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Report on the Doctoral Thesis Entitled  

Quench Switching of Antiferromagnetic CuMnAs 

by Mr. Zdenek Kaspar 

 

 

Methods for the efficient transmission, processing and storage of information are of fundamental 

importance for our high-tech world. In devices, information can be imprinted onto, e.g., electrical 

charges, photons, or magnetic moments (spins). Each approach brings along particular 

advantages, as well as characteristic drawbacks. Ferromagnetic materials have enabled the 

realization of widely used, low-power, digital data storage schemes in the last decades. Recently, it 

has been proposed that antiferromagnetic materials could allow for even more robust and dense 

data storage devices. To establish the viability of this new technological avenue, it is of key 

importance to develop schemes allowing to write information into antiferromagnetic thin films, i.e., 

schemes allowing to locally change the microscopic domain or spin structure of the antiferromagnet 

in such a way as to encode information. Obviously, means to do so via electrical (charge) currents 

are very attractive for applications. 

 

In his PhD thesis work, Zdenek Kaspar has taken up this challenge. Focusing on thin films of 

CuMnAs – a very promising antiferromagnetic material that can be deposited in the form of (high 

quality) thin films onto different substrate materials – he explored the impact of very intense charge 

current pulses on micropatterned CuMnAs devices. His experiments revealed a novel, so-called 

quench-switching process, which is attributed to a fragmentation of the domain structure. 

The thesis consists of 6 chapters, framed by a very nice and concise Introduction section, and a 

short and clear Conclusion section, respectively. Chapter 1 gives an overview over the basic 

concepts and the state of the art relevant to the thesis work. The key discovery of the thesis, 

quench switching, is introduced in Chapter 2. The following chapters then contain a very systematic 

and careful analysis of the impact of different parameters on the switching process. More precisely, 

Chapter 3 addresses different device geometries and device parameters, while Chapter 4 is 

focused on the writing pulse parameters, such as pulse length, delay between pulses, etc. In 

Chapter 5, Zdenek Kaspar then compares the switching in CuMnAs films deposited onto different 

substrate materials, in films with different thickness, and in films with different stoichiometry. 
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Importantly, the quench switching process indeed is observed in all these different samples with 

very comparable amplitude. This underscores the notion that quench switching is not an artefact 

arising from particular defects, contaminations or the like, but rather is of intrinsic origin. Chapter 6 

finally describes the molecular beam epitaxy based thin film growth, and the device fabrication and 

measurement procedures.  

The thesis is written in English and reads well. I would like to emphasize that both the experimental 

observations and the scientific conclusions derived from these observations are very precisely and 

objectively described in the thesis, making it a piece of scientific work in the best possible sense. 

The figures are clear and well labeled, and the references to the scientific literature are appropriate.  

 

From a scientific perspective, I can only iterate that the discovery of quench switching detailed in 

the thesis is an interesting, important and novel result. The scientific relevance of the quench 

switching mechanism is underscored by the fact that the corresponding results have recently been 

published in a paper in Nature Electronics, a high profile scientific journal, with Zdenek Kaspar as 

the first author. Considering this publication and the consistent thesis work, I am sure that these 

physics will be eagerly taken up and intensely discussed – not only by the scientific community 

interested in spintronic effects in ferromagnets and antiferromagnets, but also by a much broader 

group of scientists and engineers working for example on neuromorphic computing or multi-state 

memories. Let me add that Zdenek Kaspar has authored or co-authored a total of 10 publications 

to date. Clearly, he is able to perform creative scientific research and to communicate his insights 

to the scientific community.  

 

Taken together, I thus strongly recommend to accept the doctoral thesis put forward by Zdenek 

Kaspar.  
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