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The field of spin caloritronics, or spin-caloric transport, addresses the interplay between spin 
current phenomena and thermal properties. Though originally explored in metallic systems 
where spins can be transported by moving electrons, the field has played a key role in dem-
onstrating spin transport by spin waves, the elementary excitations of magnetically ordered 
materials whether ferro-, ferri-, or antiferromagnetic.

We have known for almost two centuries that heat and charge currents are coupled, caus-
ing the phenomenon of thermoelectricity. Prominent examples are the Seebeck effect and its 
inverse, the Peltier effect. These are related by the Onsager–Kelvin relations and employed 
in devices such as thermocouples, power generators, and coolers. Only recently have 
researchers realized that these concepts must be re-considered by including the spin, gener-
ating completely new spin-related properties. These include effects at work in bulk materials 
and those explicitly occurring at interfaces between materials that are often realized in small 
structures and devices.

In recent years, a zoo of spincaloritronic effects have been discovered, which are spin-
dependent generalizations of the classical Seebeck, Peltier or Nernst-Ettingshausen effects 
in bulk materials. Spin dependent thermal spin injection into normal metals by ferromagn-
etic contacts has been measured. Reciprocity in linear transport implies that each effect has 
an inverse with transport coefficients governed by Onsager relations.

The discovery of the completely new (longitudinal) spin Seebeck effect has caused much 
excitement. Here a temperature gradient over a metallic contact on a magnetic insulator 
interface generates spin currents that can be detected via the inverse spin Hall effect as a 
transverse voltage. The Onsager reciprocal spin Peltier effect was indeed detected a few 
years later.

This special issue with high-level research papers from leading scientists proves that spin 
caloritronics continues to be a hot field with many new research directions.

Below we briefly summarize the contents of this special issue on spin caloritronics.
Historically, the spin Seebeck effect has been discussed in two variations, distinguished 

by the orientation of the direction of heat flow with respect to the interface involved in 
detection of the spin transport. These longitudinal and transverse spin Seebeck effects, 
are perhaps the most prominent examples of spincaloritronic phenomena. The former is 
routinely observed in magnetic insulator (such as yttrium iron garnet, YIG)/heavy metal 
bilayers (but not in all-metallic samples since it cannot be separated from the anomalous 
Nernst effect). After its initial discovery, the scientific emphasis has turned to the engineer-
ing of the effect. Here, Yuasa et al [1] report on the YIG/Ru system, while Kirihara et al [2] 
focus on all-oxide hetero-structures. The diffusion of magnons in bulk magnetic insulators 
as studied theoretically by Rezende et al [3] (also for antiferromagnets) and Basso et al [4] 
is an important mechanism affecting spin pumping, the spin Seebeck, and related effects. 
Adachi et al [5] address theoretically the suppression of the spin Seebeck effect close to the 
Curie temperature.

The magnons generated at and in proximity of the contact can diffuse in the ferromag-
net and can be detected by another contact to study non local magnon transport. Magnons 
can be injected not only thermally, but also by spin pumping or electrically via the spin 
Hall effect. Here nonlocal magnon transport experiments using tantalum and platinum spin 
injection/detection electrodes are presented by Liu et al [6]. Noack et al [7] predict ballistic 
transport of quasi-acoustic magnons in high quality YIG. The transverse spin Seebeck effect 
in metallic systems is difficult to detect because of the anomalous Nernst effect with similar 
symmetry. However, the latter is of considerable interest in itself (Seki et al [8]) and can be 
used as a microscopic detection method of domain walls (Scarioni et al [9]).
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Other classes of well-studied phenomena are the spin-dependent Seebeck effect and the 
related tunnel magneto-Seebeck effect that rely on metallic materials. Kuschel et al [10] 
review the experimental progress in spin dependent electron tunneling under temperature 
gradients. Popescu et al [11] give an overview of the methods of computational mat erials 
science to compute spincaloritronic properties of metals with emphasis on the effects of 
spin–orbit interactions and heterojunctions. The tunnel magneto-Seebeck effect can be used 
to measure the thermal conductivity of thin insulating films, see Huebner et al [12] or as a 
microscopic tool on atomic length scales; see Friesen et al [13]. Juarez-Acosta et al [14] 
model heat transport through metallic magnetic interfaces while Chen et al [15] calculate 
the spin currents through quantum dot spin valves. The spin-dependent Seebeck effect, 
where the thermal gradient exists on the length scale of the spin diffusion length at an 
interface of a ferromagnet and a non-magnetic metal, has typically been viewed as a purely 
electronic phenomenon. Beens et al [16] present theory that argues that magnons play a 
significant role.

Spin caloritronics is increasingly being studied on novel materials such as antiferromag-
nets; see Cramer et al [17] (experimental) and Białek et al [18] (theory), fully compensated 
ferrimagnets; see Yagmur et al [19] and magnetic oxide/metal multilayers (Ramos et al 
[20]). Gomonay et al [21] predict that the spin Peltier effect should exist in an antiferro-
magnetic insulator. Moreover, magnetic nanostructures (Asam et al [22], Michel et al [23], 
Cansever et al [24]) as well as III–V semiconductors (Göbbels et al [25]) become acces-
sible. Theoretical aspects of spin caloritronics in exotic materials are studied theoretically 
by Wang and Wang [26] (topologically non-trivial spin lattices), Tatara et al [27] (insulating 
chiral magnets) and Kurpas et al [28] (black phosphorus and phosphorene).

Optical experiments have an increasing impact on the field. Brillouin light scattering has 
proven to be an efficient detection method for spin waves in temperature gradients (Langner 
et al [29]) and, more generally, to perform magnon and phonon thermometry; see the review 
by Olsson et al [30]. Increasing the sensitivity of magneto-optic Kerr effect microscopy 
(Liu et al [31]) is another potential route for probing interactions of heat and ferromagnets. 
Microcalorimeters have been optimized for the detection of thermo-electric properties in 
thin magnetic films; see Wesenberg et al [32] and Srichandan et al [33]. Furthermore, THz 
spectroscopic techniques allow for a fast and reliable detection of the spin Hall effect in 
metallic bilayers; see Seifert et al [34]. Shen et al [35] present theory underlying spatiotem-
poral Kerr microscopy, which is unique method to study the coupled magnetization and lat-
tice dynamics of thin magnetic films induced by the heat generated by a pulsed and focussed 
laser beam.

The collection of papers published in this special issue demonstrates the growing breadth 
and fundamental importance of spin caloritronics, and provides a vibrant picture of the field 
as it enters its second decade. We hope that this special issue will inform those new to the 
field and point toward new directions for spin technologies, whether generated by heat or 
simply affected by it, continuing toward wider use in our world.
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