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The interpretation of  electrical transport measurements on novel sample systems such as e.g. magnetic 

skyrmions in multilayer systems [1-4] usually requires the combination of these measurements with 

imaging techniques, to allow for the correlation of the magnetic state with the recorded transport 

measurement (see e.g. Refs. [3,4]).  

Scanning transmission x-ray microscopy (STXM) is a transmission microscopy technique that employs 

a Fresnel zone plate to focus a monochromatic x-ray beam onto a spot on a sample, recording the x-ray 

intensity transmitted across the sample with a suitable detector (e.g. an avalanche photodiode, or a 

photomultiplier tube). A STXM image is formed by scanning the sample with a piezoelectric stage 

(usually combined with a laser interferometer stage to improve the positioning precision), and recording 

the transmitted x-ray intensity at each point of the scan. This technique can be combined with the x-ray 

magnetic circular dichroism (XMCD) effect to obtain images of the magnetic configuration of a 

magnetic sample. 

Here, we describe a setup, currently installed at the PolLux (X07DA) endstation of the Swiss Light 

Source, for the combined XMCD-STXM imaging and in-situ electrical transport measurement of 

magnetic materials. 

The setup reported here, shown schematically in Fig. 1, employs a magnetic sample fabricated on an x-

ray transparent substrate with patterned electrical contacts specific for the required transport 

measurement. Here, we will describe, as an example, the case of a Hall voltage measurement. 

The transport measurement setup shown schematically in Fig. 1 employs a Keithley 6221 current source 

for the generation of an AC electrical current, which is injected across the magnetic sample. The Hall 

voltage generated by the injection of such current is then measured using a Zürich Instruments HF2LI 

lock-in amplifier, locked to the frequency of the AC current generated by the current source, in the 

differential mode. This setup can be easily integrated with the magnet installed at the PolLux endstation, 

allowing for the combined STXM and transport measurement of the sample under either in-plane or out-

of-plane magnetic fields. Furthermore, this setup was integrated with the control system of the Swiss 

Light Source and with the control software of the PolLux endstation, enabling the full automation of 

both the imaging and the transport measurements. 

As a proof-of-principle measurement, a nanostructured disc of a Pt/Co/Ir stack stabilizing a 

perpendicularly magnetized state (for details on the sample preparation see Ref. [3]) was 

lithographically patterned on top of a Si3N4 membrane and electrically contacted in a Hall cross 

geometry. This disc was then measured with the setup described above. Different out-of-plane magnetic 

fields were applied to the sample and, for each field step, an XMCD-STXM image, together with a 

reading of the Hall voltage, was recorded. For each field step, around 100 samples of the Hall voltage 

were recorded at a time interval of 10 ms between each consecutive point. The current generator was set 

at an operating frequency of 17 Hz. The result of this measurement is shown in Fig. 2, where the 

switching is clearly observable both in the transport measurements, and in the XMCD-STXM images. 

The proof-of-principle measurements reported here demonstrate that the combination of a lock-in based 

electrical transport measurement setup with a STXM instrument is feasible, and allows for the quasi-

https://doi.org/10.1017/S1431927618012771 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927618012771


Microsc. Microanal. 24 (Suppl 2), 2018 77

simultaneous acquisition of magnetic images and of electrical transport measurements of a magnetic 

sample, therefore providing a powerful input to the interpretation of transport measurements in novel 

sample systems. Furthermore, XMCD-STXM imaging has an additional advantage compared to 

competing techniques, as this technique provides direct images of the magnetic configuration of the 

material instead of indirect images of the magnetic configuration (e.g. magnetic force microscopy 

provides images based on the stray field generated by the sample, increasing the difficulties in 

determining the size of the magnetic domains [4]). 

In conclusion, we report here on an experimental setup that enables the in-situ measurement of both the 

magnetic configuration of a nanostructured sample, and the measurement of its electrical transport 

properties such as e.g. the Hall voltage. This setup provides a powerful input for the interpretation of 

transport measurements in magnetic sample systems, as it allows one to directly correlate the electrical 

measurements with a direct image of the magnetic state of the sample. The capabilities of the 

instrumentation reported here were demonstrated by a proof-of-principle measurement of the switching 

of a Pt/Co/Ir nanostructured disc, and by the results reported in Ref. [3], where the transport properties 

of a magnetic skyrmion stabilized in a Pt/Co/Ir nanostructured disc were measured [5]. 
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Figure. 1.  Schematic overview of the transport 

measurement setup. The first channel of the lock-in 

amplifier is employed to measure the current 

injected across the sample (via a reference resistor), 

while the second channel is employed to measure 

the Hall voltage generated across the sample. 

 
 

Figure. 2.  Combined STXM and transport 

measurement of a nanostructured Pt/Co/Ir disc as a 

function of an applied external magnetic field. A 

clear switching of the magnetic state with the field 

can be observed both in the transport data and in 

the corresponding XMCD-STXM images. 
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