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● The motion system is composed by Physik Instrumente (PI) 
QMotion series piezo stages, mounted over a UPR-160 Air 
rotational stage;

● Sample has 4 DOF: X, Y, Z and Ry;
● Coordinated motion along beamline’s axis required the use of 

kinematics to compensate for the beam to sample stage’s 
deviation (Rx and Ry) and the mounting angle of the YZ stage.

Mogno is a micro and nano tomography beamline designed to provide users the flexibility to execute both high-resolution 
and large FOV experiments, via a cone beam geometry (zoom tomography), at one of the two energy configurations available: 
22 and 39 keV simultaneously, or 67.5 keV. The main beamline source is a nano focus of 120 x 120 nm2, produced by a set of 
multilayer elliptical mirrors in a Kirkpatrick-Baez (KB) system, which enables the energy selection and high resolution [1].

Based on the work done during the commissioning of the beamline’s pre-KB mirror [2], a 2D scan along the horizontal and 
vertical planes was developed, where a Au sample of known width is scanned across the focus and the fluorescence signal is 
collected by a SDD (silicon drift detector). The acquired spectra at each point is then integrated around the L-alpha peak, 
resulting in a pixel count value used to build the beam’s profile known as a caustic. Analyzing the caustics at different mirror’s 
angular positions it is possible estimate and refine the focus size.
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● Each 2D scan is composed by a series of 1D scans and 
steps along the Z axis:

○ Fast 1D scans along X and Y axis are done via 
hardware triggered step scan;

○ Steps along the Z axis are done via software 
(EPICS).

● Each 1D scan is executed via controller macros:
○ Each piezo stage has a separate controller with their 

macros;
○ X axis scans are executed via a single macro that 

controls the motion loop;
○ Y axis scans use 2 macros that communicate via 

digital signals with each other, one for the Z stage 
and another for the YZ stage.

● TATU is a in-house software that runs on a NI cRIO, and 
is used to manage  digital pulses [3];

● A high level Python package was developed to configure 
scan variables and devices (heavily rooted in OOP 
principles!).

● With the proposed system, it was possible to acquire caustics in both 
XZ and YZ planes, however it also enables scans in the XY plane;

● The scan resolution achieved with the system is adequate to evaluate 
the nano focus at Mogno at lower energies;

● Although the acquisition time made it possible to iterate over the 
mirrors’ positions to generate caustic profiles, the dead time is still high:  
up to 23% for XZ and 35% for YZ, where a step motion approximately 
25ms;

● The focus size of approximately 416 x 480 nm is still being refined, and 
full field imaging is also being used to evaluate the beamline resolution.

Figure adapted from [2]

The system’s performance while executing the motion loop were 
evaluated taking into account the target configurations for 1D scans. 
During an experiment, the scans are usually executed with:

● Step size = 20 nm;
● Acquisition time = 200 ms;
● Velocity = 1 mm/s;
● Acceleration = 1 mm/s2.

Figure 4: Commanded and measured position during motion 
along X axis, where it is possible to see a periodic error due to 
the stage’s mechanism.

Figure 5: Step size distribution during X axis fast scan.

Figure 6: Step size distribution during Y axis fast scan. Z stage distribution on the left and YZ 
stage on the right.
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At the energy configuration of 22 and 39 keV, the focus 
size measured via the FWHM of the gradient along X 
and Y, respectively, resulting in: 416 x 480 nm2.

Figure 7: Gradient of caustics acquired in the XZ and YZ 
planes, respectively, along the direction perpendicular to the 
beam.

Figure 3: 2D scan block diagram.

Figure 2: Piezo stage stack assembly.Figure 1: Beamline diagram with KB focus in detail.


