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      We are developing and exploring new materials with extraordinary thermal properties based on spin. The recent demonstration of high magnon thermal conductivity at room temperature and the observation of a new thermo-transport effect called the spin-Seebeck effect (SSE) indicate significant opportunities for breakthrough research, uncovering new pathways to engineer thermal properties and generate spin transport in solids. Such discoveries have potential to impact DoD capabilities through the development of new materials and devices for thermal management and waste heat recovery. Since most energy is lost to heat, even small improvements in managing thermal energy would offer a dramatic increase in energy efficiency. Notably, after only 4 years of its discovery, the magnitude of the SSE was recently increased to ~10mV/K, comparable to the largest classical Seebeck coefficients. Thus, with improved understanding of the underlying mechanism of SSE, the anticipated outcome is a new pathway to optimize thermal energy conversion devices that could surpass charge-based thermoelectrics. 


The multidisciplinary team of researchers combines the materials science and physics of thermal transport, magnetism, and spin-physics. Led by The Ohio State University, the team also includes University of California at Los Angeles, University of Texas - Austin, University of Illinois - Urbana Champaign, and University of Chicago, The current activities include development of new epitaxial magnetic materials and structures towards understanding SSE mechanisms, expanding and refining theories on interface spin conductance and magnon-phonon drag interactions, and predicting new materials to enhance spin/heat coupling phenomena to help guide experiments.
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The MURI is a five year multidisciplinary university research initiative funded by the Army Research Office (ARO). It represents the first large team effort in the US focused on spin caloritronics. The initiative officially began in March 2014 is jointly managed by Dr. Chakrapani Varanasi (ARO) and Dr. Mark Spector (ONR), and is led by Dr. Roberto Myers (OSU).
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            4th Year Review



4th Annual Review meeting of MURI: Materials with Extraordinary Spin/Heat Coupling


 


DATE: March 21, 2018 (8:00am to 4:30pm)


LOCATION: The Ohio State University, Nanotech West Lab


1381 Kinnear Rd, Columbus, OH 43212


VENUE: Materials Innovation Lab, Room 218, (directions)


 


The goal of the MURI is to develop the basic physics of spin-heat interactions by determining the coupling mechanisms between heat and spin carrying particles. Along these lines, in the ferrimagnetic insulator, YIG, the MURI team developed theory to explain coupled spin-heat transport. Temperature, time, and spatially resolved spin-heat transport experiments were used to observe the length scales and time scales of spin and heat flux both in the bulk of YIG as well as across interfaces to metals. These provide a deeper understanding of the spin Seebeck physics and its relation to the properties of magnons and phonons in this class of materials. Moving beyond ferromagnetic insulators, the MURI team is probing the electron-phonon and electron-magnon coupling in ferromagnetic metals (Co and CoFeB) and evaluating the applicability of the two and three temperature models. We are also examining spin/heat coupling in antiferromagnets (MnPS3 and MnTe), where using theoretical concepts developed for YIG, we expect very large thermally-driven spin-transport.


 


	
			 

				
			Wednesday March 21, 2018

				
			 

			
	
			8:00 am

				
			Breakfast & Poster Setup

				
			 

			
	
			8:45 am

				
			Welcome Remarks

				
			Prof. Roberto Myers


			The Ohio State University

			
	
			9:00 am

				
			Collective spin dynamics in ferri- and antiferromagnets


			 


			I will summarize our recent work on spin dynamics in ferrimagnets, with a focus on the vicinity of the angular momentum compensation point. Here, fast dynamics of domain walls, vortices, and other magnetic solitons is expected and has been recently observed. Magnetoelectric (as well as magnetothermal) effects, furthermore, may allow for efficient manipulations of such solitons. Finally, I will discuss the improved understanding of the spin Seebeck physics, following recent OSU experiments that demonstrated the interplay of the spin-relexation and energy-relaxation length scales in the ferrimagnetic insulator YIG.


			 

				
			Prof. Yaroslav Tserkovnyak


			University of California


			Los Angeles

			
	
			9:30 am

				
			Spins in nanoparticle arrays for magnon transport and thermal imaging on YIG


			 


			The nitrogen-vacancy (NV) in diamond shows promise as a quantum sensor and a spin qubit for quantum computation applications due to its atom-like nature that results in high sensitivity to its local environment.  We will discuss our current and ongoing work exploring the interplay between the NV center system and ferromagnetic excitations in yittrium-iron-garnet (YIG) using a direct assembly technique to create arrays of diamond nanoparticles on a transferable film. In particular, we explore the direct interaction between spin waves generated in the YIG and the NV center spin, and take advantage of the sensing capabilities of the NV center to investigate the nanoscale details of heat transport.  We will also discuss new efforts in modeling and fabricating magnonic waveguides to mediate NV center coupling through spin waves.


			 

				
			Dr. Joseph Heremans


			University of Chicago

			
	
			10:00am

				
			Break

				
			 

			
	
			10:30am

				
			Probing Spin-Hall Injection of Magnon Population and Energy into a Magnetic Insulator


			 


			Analogous to the corresponding properties of charge carriers in semiconductor devices, the density, energy, and spin diffusion lengths of magnons in a magnetic insulator (MI) are important quantities for emerging spintronic devices. Here, we introduce lock-in Brillouin light scattering and resistance-thermometry measurements as sensitive probes of these properties of magnons injected by the spin Hall effect (SHE) from a normal metal, platinum, into a prototypical MI, yttrium iron garnet (YIG). Analytical models of the measurements are established to find that the SHE is capable of injecting magnons with an appreciable energy flux and a density as high as the typical carrier density in doped semiconductors. The ability to quantify magnon injection into a MI by the SHE and other mechanisms can enable future-generation MI-based spintronics.


			 

				
			Sean Sullivan, University of Texas - Austin

			
	
			11:00am

				
			Long lifetime of thermally-excited magnons in bulk YIG


			 


			When heat flows in YIG, it generates a bulk spin current composed of a thermal magnon cloud, described by the magnon chemical potential. I will discuss transient opto-thermal measurements of the time evolution of the magnon chemical potential in YIG, which evolves on time scales ranging from ~2 ns to ~1 ms. By fitting the data to the coupled heat/spin transport equations, using finite element method, the lifetime of the magnon chemical potential can be determined. Microsecond lifetimes of thermally excited magnons in YIG are surprisingly long and consistent with low energy magnons. I will also discuss the relative magnitude of the interface versus bulk component of the spin current in spin Seebeck and its variation with temperature. Apparently, the bulk spin current drives the majority of the detected signal in bulk YIG.


			 

				
			John Jamison,


			The Ohio State University

			
	
			11:30am

				
			Lunch (provided with registration)

				
			 

			
	
			1:00pm

				
			Hot electron diffusion, electron-magnon coupling, and ultrafast thermal response of metallic ferromagnets


			 


			The exchange of thermal energy between the various excitations of a solid (phonons, electrons, magnons) plays a foundational role in the field of spin caloritronics.  I will describe our recent experiments on a simplified metallic multilayer structure designed to enable better measurement of electron-phonon and electron-magnon coupling parameters in metals. The experimental design consists of a single 0.7 nm magnetic layer placed within a thin (typically 50 nm thick) non-magnetic metal layer near the Pt/substrate interface.  In the current experiment, the magnetic layer is either Co or CoFeB, and the non-magnetic layer is Pt.  Through a combination of time-domain thermoreflectance and time-resolved magneto-optic Kerr effect measurements with picosecond time resolution, we determine the effective values of the coupling parameters that describe the transport of thermal energy in these system and evaluate the applicability of two and three-temperature models.

				
			Prof. David Cahill


			University of Illinois – Urbana Champaign

			
	
			1:30pm

				
			Magnon drag thermopower of antiferromagnetic and paramagnetic MnTe


			 


			Magnon-drag enhances the thermopower of ferromagnetic and antiferromagnetic metals, typically by one order of magnitude over the conventional diffusion thermopower. Under the MURI, both a hydrodynamic and a spin-dynamic model of magnon drag effects have been developed for ordered magnetic materials. They predict that the magnon drag thermopower is proportional to the magnon specific heat and inversely proportional to the total number of free electrons. We report here the thermopower of the degenerately-doped antiferromagnetic semiconductor MnTe, as a function of both the temperature and the carrier concentration (which is varied by aliovalent doping with Li). Based on the results of specific heat and Hall measurements, we calculate the diffusion thermopower and magnon drag thermopower. The calculation agrees well with the experiment in the antiferromagnetic regime below the Neel temperature (TN=310K), provided the total experimental magnetic specific heat is used as opposed to only the magnon specific heat. Surprisingly, an excess thermopower is also observed in the paramagnetic regime up to 900 K, where it allows optimally doped MnTe:Li to reach a ZT ~ 1.  Phenomenologically, we note that this excess thermopower scales as the Dulong-Petit value of the magnetic degree of freedom of the Mn ions divided by the carrier concentration.  This suggests that short-range thermal fluctuations of the local magnetization may be responsible for the large thermopower, since the lifetime of these fluctuations is expected to be much longer than the interaction time between them and conduction electrons.  The result reinforces other recent observations of the presence of thermally-driven spin fluxes in disordered spin systems, such as by Spin-Seebeck measurements in paramagnets.


			 

				
			Prof. Joseph Heremans


			The Ohio State University

			
	
			2:00pm

				
			Break (PIs and program managers meeting)

				
			 

			
	
			2:30pm

				
			Poster Session

				
			 

			
	
			 

				
			 

				
			 

			
	
			4:00pm

				
			Adjorn
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             Spin coherence, condensation, and superfluidity


 


Feb 13-17, 2017, University of California Gump Station, Moorea, French Polynesia
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            3rd Year Review


<p>MURI&nbsp;3rd&nbsp;Annual&nbsp;Review&nbsp;meeting: Materials with Extraordinary Spin/Heat Coupling</p>


<p>&nbsp;</p>


<p>DATE: January 31, 2017 (8:30am to 5pm)</p>


<p>LOCATION:&nbsp;201 W 19th Ave, Columbus, OH 43210</p>


<p>VENUE:&nbsp;E100 Scott Laboratory, The Ohio State University&nbsp;</p>


<p>&nbsp;</p>


<p>The goal of the MURI is to develop the basic physics of spin-heat interactions by determining the coupling mechanisms between heat and spin carrying particles. To that end, over the last three years, the MURI team has realized key accomplishments. The measurement of magnon and phonon coupling in YIG and the measurement of non-local magnon spin-diffusion in YIG provide concrete quantitative observations that help refine the theoretical proposals that use the bulk spin Seebeck effect to induce Bose-Einstein condensation of magnons in a magnetic insulator. The mechanisms governing advective (drag effect) thermal transport processes were identified, whereby thermal gradients drive spin fluxes which in turn interact with electrons, either across an interface within a composite or within a single bulk metal. Thermally generated spin currents have the potential for more energy efficient data storage devices. Work in the MURI quantified for the first time the magnitudes and picosecond time-scales of spin currents generated by ultrafast heat currents and temperature excursions. The accomplishments of this work provide design rules that will aid the search for materials with stronger spin-heat coupling. Inelastic neutron scattering in spin ladder compound revealed extremely high velocity magnon modes and their weak coupling with the acoustic and pseudoacoustic phonons, which explains the high magnon thermal conductivity observed in this compound. Furthermore, we demonstrate ferromagnet-mediated coherent control of local spins in a hybrid YIG/nanodiamond system that enable efficient as site-specific probes of magnons. &nbsp;Surprisingly, surface spin waves propagating in YIG films generate a 100-fold amplification of the microwave signals interacting with nanodiamond sensors. Spin-wave mediated coherent control of the diamond spins constitutes a fundamental advance towards long-range quantum sensing of phonon-magnon interactions. These discoveries offer new insights for designing materials with a high magnon thermal conductivity.</p>
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            2nd annual review meeting


DATE: March 18, 2016 (8:30am to 5pm)


LOCATION: 301 West Lombard St Baltimore, Maryland 21201


VENUE: Holiday Inn Inner Harbor – Baltimore Downtown 


 


Over the past year the MURI team has probed a deeper theoretical understanding of spin-thermal phenomena, which are revealed through experimental measurements applied to carefully designed materials systems. Highlights to be discussed include the theoretical and experimental understanding of advective magnon transport phenomena such as magnon-electron and phonon-magnon drag, measurement of phonon-magnon coupling, theoretical predictions of superfluid spin transport, measurement of long-range magnon spin diffusion, development of cryogenic microscale thermometry using diamond spins, and observation of the picosecond dynamics of spin-heat coupling phemomena. This collaborative project aims to tackle the big questions on the coupling and scattering processes that underlie heat-spin interactions in magnetic materials. Such research aims at developing new materials and devices for spin-heat conversions with potential applications in thermal management and waste heat recovery.
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            First year annual review


DATE: March 11, 2015


LOCATION: 2200 Broadbirch Drive, Silver Spring, Maryland, 20904, USA


VENUE: Hilton Garden Inn - Silver Spring North
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            Workshop on Non-linear spin-heat interactions


September 16 – 17, 2015 at The Ohio State University in Columbus, Ohio




Continue to check this page as it will be updated as details become available and speakers are confirmed.
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Workshop on Non-linear spin-heat interactions


Dates: September 16th-17th, 2015


Location: Ohio State University, Columbus, Ohio


Host: Roberto Myers


Confirmed invited speakers:


	Gerrit Bauer, TU Delft & Tohoku University
	David Cahill, University of Illinois – Urbana Champaign
	Anna Delin, Royal Institute of Technology, KTH, Stockholm
	Michael Flatté, University of Iowa
	Joseph Heremans, Ohio State University
	Sadamichi Maekawa, Japanese Atomic Energy Agency
	Alexander Serga, TU Kaiserslautern
	Li Shi, University of Texas – Austin
	Yaroslav Tserkovnyak, University of California – Los Angeles
	Kenichi Uchida, Tohoku University
	Wolfgang Windl, Ohio State University
	Stephen Wu, Argonne National Lab
	Barry Zink, University of Denver

 


Click here to see the current workshop program.


Conference Location


Scott Laboratory

The Ohio State University

201 W. 19th Avenue,

Columbus, Ohio 43210


 


Hotel Accommodations


Homewood Suites by Hilton® Columbus/OSU, OH


1576 West Lane Avenue, Columbus,Ohio, 43221
USATEL: +1-614-488-1500; FAX: +1-614-488-1501


Hotel rooms are available at The Homewood Suites for $159/night. Please reference the “Spin Caloritronics Workshop” group code/ID: SCW when making your reservation via phone or online.


Questions?


Angie Dockery

IMR Business Manager

614-247-4670 | Fax: 614-247-2581
dockery.9@osu.edu
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Supported work will contain the acknowledgement, "Work supported by the Army Research Office MURI W911NF-14-1-0016."
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Brian B. Zhou, Paul C. Jerger, Kan-Heng Lee, Masaya Fukami, Fauzia Mujid, Jiwoong Park, & David D. Awschalom, “Spatiotemporal Mapping of Photocurrent in a Monolayer Semiconductor Using a Diamond Quantum Sensor”, Arxiv.1903.09287 (2019).
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	"Spin caloritronics: Bulk isn't everything", Giacomo Prando, March (2017)

 


	"Devices that convert heat into electricity one step closer to reality", Matt Schutte, December (2016)

 


	
	"Ultrafast heat conduction can manipulate nanoscale magnets", Rick Kubetz, June 8 (2015)

	

 


	Phonon-induced diamagnetic force article on cover of Nature Materials, May 20 (2015)
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	"Magnetic fields can control heat and sound," Joseph Heremans, March 23 (2015)

	

 


	"Precisely placed imperfections key to enhancing performance," Nina Notman,Materials Today, August 12 (2014)

 


	"Diamond Defect Interior Design," Catherine Meyers, AIP Journal Highlights, August 5 (2014)

 


	"Advancing the limits for ultrafast nano-devices," ScienceDaily, July 10, (2014)

 


	"Ultrafast spintronics: Give it a whirl", Karel Carva, Nature Physics, 10, 552–553 (2014).
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