direct comparison, typical Laue patterns from both
scanned areas are illustrated in Fig. 9a, b, respectively.
The peaks from Scan 1 are sharp, while those from Scan 2
are smeared and splitting. Consequently, the von Mises
strains in Scan 1 distribute in a narrow range from 0.5 x
10 to 3 x 10 °. However, in Scan 2, the von Mises strains
spread from 1 x 10 ° to 10 x 10 .

CONCLUSION AND OUTLOOK

In this study, we report the first realization of synchro-
tron scanning polychromatic X-ray micro-Laue diffrac-
tion technique at SSRF on the test beamline BL09B. With
the delicately tuned slits and K-B mirrors, the X-ray beam
generated from the bending magnet source is focused
down to 40 pum x 50 pm. With the aid of scanning stage
and 2D detector, micro-Laue scans are made on two
different GH3535 superalloy prototype materials, and
thousands of Laue patterns are collected. Using in-house
developed data analysis software packages, the micro-
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Figure 8 Diagonal strain tensor components of the scanned area in the
fusion zone.

structural features, including crystal orientation, or-
ientation gradient, elastic strain tensor, and peak profile,
are obtained and visualized with micro-sized spatial re-
solution.
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Figure 9 Comparisons of the Laue diffraction peak profiles and strains in both scans. (a, b) The Laue reflections taken on the base metal are sharper
than those on the fusion zone; (¢, d) the von Mises strains in the base metal are lower and more narrowly distributed than those in the fusion zone.

This study sets an important milestone for the devel-
opment of the micro-Laue technique at SSRF and paves
the way to establish a world-wide leading scientific user
facility. Efforts are being made to promote the perfor-
mance and parameters in the following scopes. First of all,
with the superbend source on BL03B, more carefully
optimized K-B mirrors and slits, and specially designed
optical table with better stability, the beam size can be
brought down to micron or even submicron scale to
improve the spatial resolution. With the high-flux of the
polychromatic X-ray beam and high-speed 2D detector,
~10 Hz data collection rate is expected, and our indexing
algorithm will secure the simultaneous data analysis. In
other words, the microstructural mapping of a typical
100 pm X 100 um area on a bulky sample surface can be
completed in less than 20 min with 1 um spatial resolu-
tion. Secondly, combining a Si-drift detector and control
software packages, polychromatic X-ray fluorescence
signals will be collected in the meanwhile as micro-Laue
diffraction scans are being carried out, so that the mi-
crostructural features can be correlated to the chemical
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compositions. Finally, in situ thermal, electrical, me-
chanical, gas environmental, and multi-field testing stages
are under design and construction, and thus the materi-
als’ microstructural evolution under external stimuli can
be investigated in real time.
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