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A continuous scanning mode for collecting MCA spectra has been developed and implemented in 
the online data acquisition and motor control software in order to provide a fast scanning capability 
in the sub-second per pixel regime with minimum time loss due to overhead. 

Introduction 

Improvements in beam intensity and detector count rate capability reduce detection limits in X-ray 
fluorescence analysis (XRF) considerably, which are determined for a given measuring time. On 
the other hand, these improvements can be also used to reduce the measuring time per point 
keeping the number of counts constant. A major application at the X-ray micro fluorescence 
beamline L is the investigation of thin sections of organic tissue [1]. The concentration of important 
elements like Fe, Cu, Zn, but also P, S, Cl, K, Ca, and Br are well above the detection limits even 
for collection times of 1 s or less if the experimental conditions are optimized on sensitivity. 
Reducing the measuring time per point enables to measure larger areas of the sample without loss 
of spatial resolution. Physiological relevant areas are often as large as several square millimeters or 
square centimetres. Keeping the spatial resolution at 10-20 μm, which currently is the lower limit at 
beamline L, results in several 10.000 points per scan and (sub-) second measuring time per point, if 
the scan shall be finished in reasonable time (several hours). However, the conventional scanning 
technique of sequential control of motor movement, MCA acquisition and data processing 
generates a considerable time consuming overhead of about 2 s under the present experimental 
conditions, which makes sample times below 4 s inefficient. Therefore, a continuous scanning 
mode - also called “on the fly”-mode - for collecting MCA spectra has been developed. This 
technique has been used frequently for many different applications and is useful for quick and 
precise optimization of the local sample position for point measurements, i.e. finding interesting 
microparticles or locations for micro-XANES measurements. In the following the method and 
properties of the continuous scanning mode will be described and a first biomedical application is 
shown.  

Method 

In the continuous scanning mode the sample is moved continuously across the beam – not stepwise 
as in the conventional scanning mode (see Fig. 1). The Multichannel analyzer (MCA) opens for a 
pre-defined time interval (sample time). Subsequently, the data are read out from the MCA and 
written to hard disc (“mca_*.fio”).  

                              

Figure 1: Principle of conventional (left) and continuous (right) scanning mode for 2-dimensional arrays of 
MCA spectra. White dots or stripes indicate the locations measured with a point-like beam, the shaded areas 

illustrate the effect of a finite beam size.  
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In addition, counter signals needed for normalization, like ionization chamber signals, detector 
deadtime, DORIS ring current, detector count rate and others are saved. Furthermore, the current 
position of the moving motor and the number of counts in pre-defined regions of interest (ROI) in 
the MCA spectra are computed in the intermediate time interval. During readout, computing, and 
writing, the spectrometer is “blind”: photons are not detected and signals are not counted. However, 
this time interval (~ 0.02 s) is almost negligible compared to a typical sample time.   

The scanning routine TwoD.pl is written in the PERL language. The user specifies start, stop and 
increment of the inner and outer loop motors: 

Perl  TwoD.pl  motor_inner_loop  start  stop  incr motor_outer_loop  start  stop  incr 

The sample time per point given by the ratio of inner_loop_motor increment and the customized 
inner_loop_motor slew rate, which is specified in the TwoD.pl perl script, together with the 
definition of the MCA ROI’s. After completion of the line, the motor moves back to the start 
position with the initial (fast) slew rate. After a single conventional step of the outer loop motor the 
next line is measured. After every line the file (“Files.lis”) containing the motor positions, MCA 
filenames, counter signals and ROI intensities of the complete scan is updated. The program detects 
the absense of the beam (during injections, for example), stops the measurement, waits until the  
beam is back and starts the measurement at the position of the current line in order to prevent loss 
of measurement points. 

Routines written in the IDL language are available for the on-line display of normalized element 
maps based on ROI intensities during the measurement. After finishing the scan, the data are 
transferred to the evaluation PC and each single spectrum is peak-fitted using MICROXRF2 and 
LINUX-AXIL (B. Vekemans, Univ. Antwerp) for quantification. 

Performance 

The performance of the continuous scan mode has been tested for different sample times between 
0.04 – 1 s using the standard set-up using a 55Fe X-ray source instead of a fluorescing sample (70 
kcps at detector). A constant voltage was applied as a signal. The sample stage was scanned 300 μm 
with 10 μm increments in horizontal and vertical direction (30  30 points). The Mn-K X-rays are 
detected by a RADIANT VORTEX silicon drift detector, coupled with a CANBERRA 2060 digital 
pulse processor and VME histogrammic memory.  

Figure 2 demonstrates the precision of the sample time measurement for a counter signal (left) and 
MCA (right). The relative deviation from the mean intensity is < 0.02 % for the signal and < 5 % 
for the MCA even for 0.04 s sample time (MCA signal distribution is determined by counting 
statistics of count rate. The precision of the sample time may be much better). The precision of the 
sample time in the continuous scanning mode will not limit the precision of a XRF –measurement.  

               

Figure 2: Precision of the sample time for the counter (left) and the MCA (right) expressed in relative 
intensity differences I/I. 
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The dependency of the sample time per pixel on the coverage and mean elapsed time is shown in 
Fig.3.  

The coverage, which is the ratio of the total sample time (cumulated measuring time) per scanned 
line and the time of the motor movement (only forward direction, also called sweep time), is higher 
than 95% for all sample times above 0.2 s and decreases to 70% at 0.04 s sample time. However, at 
sample times smaller than 0.5 s the time needed for the scan (called elapsed time) is affected 
seriously by the finite speed of the backward movement of the sample stage. If smaller sample 
times are requested, a meandering measuring pattern should be considered, in combination with the 
implementation of position encoders. 

                 

Figure 3: Coverage and mean elapsed time vs. sample time 

 

Figure 4 demonstrates the precision of the sample position in the continuous scan mode for 1 s 
sample time and 0.06 s sample time. The deviation x from a linear relationship of the sample 
position derived from the first sweep is within 1 μm (2μm) for all sweeps and negligible for all 
applications we have performed so far. However, since the sample position is recorded for every 
single point any deviation can be included in a sophisticated data analysis procedure.  

             

Figure 4: Precision of sample stage position: deviation from linear dependence for 1s sample time (left) and 
0.06s sample time (right). 

Application 

The implementation of the continuous scanning mode was pushed by biomedical applications. A 
special life science application at beamline L belongs to the field of Metalloproteomics, i.e. 
proteomics focused on the metalloproteins. Most of the metals and metalloids present in plants and 
animals are bound to proteins. Specific bio-analytical tools are required to identify these 
compounds and study their distribution and biological functions. The micro-SRXRF technique at 
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beamline L is applied as such a bio-analytical tool in the investigation of the cerebral distribution of 
several elements in cancerous tissues and in different neurodegenerative disorders of the central 
nervous system like transmissible spongiform encephalopathies, Alzheimer's disease, Morbus 
Wilson, and Amyotrophic Lateral Sclerosis [2-7]. Changes caused by oxidative stress are thought to 
be important factors in their pathogenesis, and in these processes several metals seem to play 
crucial roles. Metals are known to be involved in the production of free radicals and peroxides, but 
also in the protective systems against these oxidants. In brain tissues, knowledge about the spatial 
distribution of these elements may help to explain the etiology of these diseases. 

Figure 5 shows results of such investigations using an animal model. Brain sections from adult rats 
were analyzed. Coronal cryo-sections of 10 μm were prepared and thaw-mounted on a thin foil of 
mylar. These samples required no further fixation and were kept in a dry environment at room 
temperature. Area mappings with 100 x 100 points and 15 μm step size close to the anterior part of 
anterior commissure (aca) were taken with a sample time of 1.5 s per point. The aca is a bundle of 
nerve fibres, which are myelinated like other white matter structures in the brain and can be 
identified by increased elemental concentrations and Compton scattering relative to the surrounding 
tissue. The figure illustrates the distribution of iron, and potassium (counts are normalized to 
deadtime, beam monitor signal and 1s sample time). The sample shows an element-specific rich 
structure on the microscopic scale, but also significal differences between physiological different 
tissues, which demonstrates the necessity of large scans. The measurement of the complete scan 
area of 2.2 mm2  took about 4.5 h.  

 

           

Figure 5: Element maps of K (left) and Fe (right) of rat brain tissue. Sample time/pixel 1.5 s, 100  100 
points, 15  15 μm2 step size. The color bar at the right indicates the count rate per second. 

 

Very recently, the continuous scanning mode was applied not only in life science applications but 
also in many other fields of trace element imaging and has become one of the standard modes of 
operation. The sample time was chosen generally in the range of 1 second, which is adapted to the 
incoming flux and detector count rate processing capability. The new scanning mode will realize its 
full potential at a high brilliance microprobe at PETRA III equipped with fast detectors (106 cts/s).   
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