
Layered antiferromagnet exhibits standing spin waves 

 
Caption: Schematic of the measurement setup for exciting standing spin wave modes in CrCl3, showing the 
alignment of the magnetic moments and the different modes setup along the thickness of the CrCl3 crystal.   

Major technological advancements have relied on control and utilization of charge and spin – 

two fundamental properties of electron. Recently there is a growing interest in the field of 

magnonics, which tries to understand the physics of modes formed due to collective oscillation 

of spins, or magnons. Utilization of magnons provides additional scope of minimizing losses, 

as transport of electrons is not required. In a recent study at the Nanoelectronics group in 

TIFR, standing spin wave modes have been observed in an antiferromagnetic material 

possessing a van der Waals layered crystal structure. These modes are excited when 

electromagnetic signal at microwave frequencies interact with the magnetic moments in the 

antiferromagnet, in presence of a magnetic field. This study presents an exciting prospect, as 

it is the first observation of standing spin waves in a van der Waals material. The material 

studied by the group, chromium trichloride (CrCl3), belongs to the family of chromium trihalides 

that also showed one of the first reports of magnetism in the 2D limit, i.e. when the crystal is 

thinned down to single atom thickness. Due to their layered cleavable structure, these 

materials have the potential to be used in miniaturization of the modern generation electronic 

devices. While standing spin wave modes have been seen in other antiferromagnets close to 

THz frequencies, in this study, the team excited standing spin wave modes at low GHz 

microwave frequencies, which is generally used for communication and quantum information 

related studies. This research appeared online on 27 November 2020 in the journal Advanced 

Materials. 

In absence of magnetic field, the magnetic moments in a single atomic layer of CrCl3 maintain 

ferromagnetic ordering, i.e. parallel to each other. Whereas, moments of consecutive layers 

maintain antiferromagnetic ordering, i.e. anti-parallel to each other. In presence of a magnetic 

field, along with the microwave frequency signal, the moments start precessing about the field 

direction, giving rise to collective spin oscillations. While generally observed modes comprises 

of all spins precessing together, the team, led by Prof. Mandar Deshmukh, were able to 

additionally excite standing spin wave modes in this material, by simultaneously applying in-

plane and out-of-plane components of the magnetic field. These modes require the magnetic 

moments at the surface of the crystal to be precession limited due to pinning. These modes, 

in CrCl3 crystal, can be understood by assuming a single macroscopic magnetic moment 

associated with each atomic layer. As we move from one layer to another, there is a lag in the 

precession of the spins with respect to the previous layer. This causes formation of a standing 

wave pattern across the crystal thickness with all the layers taken together, similar to the 

vibrational standing waves in strings tied at both ends. This work presents a crucial 

development in the field of layered magnetic materials, which has seen a vast interest in the 



past couple of years. The result opens up a new path towards manipulating spins for 

information processing using layered magnetic materials. 
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