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Abstract X-ray fluorescence (XRF) scan methodology is
important for elemental mapping of samples at a syn-
chrotron radiation facility. To save the experiment time and
improve the experiment efficiency, one should develop an
efficient XRF scan method. In this paper, a new scan mode
is presented. It can map arbitrary-shaped areas without
stopping the motors. The control and data acquisition sys-
tem integrates motor controlling, detector triggering, and
data acquisition and storage. The system realizes the arbi-
trary-shaped 2D-mapping and fluorescence data acquisition
synchronously. SR-XRF mapping has been performed with
a standard gold mask to verify the validity of this method at
beamline BL15U1 of the Shanghai Synchrotron Radiation
Facility. The results show that this method reduces the total
scan time and improves the experiment efficiency.

Keywords Synchrotron radiation - X-ray fluorescence
mapping - EPICS - XPS controller

1 Introduction

Synchrotron radiation X-ray fluorescence (SR-XRF), a
non-destructive technique for elemental mapping of a sam-
ple, is widely used in biology, materials science and envi-
ronmental science [1-4]. It is important for a synchrotron
radiation facility to develop XRF scan methodology, a key
factor for elemental imaging and the success of experiments.
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However, conventional XRF scan methods often waste
precious beam time due to scanning areas in a simple grid
that is large enough to include an irregular-shaped sample or
turning on and off the stepper motors. To meet the users’
rising demands for beam time of a synchrotron radiation
facility, it is critical to improve XRF methodology and the
experiment efficiency [5-9].

Researching XRF scan methodology based on Experi-
mental Physics and Industrial Control System (EPICS)
software platform has been developed in the synchrotron
radiation community. To increase mapping efficiency, ‘on-
the-fly’ scan mode, in which motors continuously move
without stopping, has been developed [10-13]. However,
this rectangle scan mode still wastes much time on map-
ping uninterested areas of a sample. Although a
‘table mode’ scan can achieve arbitrary-shaped area map-
ping, it has to stop at the end of each motion and this takes
time. So it is imperative to develop a mapping method to
scan an irregular-shaped sample, rather than mapping a
rectangle area, without stopping the motors.

In this paper, for realizing continuously mapping arbi-
trary-shaped samples, a scan system is implemented at
beamline BL15U1 of the Shanghai Synchrotron Radiation
Facility (SSRF). The architecture and design of this scan
system are provided. Trajectory definition and motion
control are built to control sample stage motors moving
along the set of mapping trajectory. Scan programs are
compiled for the pixel positions and fluorescence data
acquisition synchronously. As an example, the elemental
distributions of an irregular-shaped area in a standard gold
mask are determined. The validity of this technique is
confirmed by comparing the original sample image
obtained by an optical microscope. By comparing with the
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XRF scan methods of ‘step-by-step,” ‘on-the-fly’ and
‘table modes,’ the present method is more efficient.

2 Methods
2.1 Method architecture

XRF analysis determines the elemental distributions of a
sample by measuring the fluorescent (or secondary) X-ray
emitted from a sample excited by a primary X-ray source
[14, 15]. According to the XRF principle, an XRF scan
system for arbitrary-shaped samples is developed on the
basis of the scanning XRF microprobe. It mainly consists
of mapping area selection, trajectory motion control and
fluorescence data acquisition. The scanning XRF micro-
probe at BL15UI is shown schematically in Fig. 1. An
optical microscope with a charge-coupled device (CCD)
camera is used to observe the sample and select the fluo-
rescent mapping areas. The sample stage motors perform
high-precision motions in X-Y directions in constant speed.
The XPS controller connected to a SLS2015 stepper motor
driver is capable of executing complex coordinated
motions. The Si drifting detector (SDD) collects energy-
dispersive XRF counts, and the data are processed by a
Saturn device. Two ionization chambers positioned
upstream and downstream of the sample monitor intensities
of the incident and transmitted X-ray beam.

After selecting scan area of an arbitrary-shaped sample
through the microscope CCD camera, a scan trajectory-
defined file, which can be read by the XPS controller, is
created. After uploading the trajectory file to the controller
and setting scan parameters, the XPS controller controls the
X-Y stage motors to move along the defined trajectory
within the sample. The sample is continuously scanned,
while the X-Y motor position values and corresponding
XRF spectrum of each pixel are recorded. Based on the
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Fig. 1 Plan view of XRF microprobe for scanning arbitrary-shaped
samples
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scan data, a two-dimensional fluorescent image of the
arbitrary-shaped sample can be obtained.

2.2 Trajectory definition and motion control

In this XRF mapping system, for scanning an irregular
shape, some trajectories are defined to move the stage
motors through a set of complex motions. In order to
realize motors moving continuously from beginning to the
end without stopping, the line—arc trajectory function of
XPS is used to do motion control in which an element of a
trajectory is defined by a line or an arc segment as shown in
Fig. 2 [16]. A line element is defined by specifying the
ending point (X;, ¥;). The element starting point is the end
point of the previous segment (X;_;, ¥;_). All line element
positions are defined relative to the trajectory starting point
(0, 0). An arc is defined by specifying radius R and sweep
angle A like Arc(R, A). Positive angles are measured
counterclockwise.

For hardware configuration, the XPS-DRVOO is a pass-
through board used for external amplifiers connected to the
XPS controller. This pass-through module passes control
signals to the external third-party SLS2015 drivers. Based
on the motor driver model and the trajectory definition file,
the XPS controls the sample stage motors moving along the
specified path.

2.3 Scan program

All the data acquisition and control system run on the
EPICS software platform at BL15U1 [17, 18]. In this scan
system, a scan program is compiled with EPICS to achieve
2D-mapping of a given shape and XRF data acquisition
synchronously. For obtaining pixel positions and corre-
sponding XRF data synchronously, a distributed soft real-
time control system is built.

For XRF data acquisition, scan programs employ
SSCAN and SEQ packages to trigger SDD, record detector
data and motor positions of each pixel. The trigger of
detector in a scan refers to a process variable (PV) to do
data acquisition including XRF spectrum, flux and motor
positions by writing to the detector trigger fields in the
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Fig. 2 Line-arc trajectory definition
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Fig. 3 Flow chart of the data acquisition

SSCAN. The XRF data acquisition is realized by writing
SDD multichannel analysis (MCA) PV into the field of
SSCAN. For recording a set of X—Y motor positions, some
soft channels are built in the SSCAN db file, which saves
the X and Y motor positions of each pixel. Their values are
real-time obtained by using SEQ.

Underlying the SSCAN software, SEQ and state nota-
tion language (SNL) are applied to create distributed soft
real-time control systems for scaling scientific instruments
[19, 20]. It is easy for the program to interact with EPICS
PVs, and it allows to read and write PVs and to react to
changes in their values or status. A state machine is defined
to get the pixel positions depending on the SDD trigger
signals. Whenever the values of motor positions and SDD
trigger signals in the control system (the EPICS database)
change, the variable values will likewise change in the
SNL program. For recording motor positions, the level PV
of a trigger signal for the detector is sensed. There are two
states, 0 for non-collecting and 1 for collecting. When the
trigger value is changed from O to 1, the motor current
position is recorded. Conversely, when the trigger value is
changed from 1 to 0, the motor current position is recorded
again. The average value of the two motor positions is
calculated in the SNL as the scan point position and is sent
to top-layer SSCAN soft channels. Based on this method,
the motor positions of each pixel are obtained. The data
acquisition logic flow chart is shown in Fig. 3.

3 Results and discussion

At BL15U1 of the SSRF, elemental imaging of a stan-
dard gold mask was carried out using the new XRF scan
system. The incident X-ray beam was monochromatized to
14 keV. The K-B mirror system was used to provide a
focused beam with a spot size of 3.5 pm x 3.5 pm. Based
on element contents of most samples for XRF experiment,
0.2 s scan time is enough to meet the actual requirements.
The motor velocity was 7 pm/s. Scan range of the sample
was arbitrarily selected using a microscope as shown in
Fig. 4a. The motion path is shown in Fig. 4b. It can be seen
that the entire trajectory is executed without stopping,
saving the total experiment time dramatically relative to
traditional ‘step-by-step’ mode. Elemental distribution
images of the gold mask obtained are shown in Fig. 4c (the
unit of color scale is intensity). Comparing Fig. 4a, c, the
scanning area is the same. This shows that the method
achieves irregular-shaped range mapping and confirms the
presented method in this paper is valid.

Different scan modes of ‘step by step,” ‘table mode,’
‘on-the-fly rectangle area’ and ‘arbitrary-shaped no-stop-
ping’ were used to measure this sample. The ‘step-by-step’
scan mode and ‘table mode’ cost 2621 and 2394 s,
respectively, due to the motor start and stop at each scan
position. On the contrary, the ‘on-the-fly rectangle area’
and ‘arbitrary-shaped no-stopping’ cost 857 and 684 s,
respectively. The former took more time than the latter,
because of the extra time to scan uninterested areas. The
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Fig. 4 Selected area of a gold mask through microscope CCD (a), X-Y motion path of the motor (b), elemental mapping of the selected area (c)

‘arbitrary-shaped no-stopping’ scan mode is the most
efficient scan method.

4 Conclusion

An effective SR-XRF scan method which maps irregu-
lar-shaped samples is provided in this paper. This scan
mode gives a strategy to image elemental distributions of
interested part of a sample. Based on this XRF scan, an
elemental image of a standard gold mask was obtained with
satisfactory results at BL15U1 of the SSRF. Compared to
conventional scan methods, this scan pattern can not only
achieve an arbitrary-shaped scanning based on a simply
defined trajectory, but also allow the positioners to con-
tinuously move on the whole path without stopping. The
experimental results show that the method is efficient to
image elemental distributions and can save precious beam
time for users. Additionally, the method also promotes the
development of XRF methodology in the microfocusing
beamline station.
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